PHYS 19X

No ink required: paper can be printed with
light

February 2 2017, by Lisa Zyga

Light-printable rewritable paper showing a quote by Richard Feynman. Credit:
Wang et al. ©2017 American Chemical Society

(Phys.org)—In an effort to curb the adverse environmental impacts of
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paper production, researchers in a new study have developed a light-
printable paper—paper that can be printed with UV light, erased by
heating to 120 °C (250 °F), and rewritten more than 80 times. The secret
to printing with light lies in the color-changing chemistry of
nanoparticles, a thin coating of which can be easily applied to
conventional paper to transform it into the light-printable version.

The researchers, Wenshou Wang and coauthors at Shandong University
in China; the University of California, Riverside; and Lawrence
Berkeley National Laboratory, have published a paper on the light-
printable rewritable paper in a recent issue of Nano Letters.

"The greatest significance of our work is the development of a new class
of solid-state photoreversible color-switching system to produce an ink-
free light-printable rewritable paper that has the same feel and
appearance as conventional paper, but can be printed and erased
repeatedly without the need for additional ink," Yadong Yin, Chemistry
Professor at the University of California, Riverside, told Phys.org. "Our
work is believed to have enormous economic and environmental merits
to modern society."

Currently, paper production and disposal have a large negative impact on
the environment: paper production is a leading source of industrial
pollution, discarded paper is a major component (approximately 40%) of
landfills, and even recycling paper contributes to pollution due to the
process of ink removal. There is also the issue of deforestation: in the
US, about one-third of all harvested trees are used for paper and
cardboard production.

Working to address these problems, researchers have been investigating
alternatives to disposable paper. One possibility is to take advantage of
the color-switching ability of certain chemicals when exposed to light,
although in the past this approach has faced challenges in terms of
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stability, limited reversibility, high cost, toxicity, and difficulty in
applying the coating to ordinary porous paper.

The light-printable paper developed in the new study improves in all of
these areas, bringing the technology closer to applications, which could
include any medium on which information is printed and needed for
only a short time.

"We believe the rewritable paper has many practical applications
involving temporary information recording and reading, such as
newspapers, magazines, posters, notepads, writing easels, product life
indicators, oxygen sensors, and rewritable labels for various
applications," Yin said.

The new coating consists of two types of nanoparticles: those made of
Prussian blue, which is a common inexpensive, nontoxic blue pigment
that turns colorless when it gains electrons; and titanium dioxide (T10,),
a photocatalytic material that accelerates chemical reactions upon UV
light exposure.
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b At the atomic level, we have new kinds of forces
and new kinds of possibilities, new kinds of
effects, The problems of manufacture and
reproduction of materials will be quite different.
| am, as | said, inspired by the biological
phenomena in which chemical forces are used in
a repetitious fashion to produce all kinds of
weird effects (one of which is the author).

The principles of physics, as far as | can see,
do not speak against the possibility of
‘maneuvering things atom by atom. It is not an

riolate any laws; it is ing, in

npt
principle, that can be done; but in practice, it
hhas not been done because we are too big.
~-Richard P. Feynman
—
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Various samples of the light-printable paper. Credit: Wang et al. ©2017
American Chemical Society

When the Prussian blue and TiO, nanoparticles are evenly mixed and
coated onto paper, the plain unprinted paper appears solid blue. To print
text or images, the paper is exposed to UV light, which photoexcites the
Ti0, nanoparticles. These nanoparticles then release electrons that are
picked up by the adjacent Prussian blue nanoparticles, which turn from
blue to colorless.

Since it's easier to read blue text on a colorless background than colorless

text on a blue background, it's the background rather than the text that is
typically printed by light, turning colorless (although the paper can also
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be "reverse-printed" to show colorless text on a blue background).
Different colors besides blue can also be achieved by using Prussian blue
analogues of various colors.

Once printed, the paper retains its configuration for at least five days
with high (5-um) resolution, and then slowly fades back to solid blue
through oxidation under ambient conditions. To erase the paper more
quickly, the paper can be heated for about 10 minutes to return it to its
solid blue state.

The researchers predict that light-printable paper will be inexpensive
when produced on a commercial scale.

"The light-printable paper is indeed cost-competitive with conventional
paper," Yin said. "The coating materials are inexpensive, and the
production cost is also expected to be low as the coating can be applied
to the surface of conventional paper by simple processes such as soaking
or spraying. The printing process is also more cost-effective than the
conventional one as no inks are needed. Most importantly, the light-
printable paper can be reused over 80 times, which significantly reduces
the overall cost."

Future plans focus on bringing the technology closer to practical use.

"Our immediate next step is to construct a laser printer to work with this
rewritable paper to enable fast printing,” Yin said. "We will also look
into effective methods for realizing full-color printing."

More information: Wenshou Wang et al. "Photocatalytic Color
Switching of Transition Metal Hexacyanometalate Nanoparticles for
High-Performance Light-Printable Rewritable Paper." Nano Letters.
DOI: 10.1021/acs.nanolett.6b03909
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