A 3D Paper-Based Enzymatic Fuel Cell for Selt-

Self-Powered Sensors
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Research Question

How can a low-cost, standalone, self-
powered, disposable biosensor be fabricated
for use in resource-limited areas?

Operating Principle

. Employs glucose
enzymatic fuel cell (EFC)
to combine uPADs with
self-powered sensors
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2. Voltmeter attached over
integrated resistor

. Reading on voltmeter is proportional to glucose concentration
. Concentration calculated via a calibration chart
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. Power generation high enough to sensitively resolve varying
glucose concentration

. Mass-transfer limitations
. Open Circuit voltage (OCV): 240 mV with <2.0% variation

Reservoir

. Whatman #1 Filter Paper

. Wax boundaries printed
with Xerox Phaser Wax
Printer

. Forms microfluidic
pathways

. Removes need for pumps

. Promotes immediate power
generation

Bioanode

. Carbon ink spread through a
stencil

. Glucose Oxidase (GOx)
mixed with chitosan spread
over surface (Liu et. al. 2005)

. Two inlets cut for sample
introduction
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Methods of Fabrication
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Anode Layer Reservoir

Cathode Layer

Air-Cathode

. Nickel deposited on paper

. Activated carbon in binder
solution (DI water, Nafion

,

solution, isopropanol) (Lee
and Choi, 2015)

. Completes redox reaction
with atmospheric O.

. Air-cathode never before

'\ used in EFCs

Assembly

. Copper tape pressed over

electrode leads

Hydrophilic E
Region

Hydrophobic » Coboer Tare

Region

. Aids 1n electrical
connection

. Layers glued together

. Total Cost: $0.15

. Filter paper: $0.02, GOx:
$0.06, Nafion Solution:
$0.05; Spray adhesive:
$0.01; Nickel spray: $0.01
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. Calibration curve with R2 = 0.996
. Sensitivity = 0.02uA mM-!

. Stored several devices at 4°C for one month

. Showed good agreement with previous results
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Discussion

. 3D paper-based self-powered glucose sensor reported for first time

Functions with a single drop of sample

. Can be administered without medical professional using either

blood or urine

Start up time: less than 30 seconds

. Quickly and easily operated

Low variation in OCV corroborates repeatability

. Devices fabricated by hand, mass-production would increase

repeatability further

Long term stability/shelf life

. Can be stored in refrigeration for shipping and distribution

without affecting the reliability

Safe, environmentally friendly, and disposable

. Minimizes risk of contamination

. Copper can be recycled

. Cost is an order of magnitude less than a single OneTouch® paper

test strip ($0.15 vs. $1.50)

Conclusions

Limitations and Future Research
. Further increase sensitivity

. Employ nanostructured anode using CNTs or other high
specific surface area materials (Cosnier et al., 2014)

. Add paper-based supercapacitor (Ge et al., 2013)

. Increase anode reservoir size to reduce mass-transport
limitations

. Further reduce cost by replacing Nafion solution (33% of device
cost)

Low-Cost Readouts

. Biosensors still needs a voltmeter (<$10) to relay information
. Paper-based readout to remove this requirement

(A) 2em| , Thermochromic dye and printed

wire
. Photochromic dye and LED
. Electrophoresis

http://pubs.rsc.org/en/Content/ArticleLanding/2009/LC/b905832j

Significant Findings
. Novel combination of uPADs with self-powered sensor

. Sensitive and reliable device fabricated on paper using a hybrid
enzymatic methodology for first time

. One of most inexpensive glucose sensing systems to date
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