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(sf)  Electronic  sensor  for  alcohol  content  of  fuels. 

0   An  electronic  sensor  (10)  for  measuring  the  al- 
cohol  concentration  of  mixtures  comprising  liquid 
hydrocarbons  and  alcohol  is  characterized  by  at 
least  two  electrically  conducting  electrodes  (12,  14, 
20)  supported  on  a  substrate  (24)  and  by  a  conduct- 
ing  polymer  coating  (16)  shorting  said  at  least  two 
electrodes  (12,  14,  20),  said  conducting  polymer 
having  a  resistance  that  changes  as  a  function  of 
said  alcohol  concentration. 
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BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  is  related  to  the  alcohol- 
based  fuels  for  automobiles,  and,  more  particularly, 
to  a  sensor  for  determining  the  alcohol  content  of 
such  fuels. 

2.  Description  of  Related  Art 

In  view  of  concerns  about  emissions  from  auto- 
mobiles,  various  alternatives  have  been  proposed. 
Among  the  various  alternatives  is  the  use  of  an 
alcohol-based  fuel.  While  some  proposals  have  set 
forth  methanol  or  ethanol  alone  as  the  fuel,  other 
proposals  have  suggested  a  mixture  of  methanol  or 
ethanol  with  conventional  gasolines. 

At  the  time  of  this  writing,  there  has  been  no 
decision  by  regulatory  groups  as  to  what  type  of 
alternate  fuels  will  be  required  in  the  future  opera- 
tion  of  current  "gasoline"  burning  automobiles. 
California,  however,  will  require  that  new  cars  sold 
in  1994  must  have  the  capability  to  run  on  some 
type  of  alternate  fuel.  Should  the  decision  be  made 
that  this  alternate  fuel  will  be  methanol  (or  ethanol) 
in  gasoline,  then  a  sensor  to  measure  alcohol  con- 
tent  in  real  time  will  be  required  for  all  cars  sold  in 
that  state.  A  sensor  of  this  type  is  of  particular 
importance,  since  the  smooth  operation  of  the  en- 
gine  depends  on  the  proper  air:fuel  ratio,  which  is 
affected  strongly  by  the  alcohol  content  of  the  fuel. 
Further,  the  concentration  of  alcohol  can  be  ex- 
pected  to  vary  from  one  region  to  another  and  from 
evaporation  of  the  alcohol  component  in  the  fuel. 
Since  these  regulations  could  result  in  the  installa- 
tion  of  millions  of  units,  reducing  the  size,  weight, 
and  cost  of  these  sensors  is  a  major  concern  of 
automobile  manufacturers. 

A  prior  art  sensor  currently  being  used  to  mea- 
sure  alcohol  content  is  considered  to  be  a  state-of- 
the-art  device.  The  sensor  uses  the  alternate  fuel 
as  the  dielectric  medium  of  a  flow-through  capaci- 
tor  and  measures  the  change  in  the  dielectric  con- 
stant  as  a  function  of  alcohol  content.  This  device 
is  relatively  large  and  expensive  to  manufacture. 

Sensors  using  conductive  polymers  are  well- 
documented  in  the  literature,  including  sensors  to 
detect  methanol;  see,  for  example,  P.N.  Bartlett  et 
al,  "Conducting  Polymer  Gas  Sensors",  Sensors 
and  Actuators,  Vol.  20,  pp.  287-292  (1989)  and 
references  cited  therein.  However,  the  sensors  ap- 
pear  to  involve  detection  of  alcohol  in  the  vapor 
state.  While  there  are  examples  of  conductive  poly- 
mer  sensors  operating  in  aqueous  environments, 
these  sensors  sense  species  other  than  alcohol. 

What  is  required  is  an  alcohol  sensor  for  de- 
tecting  alcohol  (e.g.,  methanol  or  ethanol)  in  a  non- 

aqueous,  liquid  environment. 

SUMMARY  OF  THE  INVENTION 

5  In  accordance  with  the  invention,  a  new  sensor 
is  provided,  which  is  based  on  a  conductive  poly- 
mer  as  the  active  material  to  measure  the  con- 
centration  of  alcohol  in  gasoline.  The  device  de- 
scribed  in  this  invention  provides  an  electronic 

io  method  for  measuring  the  alcohol  content  of  fuels. 
This  information  is  then  sent  to  the  engine  to 
immediately  adjust  the  air:fuel  ratio,  which  is  critical 
in  these  alternate  fuel  systems  for  the  smooth 
operation  of  the  engine. 

75  The  sensor  of  the  invention  comprises  a  con- 
ductive  polymer  which  is  exposed  to  the  alternate 
fuel  and  at  least  two  sensing  electrodes  shorted  by 
the  conductive  polymer.  Most  conveniently,  the 
sensing  electrodes  are  arranged  in  an  interdigitated 

20  fashion  and  are  coated  with  the  conducting  poly- 
mer.  Certain  conducting  polymers  have  been  found 
whose  resistance  changes  as  a  function  of  alcohol, 
e.g.,  methanol,  concentration. 

Since  the  resistance  of  the  alternate  fuel  is 
25  related  to  the  alcohol  concentration,  this  information 

can  be  processed  by  a  microprocessor,  which  can 
then  make  the  necessary  adjustments  in  the  air:fuel 
ratio. 

The  device  of  this  invention  can  be  much 
30  smaller  and  much  less  expensive  than  the  prior  art 

dielectric-based  sensor  and  yet  retain  precision 
and  accuracy  (±0.5%  required)  with  fast  response 
time.  It  can  be  configured  as  a  small,  screw-in 
arrangement  (similar  in  appearance,  for  example,  to 

35  a  spark  plug)  and  can  be  easily  installed  directly 
into  the  fuel  rail,  immediately  in  front  of  the  injec- 
tion  system. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
40 

FIG.  1  is  a  top  plan  view  of  an  interdigitated 
sensor  of  the  invention;  and 
FIG.  2,  on  coordinates  of  resistance  and  con- 
centration,  is  a  plot  of  the  measured  resistance 

45  of  poly(3-methylthiophene)  electrochemically  de- 
posited  on  the  interdigitated  sensor  of  FIG.  1  as 
a  function  of  methanol  concentration  in  hexane. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
50  MENTS 

Referring  now  to  FIG.  1,  the  sensor  10  pre- 
sented  in  this  invention  is  a  simple  one,  using  a 
small,  commercially  available,  microsensor  elec- 

55  trade  which  is  patterned  with  gold,  interdigitated 
electrodes  12,  14  coated  with  a  thin  film  16  of 
conductive  polymer  (the  polymer  coating  is  broken 
away  in  FIG.  1  to  show  the  underlying  electrodes). 

2 
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One  electrode  12  is  called  the  analyte  electrode; 
the  second  electrode  14  is  called  the  common 
electrode. 

The  electrodes  12,  14  may  be  arranged  in  an 
interdigitated  fashion,  as  shown  in  FIG.  1,  or  may 
be  in  some  other  configuration,  so  long  as  the 
conductive  polymer  coating  16  shorts  the  two  elec- 
trodes. 

The  use  of  two  interdigitated  electrodes  12,  14, 
as  shown  in  FIG.  1,  provides  an  analyte  area  18. 
The  alcohol-containing  fuel  interacts  with  the  con- 
ducting  polymer  to  change  its  conductivity,  which 
is  a  function  of  the  alcohol  concentration,  as  de- 
scribed  in  greater  detail  below. 

The  electrical  modulation  in  conducting  poly- 
mers  is  sensitive  to  temperature,  and  it  may  be 
desirable  to  provide  a  means  for  compensating  for 
operation  of  the  sensor  at  higher  temperature.  One 
way  to  achieve  this  is  to  provide  a  third  reference 
electrode  20.  This  reference  electrode  20  is  inter- 
digitated  with  the  common  electrode  14  to  provide 
a  reference  area  22.  The  reference  area,  which  is 
also  covered  with  the  conducting  polymer  16,  is 
further  covered  with  a  non-pervious  material  (not 
shown)  so  as  to  prevent  interaction  of  the  alcohol- 
containing  fuel  with  the  electrodes  14,  20  in  the 
reference  area  22.  Examples  of  suitable  impervious 
materials  include  silicon  dioxide,  silicon  nitride, 
poly(methylmethacrylate),  and  poly(styrene).  Both 
electrode  areas  18  and  22  experience  the  same 
temperature,  but  only  the  analyte  area  18  reacts  to 
the  alcohol-containing  mixture. 

The  entire  assembly  is  supported  on  an  in- 
sulating  substrate  24.  Examples  of  suitable  sub- 
strates  include  alumina  and  silica. 

The  conductive  polymers  employed  in  the 
practice  of  the  present  invention  are  preferably  3- 
alkyl-substituted  polythiophenes.  Other  conductive 
polymers  may  be  useful  in  this  application  as  well, 
such  as  polythiophene,  although  it  has  been  found 
that  the  conductivity  of  polypyrrole  was  not  af- 
fected  in  the  presence  of  methanol.  The  conductiv- 
ity  of  poly(3-methylthiophene)  may  be  modulated 
by  varying  the  concentration  of  methanol  in  hexane 
(a  hydrocarbon  solvent  used  as  a  substitute  for 
gasoline,  a  hydrocarbon  solvent  as  well).  The  con- 
ductivity  from  0%  methanol  to  100%  methanol 
changes  by  a  factor  of  about  9.5  at  room  tempera- 
ture,  as  shown  in  FIG.  2. 

Besides  poly(3-methylthiophene),  other  alkyl- 
substituted  polythiophenes  show  similar  effects;  ex- 
amples  of  the  alkyl  substituents  include  butyl, 
hexyl,  and  octyl.  The  advantage  of  the  longer  chain 
alkyl  groups  is  that  the  resulting  polymers  become 
more  soluble  the  longer  the  alkyl  chain,  which  is 
useful  in  casting  thin  films  of  the  polymer.  As  a 
result,  the  number  of  carbon  atoms  in  the  alkyl 
group  may  range  from  0  to  8. 

However,  longer  chain  alkyl  groups  render  the 
polymer  soluble  in  the  fuel.  Accordingly,  it  is  pre- 
ferred  that  the  number  of  carbon  atoms  in  the  alkyl 
group  range  from  0  to  4. 

5  These  as-deposited  films  are  insulators  and 
must  be  externally  "doped"  (usually  oxidized)  to 
convert  them  to  the  conductive  state.  However,  the 
adhesion  of  the  cast  films  has  been  found  to  be 
insufficient  for  practical  application.  Furthermore, 

io  this  advantage  in  processability  can  become  a  dis- 
advantage  for  long  term  operation  if  the  conductive 
polymer  is  slightly  soluble  in  the  measurement 
medium.  Depositing  the  conductive  polymer  thin 
film  electrochemically  results  in  uniform  thin  films 

is  with  much  stronger  adhesion.  Another  advantage  of 
this  deposition  method  is  that  the  resulting  polymer 
film  is  oxidized  in  situ  so  that  conductive  material 
is  obtained  directly,  and  the  extra  doping  step  is 
eliminated.  Electrochemical  deposition  is  particu- 

20  larly  preferred  for  preparing  thin  films  of  poly- 
thiophene)  and  of  the  lower  alkyl  forms  of  poly(3- 
alkylthiophene).  Such  electrochemical  deposition  is 
well-known  in  the  art,  and  may  be  the  only  way  to 
prepare  the  afore-mentioned  films. 

25  For  determining  concentration  of  the  alcohol  in 
the  alcohol-containing  fuel,  the  conductivity  be- 
tween  the  two  electrodes  12,  14  is  measured  by 
conventional  means,  and  does  not  form  a  part  of 
this  invention.  The  resulting  signal  is  then  further 

30  processed  to  determine  the  alcohol  concentration 
and  to  then  adjust  the  air:fuel  ratio,  as  appropriate. 

In  the  temperature-compensated  system,  the 
conductivity  between  the  two  analyte  electrodes 
12,  14  and  between  the  two  reference  electrodes 

35  14,  20  is  determined.  This  measurement  is  again 
accomplished  by  conventional  means,  and  does 
not  form  a  part  of  this  invention.  The  resulting 
signal,  as  above,  is  then  further  processed  to  deter- 
mine  the  alcohol  concentration  and  to  then  adjust 

40  the  air:fuel  ratio,  as  appropriate. 
Further  processing  of  the  resulting  signal  in 

either  event  is  done  by  an  engine  control  module, 
which  compares  the  signal  to  previously-stored 
data  of  resistance  as  a  function  of  alcohol  con- 

45  centration.  Such  signal  processing  techniques  are 
well-known  and  do  not  form  a  part  of  this  invention. 

The  sensor  10  of  this  invention  can  be  much 
smaller  and  much  less  expensive  than  the  prior  art 
dielectric-based  sensor  and  yet  retain  precision 

50  and  accuracy  (±0.5%  required)  with  fast  response 
time.  The  sensor  10  may  be  configured  as  a  small, 
screw-in  arrangement  (similar  in  appearance,  for 
example,  to  a  spark  plug)  and  can  be  easily  in- 
stalled  directly  into  the  fuel  rail,  immediately  in 

55  front  of  the  injection  system. 
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EXAMPLE 

A  solution  containing  3-methylthiophene  (Al- 
drich  Chemical,  0.2  M)  and  dry  tetrabutylam- 
monium  hexafluorophosphate  (Alfa  Products,  0.02 
M)  in  nitrobenzene  was  added  to  an  electrochemi- 
cal  synthesis  cell,  which  was  cooled  to  =5°C  in  an 
ice  bath.  Into  this  solution  was  submerged  an  inter- 
digitated  microsensor  electrode  (Allage  Assoc.,  Inc. 
-  AB-TECH).  The  electrodes  were  connected  to  a 
dc  power  supply.  Electrochemical  deposition  was 
carried  out  at  a  current  density  of  19.8  mA/cm2  (3.0 
Vdc,  8.3  mA)  for  three  minutes.  The  current  was 
then  removed  and  the  sensor  rinsed  with  clean 
nitrobenzene  and  hexane,  then  air  dried.  Conduc- 
tivity  measurements  were  taken  on  the  dried  sen- 
sor  by  submerging  it  a  liquid  containing  the  appro- 
priate  concentration  of  methanol  in  hexane  and 
measuring  the  resistance  (Triplett  Corp.  Model  630- 
PL  Multimeter).  The  results  are  depicted  in  FIG.  2 
and  show  that  as  the  methanol  concentration  in- 
creases  the  resistance  decreases.  Such  calibration 
data  can  be  stored  in  the  engine  control  module. 

Thus,  there  has  been  disclosed  an  electronic 
sensor  for  measuring  the  alcohol  content  of  fuels.  It 
will  be  appreciated  by  those  of  ordinary  skill  in  this 
art  that  various  changes  and  modifications  of  an 
obvious  nature  may  be  made,  and  all  such 
changes  and  modifications  are  considered  to  fall 
within  the  scope  of  the  invention  as  defined  by  the 
appended  claims. 

Claims 

1.  Electronic  sensor  (10)  for  measuring  the  al- 
cohol  concentration  of  mixtures  comprising  liq- 
uid  hydrocarbons  and  alcohol,  characterized 
by: 

-  at  least  two  electrically  conducting  elec- 
trodes  (12,  14,  20)  supported  on  a  sub- 
strate  (24);  and 

-  a  conducting  polymer  coating  (16)  short- 
ing  said  at  least  two  electrodes  (12,  14, 
20),  said  conducting  polymer  having  a 
resistance  that  changes  as  a  function  of 
said  alcohol  concentration. 

2.  The  electronic  sensor  (10)  of  Claim  1,  char- 
acterized  in  that  said  alcohol  is  selected  from 
the  group  consisting  of  methanol  and  ethanol. 

3.  The  electronic  sensor  (10)  of  Claim  1  or  Claim 
2,  characterized  in  that  said  conducting  poly- 
mer  (16)  is  selected  from  the  group  consisting 
of  poly(3-alkylthiophenes)  and  poly(thiophene). 

4.  The  electronic  sensor  (10)  of  Claim  3,  char- 
acterized  in  that  said  alkyl  group  has  from  1  to 

8  carbon  atoms. 

5.  The  electronic  sensor  (10)  of  Claim  4,  char- 
acterized  in  that  said  alkyl  group  has  from  1  to 

5  4  carbon  atoms. 

6.  The  electronic  sensor  (10)  of  any  of  Claims  1  - 
5,  characterized  by  three  electrodes  (12,  14, 
20)  for  temperature  compensation,  with  two 

w  (12,  14)  of  said  electrodes  (12,  14,  20)  forming 
an  analyte  area  (18)  for  measuring  alcohol 
concentration,  one  of  said  two  electrodes  (12, 
14)  comprising  a  common  electrode  (14),  and 
with  a  third  (20)  of  said  electrodes  (12,  14,  20), 

is  together  with  said  common  electrode  (14),  for- 
ming  a  reference  area  (22)  for  compensating 
for  temperature. 

7.  The  electronic  sensor  of  Claim  6,  characterized 
20  in  that  an  impervious  material  protects  said 

reference  area  from  said  mixture. 

8.  The  electronic  sensor  of  Claim  7,  characterized 
in  that  said  impervious  material  is  selected 

25  from  the  group  consisting  of  silicon  dioxide, 
silicon  nitride,  poly(methylmethacrylate),  and 
poly(styrene). 

9.  A  method  of  measuring  alcohol  concentration 
30  in  a  mixture  comprising  liquid  hydrocarbons, 

characterized  by  the  steps  of: 
(a)  providing  said  electronic  sensor  (10)  of 
any  of  Claims  1  -  8; 
(b)  exposing  said  electronic  sensor  (10)  to 

35  said  mixture  to  generate  a  signal  that  is  a 
function  of  said  resistance;  and 
(c)  determining  said  concentration  from  said 
signal  by  comparing  said  signal  to  predeter- 
mined  data  relating  resistance  of  said  con- 

40  ducting  polymer  (16)  and  concentration  of 
said  alcohol. 

10.  The  method  of  Claim  9,  characterized  in  that 
said  conducting  polymer  (16)  is  selected  from 

45  the  group  consisting  of  poly(3-alkyl- 
thiophenes),  said  alkyl  group  containing  1  to  4 
carbon  atoms,  and  poly(thiophene),  and 
wherein  said  conducting  polymer  is  formed  as 
an  electrochemically  deposited  thin  film  on 

50  said  substrate  (24). 

55 
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