AMAZING SCIENCE

mealtn: amazingscience@gernsback.com

Fuel-Gell Finish

R A& §oll. we're back to finish the series
Won fuel culls. Lets get nghe to it
amd construct a derivauve of the fiel ccl!
rade famous by NASA

Hydrogen-Oxygen Fuel Cell

This fuel cell, see Fig. 1, wold more
properly be caled an open-air fuel cril,
hecavse eaving one side of the cell open
1o the smospnerc provides the oxyvgen.
Using pure O, at the oxygen electrode
pronades superor performance. However,
the additions werk required for con-
struction and  subsequenat  operation
doesn't mezit the periormance increase.

CGather together the itemrs histed
the sidedar. While vou're ol shopping,

rizec nals {2 good

Fu:f.lp' U SO § :
scurce of zinc) wd some hydouchioric
acid—mur:atic acic {found in home-
improvement stores for cleaning bricy
and stone); you'll need those items tw
produce bydrogen-- the fuel cell’ fuel.
The fuel cell is moke from %-nca
thick plastie. The plastie is Ffashioned
irto three 24-inch squares. Two ef the
plhastic squares nave an iaremal J#-inch
square cat out ‘rom the center, sce Fig,
2, Twe gaskers aie cut to the same
dimensions as the two intemal plastic
picces. The muxel screen s cut to fir
inside the ce.l und overtep the interna
cutout. A tab s placed on each electroce
thar extends outside the fuel cell ro make

alecrrical connecuons easy. The onter

cralym
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plasuc piece ks two additionai center
koles for gas vents,

Make 2 selunon by mixing one gram
of plaunsc chloride in F0G milliliters of
dissilled water. Ciean the nickel screens
in the aleohol to remove any grease or
dirt. Then plare the two nickel screens
with planmum by soaking them in the
piatinic chloride sounen uatl they tumn
blacl.

To activaze the fuer cell, soak some
Hiter paper in a solunon of porssium
hydrogide. You can use the same sclu-
tion from lise month’s alcobol feel cell.
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After the fiiter paper has absocbed dhe
electrolyte, blot the sxeess liquid from
the paper with a nlowrer, leaving the @il-
ter paper danip,

Next, assemble the fuel cell, Place 3

rasket on the ourside case, followsd by a
nicke] sereen, filter paper, mickel screen,
second gasket, and finaily the open plas-
tic ece. Make sure during assembly
that the two nichel screers don't rouch
ane anotner: :f thev do touch, they will
saort the autput of the feel cril

Use tne plasee machine screws and
rufs 1o krep the assembly tegether.

Hydrogen Gas Preduclion

Many experimenters generate hydro-
gen g from tne electroivsis of water. 1
did rot wart to set up the apparatus

do this; 1 wonted a fast and simple
methed of H, procusenon. Zine anc
magnesium react with hydrochloric acid
to generate hydrogen gas. | assume tha-

yon've already picked up the muriatic

up ¢
acid (a solution of hycrochlorc acid) and
galvanized nals - zinc is the “galvaniz-
ing” ceating €hat protects iron and steel
from the elements wher used outside.
Roofing nails arc 2 good erample,
Acthough Tve probsbiy already said it
uril I'm “blue in the face,” always wear
gloves and eve protection when han
diing acid,

Prepare a gas-generanrng vessel using
s jar with a mesal serew-on lid, see Fig.
3. Firsy, doifl 2 4-inch hole in the cover
o¢ the jar. Next, pass o irch o7 wo of
#-inch rubler or silicone whirg througn
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Fig. 2. The consiruction crass section of the hydrogenioxygen Juel cell is a sandwich of electrodes,
elecirolvre-soaked puper. and paskers surrounded by a pair of flar plastic end pieces.
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Fig. 3. A “gquick and dirn” hvidrogen-gas gener-
aior ises gaivanized nails and hvdrochloric
acid to produce ivdrogen gas.

the hole. Make the junction between the
jar lid and whe airtight by coating the
seam—bath on the top and botiom of
the lid—with aquarium silicone sealant.
Allow the sealant to dry {about 24
hours).

To generate hydrogen gas, cover the
bottom of the jar with galvanized nails,
Pour in enough muriatic acid to cover
the nails, Screw the lid of the jar in
place. Lee the hydrogen gas vent for a
minute through the rubber mhe and
then attach the open end of the wbe to
the fuel cell.

Remember, muratc add is corrosive;
take proper precautions when handling
this chemical. Hydrogen gas is explosive.
Do not operate the hydrogen-gas geners-
tor near open flames or sparks (remember
the Hindenburg!). The hydrogen-gas gen-
erator, when generating gas, must always
remain open to the atmosphere, allowing
the hydrogen gas to vent. This will prevent
any gas pressure from building that could
cause the jar to explode.

The finished fuel cell, see Fig. 4, gener-
ated between 0.8 and 1.0 volr. You should
expect sitnilar results with your fuel cell.

Now that we've taken that “small
step for [a) man” in building NASA-
style fuel cells, let’s move on to...
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Microbial Fuet Cell

The “bug battery,” as it’s affection-
ately known, uses yeast ro generate
electric power. Originally, 1 believed
that the yeast cells metabolized sugar

to produce alcohol and thar the alco-

hol became the fuel to power the fuel
cell. While that secondary type of fuel
cell has been built many times, it is
not the principle behind this fuel cell.
The actual process is more complex
and elegant. Essentially, current is
generated by cellular respiration and
digestion!

I was surprised 1o find out that bug
batteries aren’t new technology. In fact,
they date back to 1910, when Michael

Fig. 4. The finished hydrogenioxygen fuel cell
might not be as pretry as some of NASA's best
space-faring designs, but it works the same.
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Fig. 5. A microbiol fuel cell uses yeast as the active element, with methylene blue as a mediator.

Potter placed a platinum electrode into a
solution of yeast and another in an
organism-free soludon and measured a
current. In 1931, Barnett Cohen, a bio-
chemist at Cambridge University, pur
together a 35-volt microbe-powered
battery.

The basic bio-chemical mechanies of
microbe-powered fuel cells follows the
process of digestion and respiration.
Carbohydrates, such as sugars, starches,
and cellulose, are basic food nutrients.
When a carbohydrate is broken down,
electrons in the molecule are released
{oxidized). Those electrons are used
(reduced) in intermediate compounds
before they finallv react with oxygen in
respiration:

60, + 24H- + 24e- 12 H.O

Electrons may be stolen from the res-
piration cycle by a mediator. The media-
tor ferries the electrons to an electrode.
To complete the circuit, 2 second (posi-
tive) electrade is needed in the solution,
usually separated by an ion-exchange
membrane.

A basic microbial fuel cell is fllustrared
in Fig. 5. On the left side of the illnstra-
tion, we have sugar being fed to a yeast
culture. The yeast cells digest the sugar,
producing carben dioxide. The electrons
in the digeston cycle are stolen by the
mediator—in this case, methylene blue—
and delivered to the electrode. Hydrogen
ions are able to pass through the ion-
exchange membrane to combine with the
¢lectrons on the cathode side with oxygen
gas to form water.

In the demonstradon bug bartery and
microbial fuel cell, a solid oxidizing
reagent (potassium ferricyanide) is used
in place of oxygen gas.

Bug Battery Design

A basic bug battery is shown in Fig.
6. The electrodes are carbon rods sal-
vaged from old dry-cell batteries. The
electrodes, once removed from the bat-
teries, should be cleaned first wirh alco-
bol to remove as much chemical com-
pound as possible and then washed in
distilled water and allowed to dry.

Standard metal etectrodes should be
aveided when constructing a bug bactery
because the metal could cause spurious
electric current from its electrochemical
dissolution.

First, one needs a standard phosphate
buffer with a pH of 7.0 made by dissolv-
ing 4.08 grams Na,HPO, and 3.29
grams NaH,PO,2H2O in 500 miltiliters
of distilled water.

The oxidizing solution (catholyte) is
a 0.01-0.10 Mole solution of potassium
ferricyanide in the standard phosphate
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Fig. 6. A simple "bug battery” contains the liv-
ing portion of the fuel cefl in a dialvsis mem-
brane. Carban electrodex colfect the electrical
energy.

milliMole in water). The wop of the dial-
ysis bag is ted with string. The
bag/electrode assembly is placed in the
vessel with the potassium ferricyanide
solution.

The current and voltage generated
by this bug battery is measured in milli-
volts and microamps. The dialysis bag is
permeable to ions, including the potassi-

FUEL-CELL COMPONENTS
Nickel Scresn 150-200 mesh 2.5 x §inches iong
Platinic Chloride 1 gram
Isopropyl Alcohol (rubbing alcahol) 1 pint
Potassium Hydroxide 500 grams
Distilled Water 2 liters
Y-inch thick plastic acrylic plastic
Filter Paper
Ye-inch rubber gaskaet material
€-32 plastic machine screws and nuts Eight

buffer. {See the warning on potassium
ferricyanide.)

The anode and cathode of this cell
are separated by 2 length of wbular dial-
ysis membrane that’s made into a bag by
tying a kniot in one end. The bag is filled
with the second electrade—the microor-
ganisms (yeast or E.colt} suspended in
the pH 7.0-buffered solution and a
mediator {methylene blue 5-10 mM or

um ferricyanide oxidant. However, the
dialysis membrane will only last for
about 30 minures—more than encugh
dme for a demanstradon.

Microbhe Cell Recipe
One may also purchase 2 microbial
fuel cell in kit form, see Fig. 7. However,
be aware that the kit does not include
{Continued on page 33}
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T welcome feedback on this and all
previous “Service Clinic” columns. 1
recognize that the series on VCRs prob-
ably dragged on about 50 percent too

long and won’t make that mistake again.

What would you like to see in this
column? How about the format? Would
you like to have specific questions

addressed? Please send your comments
to me at the e-mail address ac the top of
this eolumn.

See you next tme! P ]

AMAZING SCIENCE
{continued from page 49)

any of the chemistry or microbes to
make it work. To make the kit work, you
necd:

* Dried baker’s yeast

¢ 50 millifiters of mechylene blue
solution {10 mM)

¢ 50 milliliters of glucose solution
(1M)

* Potassium ferricyanide

In addition, you will also need 0.1
Mole solution of phosphate buffer with
a pH of 7.0 made by dissolving 4.08
grams of Na,HPQ, and 3.29 grams of
Nal,PO,2H, in 500 milliliters of dis-
tilled water.

If you do not have the means to
obtain or make the above-mentdoned
chemistry, do ot purchase the microbial

Fip. 7. Here's an experimenter’s microbial fuel-
cell kit You add the chemistry and microbe por-
tion of the formuia.

fuel-cell kit

Toward The Future

While microbial fuel cells are just
starting to peek out of the laboratories,
two key microbial fuel-cell researchers—
Peter Bennetto and John Stirling—see a
bright future for bug barteries. Looking

. CHEMICAL WARNING

Potassium ferricyanide is poisonous. Eye
-protecticn should be worr when handling
‘this chemical. If the soluion comas into
contact with the eyas, fiood them with tap
“watér and saek medical attention. Jf swal-
lowed, give plenty of water to drink and
seek medical attention. o

"' SOURCE INFORMATION
The microbial fuel-ceit kit in 1his'man.tn"s
text is available for $100. NY residents
must add appropriate s_a!es tax. ‘
‘Images cbmpa'ny
29 Seneca Loop
Staten Island, NY 10314
_;'{_1 8-698_-8305

ahead, they anticipate electric cars get-
ting eight miles per pound of sugar. Bug
batteries can theoretically provide ener-
gy densities comparable to lithium. g
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M ALL YOU NEED to know about
plectronics from transistor packaging
to substitution and replacement
guides. FACTCARDS numbers 34
through 66 are now available. These
beautitully-printed cards measure a
full three-by-five inches and are
printed in two colors. They caver a
wide range of subjects irom Triac cir-
cuitreplacement guides 1o llip-flops,
Schmitt triggers. Thyristor circuits,
QOpto-IsotatoriCoupler selection and
replacement. All are clearly explained
wilh typical cirguit applications.

B WANT TO EXPAND your knowl-
edge of electronics? Do it the easy way

by studying the Electronics Fact
Cards. Do you travet to and from your
job each day? Drop a handfui of cards
in your pocket before you leave, and
the bus becomes a schoolroom! At
home, you can build some of the proj-
ects and notonly have fun building and
using them, but learm how they work at
the same hme.

M YOU'LL BE AMAZED bath at how
rapidly you learn with these cards, and
how easy it is to undarstand. These
new cards are available righl now.
Don't miss out. Send your check ar
money order today

\G

4

FA

CTCARDS—Facts at your fingertips
Experimenters and Project Builders!

for

Plaase send one copy of FACTCARDS $1.99. Shpping $2.00 {U.S. and Canada only).

Slease send

coples ot FACTCARDS. Total cost 1s sum of copy price and First Class

postage and handling cost multiplied by number of card sets ardered.

New York residents add sales tax to total cost of each order.
Allow 5-8 weeks for the material to arrive.

Detach and mail today:

CLAGGK Inc.
PQ. Box 12162
Hauppauge, NY 11788

All Payment must be in U.S.

T, Please print
Jampacked with | R
information at your }
fi inger ﬁps i {Street Address)
} (City) {Slate} {Zip}

Funds!
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