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ANNALS OF TECHNOLOGY

SMALLER

The disposable djga and the meaning ofirogess.

BY MALCOLM GLADWELL

he best way to explore the mystery
of the Huggies Ultratrim dispos-
able diaper is to unfold it and then cut it
in half, widthwise, across what is known
as the diaper’s chassis. At Kimberly-
Clark’s Lakeview plant, in Neenah,
Wisconsin,where virtually all the Hug-
gies in the Midwest are made, there is
a quality-control specialist who does
this all day long, culling diapers from
the production line, pinning them up
against a lightboard, and carefully dis-
membering them with a pair of scissors.
There is someone else who does a “vi-
sual cull,” randomly picking out Hug-
gies and turning them over to check for
flaws. But a surface examination tells
you little. A diaper is not like acomputer
that makes satisfying burbling noises
from time to time, hinting at great inner
complexity. It feels like papery under-
wear wrapped around a thin roll of Cot-
tonelle. But peel away the soft fabric
on the top side of the diaper, the liner,
which receives what those in the trade
delicately refer to as the “insult.” You'll
find a layer of what’s called polyfilm,
which is thinner than a strip of Scotch
tape. This layer is one of the reasons the
garment stays dry: it has pores that are
large enough to let air flow in, so the di-
aper can breathe, but small enough to
keep water from flowing out, so the di-
aper doesn't leak.
Or run your hands along that liner.
It feels like cloth. In fact, the people at
Kimberly-Clark make the liner out of a
special form of plastic, a polyresin. But
they don't melt the plastic into a sheet,
asone would for a plastic bag. They spin
the resin into individual fibres, and then
use the fibres to create a kind of micro-
scopic funnel, channelling the insult to-
ward the long, thick rectangular pad that
runs down the center of the chassis,known
as the absorbent core. A typical insult ar-
rives at a rate of seven millilitres a sec-
ond, and might total seventy millilitres
of fluid. The liner can clear that insultin

less than twenty seconds. The core can
hold three or more of those insults, with
a chance of leakage in the single digits.
The baby’s skin will remain almost per-
fectly dry, and that is critical, because
prolonged contact between the baby and
the insult (in particular, ammonium hy-
droxide, a breakdown product of urine)
is what causes diaper rash. And all this
will be accomplished by a throwaway
garment measuring, in the newborn size,
just seven by thirteen inches. This is the
mystery of the modern disposable dia-
per: how does something so small do
so much?

hirty-seven years ago, the Sili-

con Valley pioneer Gordon Moore
made a famous prediction. The number
of transistors that engineers could fit
onto a microchip, he said, would double
every two years. It seemed like a fool-
hardy claim: it was not clear that you
could keep making transistors smaller
and smaller indefinitely. It also wasn't
clear that it would make sense to do so.
Most of the time when we make things
smaller, after all, we pay a price. A smaller
car is cheaper and more fuel-efficient,
and easier to park and maneuver, but it
will never be as safe asa larger car. In the
nineteen-fifties and sixties, the transistor
radio was all the rage; it could fit inside
your pocket and run on a handful of bat-
teries. But, because it was so small, the
sound was terrible, and virtually all the
other mini-electronics turn out to be
similarly imperfect. Tiny cell phones are
hard to dial. Tiny televisions are hard to
watch. In making an object smaller, we
typically compromise its performance.
The remarkable thing about chips,
though, was that there was no drawback:
if you could fit more and more transis-
tors onto a microchip, then instead of
using ten or twenty or a hundred mi-
crochips for a task you could use just
one. This meant, in turn, that you could
fit microchipsin all kinds of places (such



Diapas are like miaochipsin that they got better as they got smaller.

as cellular phones and laptops) that you
couldn't before, and, because you were
using one chip and not a hundred,com-
puter power could be had at a fraction of
the price, and because chips were now
everywhere and in such demand they
became even cheaper to make—and so
on and so on.Moore’s Law, as it came to
be called, describes that rare case in
which there is no trade-off between size
and performance. Microchips are what
might be termed a perfect innovation.
In the past twenty years, diapers have

got smaller and smaller, too. In the early

= eighties, they were three times bulkier
% than they are now, thicker and substan-
= tially wider in the crotch. But in the mid-
2 eighties Huggies and Procter & Gam-
% ble's Pampers were reduced in bulk by

fifty per cent; in the mid-nineties they
shrank by a third or so; and in the next
few years they may shrink still more. It
seems reasonable that there should have
been a downside to this, just as there was
to the shrinking of cars and radios:how
could you reduce the amount of padding
in a diaper and not, in some way, com-
promise its ability to handle an insult?
Yet, as diapers got smaller, they got bet-
ter, and that fact elevates the diaper
above nearly all the thousands of other
products on the supermarket shelf.
Kimberly-Clark’s Lakeview plantisa
huge facility, just down the freeway from
Green Bay. Inside, it is asimmaculate as
a hospital operating room. The walls and
floors have been scrubbed white. The
stainless-steel machinery gleams. The

employees are dressed in dark-blue pants,
starched light-blue button-down shirts,
and tissue-paper caps. There are rows of
machines in the plant, each costing more
than fifteen million dollars—a dizzy-
ing combination of conveyor belts and
whirling gears and chutes stretching as
long as a city block and creating such a
din that everyone on the factory floor
wears headsets and communicates by
radio. Computers monitor a million data
points along the way, insuring that each
of those componentsis precisely cut and
attached according to principles and
processes and materials protected, on the
Huggies Ultratrim alone, by hundreds
of patents. At the end of the line, the
Huggies come gliding out of the ma-
chine, stacked upright, one after another
in an endless row, looking like exquis-
itely formed slices of white bread in a
toast rack. For years,because of Moore’s
Law, we have considered the microchip
the embodiment of the technological
age. But if the diaper is also a perfect
innovation,doesn't it deserve a place be-
side the chip?

he modern disposable diaper was

invented twice, first by Victor Mills
and then by Carlyle Harmon and Billy
Gene Harper. Mills worked for Procter &
Gamble, and he was a legend. Ivory
soap used to be made in an expensive
and time-consuming batch-by-batch
method. Mills figured out a simpler,
continuous process. Duncan Hines cake
mixes used to have a problem blend-
ing flour, sugar, and shortening in a con-
sistent mixture. Mills introduced the
machines used for milling soap, which
ground the ingredients much more
finely than before, and the result was
New, Improved Duncan Hines cake
mix. Ever wonder why Pringles, unlike
other potato chips, are all exactly the
same shape? Because they are made like
soap: the potato is ground into a slurry,
then pressed,baked, and wrapped—and
that was Victor Mills’s idea, too.

In 1957, Procter & Gamble bought
the Charmin Paper Company, of Green
Bay, Wisconsin, and Mills was told to
think of new products for the paper
business. Since he was a grandfather—
and had always hated washing diapers—
he thought of a disposable diaper. “One
of the early researchers told me that
among the first things they did was go
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out to a toy store and buy one of those
Betsy Wetsy-type dolls, where you put
water in the mouth and it comes out the
other end,” Ed Rider, the head of the
archives department at Procter & Gam-
ble, says. “They brought it back to the
lab, hooked up its legs on a treadmill to
make it walk, and tested diapers on it.”
The end result was Pampers,which were
launched in Peoria, in 1961. The diaper
had a simple rectangular shape. Its liner,
which lay against the baby’s skin, was
made of rayon. The outside material was
plastic. In between were multiple layers
of créped tissue. The diaper was attached
with pins and featured what was known
as a Z fold, meaning that the edges of
the inner side were pleated, to provide a
better fit around the legs.

In 1968, Kimberly-Clark brought
out Kimbies, which took the rectangular
diaper and shaped it to more closely fit a
baby’s body. In 1976, Procter & Gamble
brought out Luvs,which elasticized the
leg openings to prevent leakage. But di-
apers still adhered to the basic Millsian
notion of an absorbent core made out of
paper—and that was a problem. When
paper gets wet, the fluid soaks right
through,which makes diaper rash worse.
And if you put any kind of pressure on
paper—if you squeeze it, or sit on it—it
will surrender some of the water it has
absorbed,which creates further difficul-
ties,because a baby, in the usual course of

squirming and crawling and walking,
might place as much as five kilopascals of
pressure on the absorbent core of a dia-
per. Diaper-makers tried to address this
shortcoming by moving from créped tis-
sue to what they called fluff, which was
basically finely shredded cellulose. Then
they began to compensate for paper’s
failing by adding more and more of it,
until diapers became huge. But they now
had Moore’s Law in reverse: in order to
get better, they had to get bigger—and
bigger still wasn't very good.

Carlyle Harmon worked for John-
son & Johnson and Billy Gene Harper
worked for Dow Chemical, and they
had a solution. In 1966, each filed sepa-
rate but virtually identical patent appli-
cations, proposing that the best way to
solve the diaper puzzle was with a pecu-
liar polymer that came in the form of lit-
tle pepperlike flakes and had the re-
markable ability to absorb up to three
hundred times its weight in water.

In the Dow patent, Harper and his
team described how they sprinkled two
grams of the superabsorbent polymer
between two twenty-inch-square sheets
of nylon broadcloth, and then quilted
the nylon layers together. The make-
shift diaper was “thereafter put into use
in personal management of a baby of
approximately 6 months age.” After
four hours, the diaper was removed. It
now weighed a hundred and twenty



