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What is Absorbency?

Absorbency has always been regarded as one of the most important features desired by the consumers in a disposable diaper. Does anybody know what absorbency is?  When I ask this question, I am not talking only about the simple physical absorbency phenomena, which too is not as simple as we all may think. We have to look for an answer from the point of view of the consumers of disposable diapers.  In the case of baby diapers, the answer has to be provided by the mother of the baby, or whoever takes the decision to buy the diapers for the baby. Similarly, for adult incontinence products, the answer has to be provided by the actual users of the adult products.  We will soon see, there in no simple answer to the question. The objective of this paper is to make you think whether you are answering the question about absorbency the right way. Is your definition of absorbency the same as that of your customers? And last, but not least, is the current design of the core of your diaper really the optimal core for the money, both for the manufacturer and the user? Is it the time to make a change?   We will traverse the absorbency street together in the next hour or so.

Let us start with Webster’s definition of ‘absorbency’; according to the dictionary, absorbency means to suck up, to drink in, to take in and incorporate.  If we accept this definition, then a diaper that is capable of sucking up more urine, or the one that drinks in more liquid, will be regarded as the most absorbent.  Well, as I am going to explain, this is not necessarily true; at least it is not true from the perspective of the adult diaper consumer, or from the point of view of mothers who buy the diapers.

A key issue to understand, before we talk about diaper absorbency, is the development of the absorbent pad from the beginning of the history of diapers to modern times.  This exercise will help us prepare our minds to understand what we need to do, in order to improve diaper absorbency.  It will also help me point out the errors of the past, concentrate on the errors of the present and define a path for the future.

The development of the absorbent diaper core:

The first disposable diapers were made of crepé tissue paper.  This was a very simple process, where multiple layers of paper were pulled out from several unwinders and were folded. The problem with this simple design was the lack of capacity of this core to absorb adequate quantity of urine and the poor wet resistance of the pad. Wicking was excellent but because paper is not good at storing liquids under pressure, its use was good only for the first insult.

The next step in the development of the absorbent core was the use of cellulose fluff, using a hammer or disk mill and a horizontal or vertical flat screen. This was a huge improvement as you were able to ship large quantities of pulp in a highly compressed roll form, which allowed you to make thousands of diapers from every single roll.  The mill opened the fibers, and the fibers were deposited on a moving copper screen, using a chamber under a low vacuum equivalent to around 8 to 12 inches of water. The core needed a tissue wrapping and spray glue in order to transport the pad to the debulker section, as the pad was typically too weak to withstand the pulling forces by itself, without breaking apart.  This pad design used a compression roll at the debulking station, in order to increase the density of the fluff.  It was soon realized that you were able to improve diaper wet strength and integrity by giving it a diamond shape or a similar pattern during compression. 

Why was this a good idea and yet, at the same time, it was a bad option?  An easy way to understand that is to watch the effect that high density has on cellulose fibers.  The lower the density of the fluff, the easier (and faster) it is for the fibers to suck up liquid. What we call “the strike trough time” is almost immediate if the density is low. On the other hand, if density is too high, liquids are not absorbed as quickly by the cellulose.  This is mainly because there is less void space between the fibers and the liquid moves fast along the compressed lines before it is absorbed (capillary pressure and movement of liquid increase as the capillarity becomes smaller).  The simple compressing of the fluff helps to spread the liquids into a larger area, before the fibers are fully saturated, but unfortunately it also results in liquids leaking out of the pad quickly, all the way to the edges. This was typical of many core designs of that time which created a compressed pattern all the way to the edges.
The next step in pad technology was the change of the vertical screen because it had too much friction associated to its operation and it was also a fire hazard, the vertical screen was changed to a rotating screen drum.  The addition of the drum helped to increase the vacuum, without creating excessive friction. Typical vacuums of about 15 to 25 inches of water were used.  Even today we can still see many brand new diaper machines made with this simple flat screen drum design.

It was soon realized that you could just as easily have a wider pad, using the same technology, and then cut a longitudinal piece of it with a circular knife, in order to create a double layer of fluff positioned in the center of the pad.   This design reduced the basis weight at the edges of the pad and increased the capacity of the center at the same time, making it more comfortable for the babies while walking or sleeping. We have to remember that before the use of SAP, diapers had to be very thick in order to remain effective for extended times between diaper changes at night. Baby diapers with more than 60 grams of fluff for night usage were not uncommon during the 80’s. Typical density at that time was around 0.11 to 0.13 grams per cubic centimeter. One of the advantages of using fluff was the excellent wicking that ensured almost full utilization of the diapers before they leaked. However, they had to be extremely bulky to achieve anything close to the liquid holding capacity that we have in modern diapers.

In order to reduce the effect of the very thick pad at the crotch, new pad designs using drum pockets with a shaped hourglass design replaced the original flat screen. This also helped to increase diaper pad area without sacrificing diaper fit at the legs. 

The revolution that came with the use of SAP forced many changes in pad design.  The first problem was that the super absorbent was not good at moving liquids.  The first generations of SAP provided an excellent way of holding liquids under pressure and to reduce diaper volume but, unfortunately, they were actually very bad at moving or spreading liquids after they were saturated.  The first timers were faced with a brand new problem, which was called “Gel block” and it meant that you could end up with a leaking diaper even when half of the diaper was totally dry or unused.  This meant wasting lots of raw materials.  Something that helped to avoid leaking of liquids was the addition of a leg cuff, which was introduced at that time.
One of the first changes in pad design came in at the debulking station.  The use of a diamond shaped pattern was a terrible choice when using the first generation SAPs. Why was this a problem? The high density lines created by the embossing pattern made the SAP to “gel block” and stop the liquids from moving any farther. When the SAP in the mix is high, because of the abrasive nature of SAP, it made it almost impossible to cut the pad with a circular knife, as it was being done by many vertical screen formers that are still in use.  This process had to be changed.  In order to avoid the problem, the easy way out was to remove the diamond shaped pattern in the compression roll and replace it with a simple flat mirror surface or a one step roller.   

   Another temporary solution to the problem was the use of an intermittent SAP gun inside the drum former. This gun was used in order to control the position of the SAP, using a pneumatic valve and a sophisticated timer.  This method of applying the SAP had several problems. On one hand, the abrasive nature of SAP made this material difficult to handle with a high speed clicking valve. There were several maintenance problems resulting from its use. In addition, it was difficult to actually see the position and the placement of the SAP in the finished product.  In many cases the SAP ended in the wrong position, before it was possible to take corrective actions.  Most diaper producers removed the embossing pattern and replaced it with a flat compression roll and even several years after the SAP problem was corrected with the use of very effective surface cross linkers, most diaper factories have not returned to the original compression rolls with the embossing pattern, though this action may provide a few measurable benefits today.

Modern Cores, 3-Dimensional Pads and Acquisition Distribution Layers:

Another alternative to the use of SAP guns and timers was quickly developed.  The update implied changing the flat drum pockets to use of tri-dimensional (3-D) pockets.  There was an obvious advantage here.  Instead of trying to place the SAP in a particular location with a mechanical cycling gun inside the drum, the whole pad was first homogeneously blended in the drum former and then the pocket was filled with the mix, with more material at the target zone (basically the center and front of the diaper) and less material at the back and lateral ears.  A small density gradient in the vertical axes was also possible, adding a small area of virgin pulp near the top of the pad (close to the topsheet) and a homogeneous mix at the bottom. Unfortunately this design was limited by the flow characteristics of the fibers under vacuum. 
 Independent of the depth of the pocket at the target zone, the filling of the pocket with the mix of SAP and fluff was a function of the differential pressures within the pocket. Once equilibrium was reached, the thickness of the pad did not conform to the depth of the pocket. Basically this meant that it was very difficult to get a basis weight variation of more than 20 to 25%, when comparing the front and the back, using typical drum former vacuums.  The basis weight variation was limited to about 45% even at very high energy consuming vacuum creation facilities with special scarfing units.   Of course the solution to this problem was to use a secondary drum former to place a pad on top of the other and, in some extreme cases, I have heard that even a third drum has been attempted.  If you added drums to mills instead of one, you could gain higher diaper core flexibility by choosing different pulp properties and SAP mixtures for each section, for example using regular pulp on one mill and mechanically treated pulp on another).
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Now let’s stop for a minute before we continue and think why we want more absorbent material at the front of the diaper, instead of an even distribution over the whole pad.  Let us also re-think if it made any logical sense to have very thin front ears as most 3-D single and double drum former pocket designs had suggested in the past.   As I have already mentioned, there are plenty of modern diaper designs that use the flat pad approach today.  I have tested more than 150 brands of diapers covering baby and adult incontinence usage from all over the world in the last year alone.  More than 80% of them use a regular flat pad with less then 10% basis weight variation; in other words, the difference between pad weight in the front and the back of the diaper is basically unchanged.  Fewer adult diapers, than baby diapers, actually use a pad weight variation along the whole length of the pad.  I have defined the 3-D index as the average ratio between the pad weight in the front and the middle part of the diaper against the pad weight on the back side of the diaper.  The pad symmetry index is basically the difference between the weights at the left side in comparison to the weights at the right side of the pad and correlates to process control capabilities.  

Table 1

	Brand
	Location
	Free Swell Capacity
	Ret. Capacity (ml)
	2nd Rewet (ml)
	3rd Rewet (ml)
	ADL (GSM)

	
	
	
	
	
	
	

	Pampers Baby Dry
	Norway
	501
	440
	0.025
	2.9
	61

	Livero
	Sweden
	614
	476
	0.2
	6.3
	62

	Pampers Active Fit
	Sweden
	543
	484
	0.05
	0.58
	62

	Helen Harper
	Czech. Rep
	582
	430
	0.76
	8.6
	***

	Albert
	Czech. Rep
	623
	462
	0.5
	7.61
	***

	Pampers Baby Dry
	Netherlands
	545
	414
	0.05
	4.91
	63

	Kruidvat
	Denmark
	655
	511
	0.41
	3.2
	52

	Mamy Poko
	Japan
	690
	562
	0.44
	7.98
	34

	Pampers (Prem?)
	China
	469
	402
	0.09
	8
	71

	Parents Choice
	US
	634
	506
	0.91
	8.05
	39

	Luvs
	US
	447
	393
	0.78
	5.3
	73

	Target Baby Diapers
	US
	513
	404
	0.22
	8.2
	36

	Pampers Cruisers
	US
	482
	434
	0.06
	6.12
	69

	Huggies Supreme
	US
	529
	427
	0.35
	7.3
	64

	HEB
	US
	681
	526
	0.1
	2.1
	45

	Whitecloud
	US
	459
	370
	0.24
	7.43
	37

	Pmpers Baby Dry
	US
	474
	424
	0.11
	8.3
	69

	Pampers Feel & Learn
	US
	573
	371
	7.2
	Saturated
	65

	Anerle Slim & Comf
	China
	567
	518
	0.07
	7.02
	41

	Anerle 
	China
	531
	436
	0.06
	6.04
	39

	Pampers (Econ)
	China
	491
	411
	6.37
	Saturated
	47

	Fitti Basic
	China
	451
	324
	8.2
	Saturated
	0

	Soft Tails
	Mexico
	678
	549
	2.57
	7.91
	30

	Huggies Ultra Comfort
	Mexico
	442
	402
	0.66
	8.4
	60

	Pampers Total Protect
	Mexico
	431
	386
	0.29
	8.5
	62

	Pampers Basico
	Mexico
	450
	298
	1.94
	8.95
	62

	Beben Ultra Soft
	Mexico
	377
	302
	7.25
	Saturated
	0

	Suavelastic
	Mexico
	602
	455
	3.1
	8.43
	65

	Bebetines Clasicos
	Mexico
	435
	352
	8.35
	Saturated
	0

	Huggies Clasic
	Ecuador
	377
	286
	4.9
	Saturated
	48

	Huggies Luggies
	Ecuador
	498
	400
	0.53
	4.7
	50

	Winner
	Ecuador
	289
	230
	10
	Saturated
	0

	Huggies Dry
	India
	456
	340
	8.5
	Saturated
	15

	Super Al Jamil
	Oman
	452
	359
	1.8
	Saturated
	15

	Wippro
	India
	535
	386
	0.44
	8.5
	19

	Teddyy
	India
	531
	391
	8.6
	Saturated
	25

	Pampers
	Saudi
	379
	289
	8
	Saturated
	0
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3D Index for selected diaper brands:
	Kruidvat
	Denmark
	0%

	Libero
	Norway
	5%

	Active Fit
	Sweden
	98%

	Baby Dry
	Netherlands
	80%

	Euroshopper
	Czech Rep.
	71%

	Etos Blise
	Netherlands
	-7%

	Baby Dry
	US
	83%

	Huggies
	US
	43%

	Wipro
	India
	3%

	HEB
	US
	17%


The next set of photos shows the difference between typical flat absorbent cores and the highly variable pad basis weight of the most sophisticated baby diaper brands.  Notice how easy it is to identify the high weight geometry when you look at the top against light. Table No.1.shows some basic performance variables for some diaper brands.  
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Wipro India,  3-D Index= 3%
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Libero Sweden/Norway 3-D Index=5%   
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HEB Texas,  3-D Index= 17%
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Huggies Luggi  Ecuador  3-D Index=24%
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WhiteCloud US  3-D Index=72%
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Pampers China, 3-D Index=73%
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Luvs US, 3-D Index= 92%
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Pampers Baby Dry Europe, 3-D Index=98%  June 2006
When a diaper is being used, either by a baby or by an adult, the corresponding pressures on the pad are a function of the specific diaper location, in relation to the user’s anatomy.  These average and peak pressures are also related to some specific environmental issues that I will explain later.    It is easy to imagine a baby that sits on its buttocks. The same goes for an adult. It is obvious that the diaper will be subjected to higher pressure at the buttocks, compared to the front or the stomach.   This also happens when we carry a child in our arms or when a baby is learning to walk, using a trainer.  In the first case, the higher pressure will be concentrated on the buttocks, at the back of the diaper, and in the second, near the crotch, slightly to the back of the diaper.   Look how interesting it is to see that the modern multi-density pads that I talked about are almost a perfect match to the hydraulic pressure requirements within the core.  It is like a black and white negative when you take a picture.  The corresponding low pressure areas perfectly match the high basis weight pad zones and when the pressure is high in the diaper, the amount of absorbing material is less.  Why would you build your reservoir in the most adverse location if you can avoid it?
Why most diaper producers have chosen to use the simple “flat pad” approach?   Where is the logic?  There are several factors why these pads are used: lower equipment cost, smaller diaper machine length (avoiding the need of a secondary drum), and lack of awareness regarding the implications of this pad at equal core performance are probably the main reasons.  Does this mean that a flat diaper core will have less performance than a core with a basis weight gradient?  No, it only means that a flat core will probably be more expensive than the other for the very same diaper pad performance.   The only real advantage that diaper producers have with this flat design, and they have not used it so far, is that the extra material in the back will help to cushion babies when they fall down.  I believe it should be used as a marketing claim by all of them.

What happens when you test a typical homogeneous blend core made on a flat pocket on a baby or on an adult user?   The very first thing you will notice is that when the diaper is fully used, there is more leakage at the front of the diaper, in comparison to the back. Even with use of leg cuffs and waist elastic, you continue to see the same problem.    What have we done in the past to help with this problem?  In most cases we have added acquisition layers or sophisticated ADLs, not only to increase void space in highly compressed diapers but also to help move the liquid from the front to the back of the diaper, in order to have a better use of the whole diaper core.   This of course will offer some improvement in total retention capacity for the user though, as we will see later, it also adds some unexpected limitations.  Do not get me wrong. I am clear that use of an ADL is no longer an option in most modern diapers; it is an obligation. Yes, you need to buy more nonwovens and this new trend will make all nonwovens’ suppliers happy.

Let us start by understanding the use of acquisition distribution layers (ADLs).   I have seen two extreme situations of misuse and abuse of ADLs that help me explain their need.  As the loading of SAP in the mix is increased, the density is also increased and the fluid in-take properties of the blend are reduced (much less void space).  This translates into very high acquisition times and a huge dependency on the sealing characteristics of the total diaper design or, in other words, on how good the diaper fits the user.  A small failure in the physical seal at the legs or the waist and the diaper will leak because it takes several seconds for the SAP to absorb the pool of liquid inside and this may happen even at low volumes, irrespective of the theoretical capacity of the diaper.   In all these cases you are basically forced to use an ADL to compensate for the low liquid in-take properties and to improve the actual rewetting in the diaper by separating the wet mass from the skin, especially while under pressure. Having this density gradient with low density near the skin and higher density at the bottom helps to move liquids and, at the same time, remove humidity on the surface. If you try to simulate the same result by using only pulp at the top and a mix of blended SAP at the bottom without an ADL, you will soon see that your rewets are quite poor.   An example of the abuse of the ADL is when a diaper design ends up using an ADL even when the SAP loading is quite low and the pad density is also low - one situation being when the SAP in the mix is less than 15% by weight or the pad density is below 0.12 grams/cubic centimeter.  In this case, it is always more beneficial to the performance of the diaper to translate the additional cost of the ADL into more SAP, even at the same total cost.  I found one extreme case when I tested a Middle East diaper using a 35 GSM coarse denier ADL and having less than 3 grams of SAP in the mix, which translated into less than 11% by weight.  The other extreme case was in China, where an ADL was required but it was not used; it had almost 40% of SAP in the mix and used only a sublayer made of colored Spunbond of 15 GSM (not a true ADL). 

How much ADL to use:

    Table 1 shows the amount of ADL used by different diaper producers in different parts of the world.  The table shows the GSM used in each diaper brand.  One thing you should keep in mind is that not all ADLs are made the same way.  Some of the best ADLs are made by the T.A.B. process, which provides excellent rewet properties in comparison to other ADLs at the same GSM, but you have to pay the price. Others use coarse denier Spunbond that adds good value for money while some other producers use resin bonded nonwovens for a lower cost, which is ideal for the economic segment. A few use regular Spunbond or even thermal bond.  In some cases a synthetic material or a mechanically treated pulp has also been used in combination with the ADL, such as the curly fiber used as an upper pad by P&G on their diapers, or the commercial equivalents used by Ontex, which also use double drum formed pads.  A few diapers use cellulose acetate as an alternative to pulp.  One good property of acetate is its high free swell capacity and, at the same time, its liquid retention is extremely low when under pressure, which translates into dry diaper rewets at the top surface.
One interesting correlation that can be shown is the fact that as you increase the SAP in the mix, you end up having to use a better ADL with higher GSM.   The table also shows us some misuses and abuses, as I have previously explained.  If you want a complete diaper analysis report for any diaper brands, please contact me directly. 

[image: image11.jpg]


  [image: image12.jpg]



                 ADL’s used on Size 4 diapers                 300X Microscopic view of Pamper’s ADL
Difference between real absorbency and perceived absorbency:

        As a parent, the most important property that you are looking for in a diaper is that the diaper should not leak.  One of the nightmares is to wake up in the morning and find your baby with a wet cradle and wet sheets or, even worse, to be awakened by a crying baby in the middle of the night because the diaper is totally wet.  If you are a user of an adult incontinence product, you will not excuse its performance if you ended up wetting your clothes or the bed where you sleep.  For an active adult wearing a diaper, a leak is quite an unfortunate event. Besides, you will not be happy if it makes you feel uncomfortable.  Most premium diapers will perform fine without any leakage under normal usage; most premium baby diapers have already been able to achieve a 1% or less leakage level.  What happens when the diaper does not leak? What is the perception of absorbency?  Well, we have seen many times and have been able to actually prove, in head to head diaper performance comparisons, that when two diapers do not leak, mothers have a preference for the diaper that feels drier to the skin of the baby.  Another reason for this preference is that there is a correlation between the baby’s comfort and how dry the diaper is at the surface. This also translates into better nights for the baby and for the parents.  The same happens with an adult incontinence product.  The drier it makes you feel, the better it will be perceived by the user.  Independent of the actual capacity of the diaper, it will be perceived as more absorbent if it feels drier.  

A highly breathable diaper may be more comfortable during the day, especially during hot days, but it will feel much cooler during the night and this may not be the best for a diaper user. The more breathable a diaper is, the drier its surface has to be, to avoid the uncomfortable feeling of the skin while in contact with a surface which has become cooler from evaporation of water. In thermodynamics, it means temperature reduction.   Just remember how bad it feels to keep a wet swimming suit and then put on your clothes on top.  Sooner than later, you will have to remove the wet suit because you can not stand the feeling of the cold skin. All this means you should be ready to improve your diaper rewets before you change to a breathable film.  If you think a breathable diaper will help to dry itself and make it feel drier, let me tell you that even after using the highest breathable films, they are still limited to about a 4% weight variation after 24 hours.

After testing thousands of diapers over the years with home studies and using day care facilities, I can summarize the results with the following statement: Diapers with the highest leaks in percentage terms are perceived as the least absorbent (independent of the theoretical laboratory capacity); when two diapers have similar leakage numbers, within a 1 to 2.5 % difference between each other, diapers that feel drier to touch are perceived as more absorbent (the one with the best surface rewet).  Finally, when two diapers have similar leakage levels and have been rated with similar “dry feel levels,” the one with the best features is perceived as being more absorbent even if the features have nothing to do with absorbency.  If the maximum expected capacity under load for a particular diaper size is 420 ml with a 99% probability, it makes absolutely no sense to design it for 600 ml; doing it will waste precious money that you could have used for improving surface dryness (which is more critical to perceived absorbency) or other features. The consumer will not consider the higher capacity as something better but will appreciate any added features or benefits.  There are many diaper factories out there who wrongly believe that a higher “free swell” capacity will be perceived as a higher absorbing capacity; many of them end up with a bad performing and highly overpriced design.

How much absorbency is enough?

In diapers, there is no such thing as an extremely dry diaper.  Because a diaper is used externally, there are no risks associated to the use of a very dry or extremely dry diaper.  In fact, the drier it is, the less contact the skin will have with humidity; we all know it could be quite toxic when the urine is allowed to decompose.  Diaper rash has been more frequently associated to damage to skin resulting from extended contact with high humidity than anything else, the only exceptions being certain highly allergic perfumes and a few oils used to clean the machines. 

It is a fact that diapers have an effect on the potty training of the babies.  The more efficient the diaper is at taking and retaining liquids under pressure, the longer it will take for the child to learn to potty train.  If you are a baby, why would you be motivated to potty train if you are so comfortable with your diaper?  A typical baby is ready to potty train at about 16 to 18 months of age, with a few exceptions.  Most babies in underdeveloped economies learn how to potty train months before they are two years of age.  Compare that figure with current babies in developed markets.   We all have to be aware that although there could be an argument regarding the proper age to potty train a baby, there cannot be a debate on whether a good disposable diaper will bring happiness and peace of mind to the baby and the parents. This is something quite appreciated by everybody, more at the middle of the night, as I have said earlier.

Some diaper companies have started to use an absorbency delay feature in order to allow the child to feel the wetness (for example a hydrophobic zone), at least as marketing claim.  The problem is that you can not afford a long delay before absorbency or you will have to accept the risk of a potential leak.  In addition, no one wants to be disturbed at the middle of the night by a crying baby.  I think this will be more practical for day time usage, though I am not fully convinced that the overall effect of a diaper that is “not comfortable” for a few more seconds is really going to solve the problem of delayed potty training, unless the parents spend some time on this activity.  Who knows, the baby may even like the feeling!  If you really wanted to help your child to feel he or she is wet, you can also buy a cheap diaper brand instead and save the money. You will get basically the same effect.

Differences between laboratory testing and actual usage tests:

If we want to maximize diaper absorbency perception, what tests should you do in order to optimize the absorbent core?   Many diaper factories use simple tests for the absorbent core. These tests include: free swell capacity, total capacity under different loads, strike through time, surface rewets, diaper breathability and pin hole tests. More sophisticated labs also use an acquisition tester and a wicking tester, either one dimensional or contoured. Of course there are also labs specifically designed to impress visitors, i.e. labs that use the equipment only when they have a visitor. Since none of you have them, I am not going to talk about these “science fiction” labs.  The problem with perceived absorbency is that no single test translates into better perceived performance, but a combination of tests and a keen perception will give you an answer.

There is nothing wrong with using simple laboratory tests when you use them in a standard way.  Many small labs do not use even saline water at a fixed temperature; instead, they allow the temperature to change according to the season. It is no surprise to find in their records a better diaper performance in summer, in comparison to winter, for exactly the same diaper specifications. Same precautions should also be taken if you are planning to use regular tap water instead of distilled water especially if you know that the mineral content may change with seasons and, of course, this will have an effect on SAP performance.  It is hard to believe but many small diaper factories still rely on free swell capacity for bench marking core design when this test by itself has almost no correlation with consumer satisfaction, yes this is the second time I say it.  If you are going to measure capacity, it is much better to at least measure it under pressure, using a pressure that simulates typical pressures exerted by the user (remember the pressure map I have already discussed).  You do not need sophisticated equipment to improve your diaper core, though the more equipment you have available in your lab, the better would be the chances of understanding the process. Yes, you also need to buy lab equipment; learning costs money!  On the other hand, you can have the very best computerized equipment and fancy servo motors inside a programmable walking mannequin but unless these plastic dolls can jump and seat and sleep and roll and cry and even smile like a real baby, the results are going to be great for mannequins … not for humans.
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In general terms, equipment designed to test a single variable, like a retention tester a rewet tester, or a total capacity test, help us to understand a particular variable fully. The more sophisticated the laboratory equipment you use, probably the less would be the chances of you knowing which variable generated the problem. Many variables together achieve the total diaper performance. 

On the other hand, using simple equipment, most of the times, tells you about only one dimension to a problem.  That is why it is important to keep an open mind. Use the fancy laboratory equipment to test the theories but always confirm them with the market before you make a change in specifications.   You should not try a shortcut here. I know shortcuts can be extremely painful.  Creating any brand recognition is a difficult process that takes time and money; loosing it is very easy and it takes basically no time at all.  If you are going to change your pad design, you better test with babies or real adults to make sure you are moving in the right direction.  Remember that perception many times has little to do with laboratory reality.

If you want to improve your diaper core performance, you first need to make sure that your product will have enough capacity under typical loads to avoid potential leakages, at least within a desired probability.  This probability depends on the market segment where you want to position your product and the particular chassis that you use.  You want to make sure you can achieve your goal at the minimal possible cost; it is very likely you will have to experiment with improved diaper core designs in terms of basis weight gradients, SAP mix ratios and ADL’s.. Once you have achieved this goal, you should concentrate on ways to reduce surface wetness, instead of improving the capacity any further, among other things, by experimenting with different ADLs.  Finally, you must optimize your total costs in order to be able to add any other features which, as I said before, have an effect on the perception of absorbency even when they may have nothing to do with fluid acquisition.

Mathematical modeling:

If reducing diaper leakage is the very first priority for improving diaper core performance, how can we make sure we will meet the required capacity under load?  It is not easy but I can assure you that it can be done.  For every diaper design there is a corresponding mathematical correlation between diaper capacity under load (which I will call “retentive capacity”) and the probability of leakage. The mathematical expression changes with the chassis and some key diaper features, such as leg cuffs, better fit elastics and diaper pad density gradients. This mathematical expression has some fascinating behaviors.  For example, at lower capacities, it is typical for retentive capacity to have a linear correlation with the probability of leakage. However, as the retentive capacity gets higher, it soon becomes exponential.   This helps to understand the obvious economical limitations between diaper cost and diapers with absolutely no leakage.  Most diapers in underdeveloped countries can improve in terms of diaper leakage with a simple adjustment of the mix between SAP and pulp at the same total cost.  Many of them require a simple adjustment of the ADL.

To build a mathematical model, you must test diapers with actual users; the more diapers you use, the more reliable the equation will be.  It is my experience that a good reliable mathematical expression requires 10,000 diapers or more, though a good approximation can be achieved by using as low as 1,000 diapers.   One thing to keep in mind is that the users must be representative of the population in terms of size and fit, especially for the specific weight range for each diaper design. You also need to have a standard methodology for collecting diapers and to identify the leakage problems. Diapers that are changed because of feces rather than liquid saturation have to be removed from the results to avoid unnecessary noise. Table 2 shows a small sample of data collected for a particular baby diaper design using a large size diaper.  The actual mathematical expression used more than 30,000 data points, so it was actually a very accurate representation of what we may expect in terms of probability of leakage versus retention capacity for that particular diaper design.  Table 3 shows a summary of retentive capacity versus probability of leakage and Figure 3 shows the corresponding curve.   Take a closer look and you can see that the curve is almost a straight line when the retentive capacity is low and look how it changes as the capacity moves higher.  You can also see how easy it is to improve diaper performance in terms of additional cost (added retentive capacity) when you are on the left of the graph and the huge difficulties you face for any diaper improvement when you are reaching the lowest numbers.   I have been able to see that a change in diaper chassis, for example, by using a variable pad basis weight along the pad or the use of an ADL or other low density alternatives along the vertical axis near the top of the pad, have an important effect on total manufacturing cost, as well as performance. I have seen pads made by some of the leading companies in the world, having similar performances but made at much lower costs than those made by their local competitors.   I have also seen leading world companies selling some of the most terribly performing pad designs when they sell in underdeveloped markets, sometimes even using the same brand name. Such displays of overconfidence make you wonder.    

What is important for you to do is to check whether or not you can justify diaper equipment upgrades in exchange for improved pad performance.  I believe most of the times you will be pleasantly surprised, though your machine operators may not agree with you in the very beginning.  You should question the validity of moving liquids to the back of the diaper when it is precisely this zone where the diaper is subjected to the highest pressures.   The very worst thing that you can do is to stay with your current pad design and do nothing. In my personal opinion, I do not believe you will be able to survive competition.  
Table 2
	Weight of Urine (ml)
	Weight of Baby (KG.)
	No. of Hours
	Urine/Hour

	135.00
	10.6
	11
	12.3

	189.40
	11.8
	6
	31.6

	48.30
	9.5
	4
	12.1

	146.00
	10.6
	6
	24.3

	152.40
	10.6
	12
	12.7

	54.10
	11.5
	3
	18.0

	118.10
	10.6
	4
	29.5


Table 3
	Probability for a leakage ** (For a particular diaper chassis)

	Retentive Capacity (ml)
	Medium
	Large

	550
	0.0%
	0.0%

	500
	0.2%
	0.3%

	450
	0.6%
	1.0%

	420
	1.2%
	1.6%

	400
	1.6%
	2.3%

	390
	1.9%
	2.8%

	380
	2.2%
	3.2%

	370
	2.5%
	3.5%

	360
	2.9%
	4.0%

	350
	3.2%
	4.3%

	340
	3.7%
	5.1%

	330
	4.1%
	5.8%

	320
	4.7%
	6.6%

	310
	5.3%
	7.3%

	300
	5.9%
	8.0%

	290
	6.7%
	9.2%

	280
	7.4%
	10.1%


You have to be aware that these results represent the performance for a very specific diaper chassis.  I have been able to observe some changes on the curve when you modify the diaper chassis, for example if you improve your diaper fit or change the ADL.   A very interesting behavior happens when you make a mathematical model for a diaper without leg cuffs and then compare against the same diaper with leg cuffs; another interesting pattern is when you compare diapers with waist elastic and without them.  There is no significant improvement unless the elastic is acting against the waist of the baby.  The height of leg cuffs is another factor 
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(**) for a diaper chassis with 3 cm height leg cuffs, waist elastic, 3D-Index=25% and 30GSM ADL.  The shape of the graph may change with chassis features.  If you need help preparing your own math model, please let me know.
Conclusions:

       We have seen some significant differences between pad designs made by some of the leading global companies and many of their local competitors. We have also seen that having an internationally recognized brand name is no guarantee that a diaper is a good performing product.  We have also seen that perception has little to do with laboratory reality, especially when it has to do with the assumption that more free swell capacity will always translate into better absorbency by the user.  There is always a corresponding mathematical expression correlating diaper leakage with retentive capacity.  Using it will help us forecast diaper leakage an optimize capacity for each diaper design.  Once we have been able to achieve the target leakage number, the focus has to be rewets and fit.
A good diaper company is the one that has understood that R&D is the most precious activity and an activity that one can afford.  A good company is one that is committed to incorporate market requirements into its product design, with a solid budget in terms of percentage of sales and not just in terms of a rhetorical philosophy. A good company learns to move quickly and always in the right direction.

This is an industry that takes simple materials in roll form and converts them into sophisticated elasticized products. That is one reason why many diaper factories end up having what I call “little Gods”; these are the people that actually believe they know everything there is to know, or believe no one has anything better to offer than what they can do by themselves.   Every diaper factory has its own “little Gods,” irrespective of its size.  The only exception is when the factory has already survived a few crises and has experienced the effects of getting outside help.  In this dynamic industry, you can not afford to get infected by the “little Gods” syndrome. A “little God” will never accept outside help because they are always self sufficient, they are always afraid that someone will learn from them and take their sophisticated know-how, rather than the other way around. 

There are many diaper factories that share the same common enemies.  Take advantage of synergies. It is through a collective effort, with cooperation, that you can improve your chances of getting better profits and long term survival.  Be careful about your own internal “little Gods,” especially when the company is loosing margins or market share or already at a loss.  There are plenty of senior engineers living in early retirement, many after decades of dedication to the diaper industry; most of these individuals will generate important savings for your company. There are people out there who can help you remove your mental boundaries; give them a chance. Make friends, not all your perceived enemies are really your enemies. 
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