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Liquid-Phase Dehydration of Aqueous
Ethanol-Gasoline Mixtures

Abstract. Two-phase mixtures of gasoline, water, and ethanol were dehydrated
with both starch and saponified starch-g-polyacrylonitrile (HSPAN). Whereas starch
absorbed ethanol as well as water, HSPAN selectively absorbed the water com-
ponent, allowing ethanol to dissolve in the gasoline phase.

Ladisch and Dyck (/) have shown that
the ratio of the combustion energy of
ethanol to the distillation energy as a
function of the percentage of ethanol in
the distillate drops rapidly above about
92 percent ethanol. As one approaches
95 percent ethanol, the input of energy
begins to approach the amount of energy
gained through combustion. Azeotropic
distillation to produce the nearly an-
hydrous ethanol that is needed for blend-
ing with gasoline (to avoid phase separa-
tion) is a further detriment to the energy
balance. The water tolerance of a blend
of 10 percent ethanol in gasoline is about
0.3 percent (2). Ladisch and Dyck ()
successfully dehydrated aqueous ethanol
by passing the vapor through a column
packed with a number of inexpensive
dehydrating agents, such as starch,
cracked corn, cellulose, and carboxy-
methyl cellulose. The use of saponified
starch-g-polyacrylonitrile (3) (HSPAN,
sometimes referred to as super slurper)
was also suggested.

In this report, we describe a method
for the dehydration of ethanol in the lig-
uid phase, in which an absorbent poly-
mer, particularly HSPAN, is contacted
at room temperature with a two-phase

mixture of aqueous ethanol and unleaded
gasoline (Table 1). The HSPAN used
was a commercial sample (SGP 502S,
Henkel Corporation) (4) that was
screened to isolate the fraction passing
20-mesh but held by 40-mesh. It con-
tained 10 percent water. The aqueous
ethanol solutions contained 95, 90, and
80 percent ethanol (by volume) [93.7,
86.7, and 75.9 percent (by weight)], and
the ratios of aqueous ethanol to gasoline
were chosen to give typical gasohol
blends of 10:90 by volume [11.1 to.11.3
percent ethanol (by weight)], after re-
moval of water. The weight of polymer
added was slightly in excess of that
needed to absorb all of the lower, water-
containing layer.

Gas chromatographic analysis for eth-
anol was made difficult by the numerous
components present in gasoline; how-
ever, acceptable results were obtained
on a Bendix 2500 gas chromatograph
with a flame ionization detector (2 m by
0.32 cm glass column packed with 15 per-
cent Carbowax 20M on Gas-Chrom Q).
The column temperature of 65° to 190°C
was programmed at 15°C per minute. We
constructed a standard curve of detector
response versus the percentage of eth-
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Table 1. Dehydration of aqueous ethanol-gasoline mixtures: analysis of the gasoline phase.
Gasoline (90 ml) was mixed with sufficient aqueous ethanol to give 90:10 (by volume) gasohol,
after removal of water. Polymer was added and the mixture shaken overnight at room temper-
ature. An ethanol content in gasoline of 10 percent (by volume) corresponds to 11.1 percent
ethanol (by weight) because of the higher density of ethanol. For this calculation, the density
of gasoline was equated with the density of octane.

Aqueous Controls, no
ethanol polymer added Cornstarch* added HSPANT added
used, %

byvolume Water Ethanol , =~ .= Water Ethanol , -~ .= Water Ethanol

ooy Goby - Geby T Geby - @by SN @by - (by

weight)  weight) weight) weight) weight) weight) weight)
95(93.7) 0.51 10.5 2 0.60 10.6 0.5 0.50 11.1
90 (86.7) 0.39 7.4 8 0.43 8.6 5 0.41 10.8
80(75.9) 0.20 5.0 10 0.18 5.2 10 0.41 10.6

*Water content, 12 percent. tWater content, 10 percent.
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anol (by weight) by analyzing a series of
known solutions of ethanol in gasoline.
Integration was done by digital comput-
er. Water was determined by Fischer ti-
tration ().

Addition of HSPAN to the two-phase
mixtures of gasoline, ethanol, and water
resulted in selective absorption of water
with nearly complete solution of the eth-
anol component into the gasoline phase
(Table 1). Corn starch did not exhibit this
selectivity. Because the HSPAN was not
dry but contained 10 percent water, one
should be able to reuse the polymer after
air-drying it at room temperature and
low relative humidity, and the energy re-
quired to regenerate HSPAN would thus
be negligible [HSPAN air-dries readily
(3), and the resulting polymer remains
highly absorbent]. As expected, residual
water increased with the final ethanol
content of the gasohol. Water was re-
moved more efficiently when gasoline-
ethanol-water mixtures were passed
‘through a column of HSPAN. For ex-
ample, water contents of 0.24 and 0.28
percent (by weight) were found with eth-
anol contents of 10.4 and 10.9 percent
(by weight), respectively, and these wa-
ter contents are within the tolerance limit
for a 90:10 ethanol-gasoline blend.

It apparently is not sufficient for
HSPAN to merely absorb all of the lower
aqueous ethanol phase; rather, enough
HSPAN must be used so that the water
present in the system is actually bound
to the polymer by strong hydrogen
bonds. The amount of polymer needed to
dehydrate a particular system thus de-
pends on the total water present and not
on the degree of swelling or absorbency
6) of HSPAN in the ethanol-water mix-
ture. Low-proof ethanol will require a
large amount of HSPAN, even though
much smaller amounts will absorb and
solidify the aqueous ethanolic solution.
Since the high-proof ethanol systems of
Table 1 are essentially nonswelling me-
dia for HSPAN, addition of sufficient
polymer to absorb all of the aqueous eth-
anol layer provides about the correct ra-
tio of polymer to water to ensure its
strong hydrogen bonding.

The presence of the gasoline phase as
an extractant for ethanol, as water is
being hydrogen-bonded to HSPAN, is
essential to the success of our method,
since high-proof ethanol in the absence
of gasoline was not completely dehy-
drated by polymer. For example, when
ethanol containing 23 percent (by
weight) water was passed through 5 g of
HSPAN loosely packed into a column 9
by 1.2 cm, the first 5 ml through the col-
umn still contained 15 percent water.
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The water content of the effluent re-
mained fairly constant until about the
15th milliliter and then began to in-
crease, as the column reached its capac-
ity for water.
GEORGE F. FANTA
RoBERT C. BURR
WILLIAM L. ORTON
WILLIAM M. DOANE
Northern Regional Research Center,
Agricultural Research, Science and
Education Administration,
Department of Agriculture,
Peoria, Illinois 61604
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Stereospecific Nicotine Receptors on Rat Brain Membranes

Abstract. A stereospecific binding site for nicotine has been detected on rat brain
membranes. Competition studies with cholinergic agonists suggest that this site is a

nicotinic cholinergic receptor.

Nicotine is one of the most widely
studied drugs. Its mechanism of action at
the neuromuscular junction and at auto-
nomic ganglia is well understood at both
the molecular and the cellular levels (7).
Nicotine also has many effects on the
central nervous system: it is a primary
reinforcer (2); it serves as a discrimina-
tive stimulus (3); it has anti-nociceptive
properties (4); and it stimulates vaso-
pressin release (5). Although it is usually
assumed that these actions of nicotine
are mediated by nicotinic cholinergic re-

10

Bound/free (1078 liter/mg)
o

5 10 15
[3H] (£)-Nicotine bound (fmole/mg)

ceptors on central neurons, there is no
direct evidence for this assumption.
Blockade of these effects by mecamyl-
amine or pempidine is not a sufficient cri-
terion, since these compounds are poor
blockers at the neuromuscular junction,
and their ganglionic blocking properties
are largely noncompetitive and pre-
synaptic 6, 7).

a-Bungarotoxin binds specifically to
brain membranes, and its binding site
shares ligand specificity and biochemical
properties with the acetylcholine recep-

Fig. 1. Scatchard plot of (*)-[*H]nicotine
binding to rat brain membranes. Male Simon-
sen albino rats (Sprague-Dawley derived, Si-
monsen Laboratories, Gilroy, California),
weighing 250 to 350 g were Killed by decapita-
tion and the brain was removed. Whole brain
homogenate was prepared in ten volumes of
ice-cold buffer (Hepes, 50 mM; NaCl, 118
mM; KCl, 4.8 mM; CaCl,, 2.5 mM; MgSO,,
1.2 mM; and NaOH to pH 7.40) and centri-
fuged at 17,500¢ for 30 minutes. The pellet
was suspended in 20 volumes of ice-cold
glass-distilled water, allowed to lyse for 60
minutes, and centrifuged as above. The mem-
brane pellet was then suspended in buffer and
centrifuged as above. The final pellet was sus-
pended to a final concentration of 40 mg of
original tissue per milliliter of buffer; 0.5 ml of
the membrane suspension was added to 0.5 ml

of buffer containing (+)-[*H]nicotine at the appropriate concentration, in the absence or pres-
ence of unlabeled (—)-nicotine at a 1.0 mM final concentration (each concentration in triplicate).
Tubes were incubated for 40 minutes at 37°C, and then chilled on ice. After 20 minutes the
mixture was diluted with 4.0 ml of ice-cold buffer, filtered through polylysine-soaked Whatman
GFC filters, and washed with four 4.0-ml portions of cold buffer. To control for residual dis-
placeable binding to filters, parallel tubes were incubated and chilled as above, but (%)-
[*H]nicotine was not added until immediately before filtration. Radioactivity was determined by
spectrometry in a dioxane-based liquid scintillation mixture at a counting efficiency of 43 per-
cent. Binding not displaceable by 1.0 mM (—)-nicotine, and displaceable binding to filters have
been subtracted; plotted data represent only displaceable binding to brain membranes. Units for
bound ligand are femtomoles per milligram of original tissue and for bound/free are liters per
milligram of original tissue. This experiment yielded the following parameter estimates: high-
affinity site K4 = 28 nM, density = 3.2 fmole per milligram of original tissue; low-affinity site
K4 = 0.46 uM, density = 10.4 fmole per milligram of original tissue.

0036-8075/80/ 1107‘0647$00.>50/0 Copyright © 1980 AAAS

647



	Cover Page
	Article Contents
	p.646
	p.647

	Issue Table of Contents
	Science, Vol. 210, No. 4470, Nov. 7, 1980
	Front Matter [pp.583-637]
	Letters
	Access to Grant Applications [p.590]
	Nuclear Power Potential [p.590]
	Dutch or Deutsch? [p.590]

	Electronic Data Bases [p.593]
	Eastern Geothermal Resources: Should we Pursue them? [pp.595-600]
	From Diyls to Ylides to My Idyll [pp.600-604]
	DNA Methylation and Gene Function [pp.604-610]
	News and Comment
	Upstart Television: Postponing a Threat [pp.611-615]
	Trouble in Science and Engineering Education [pp.615-616]
	Institute of Medicine Gets New President [pp.616-617]
	Making Interferon: Gains Come Slowly [p.618]

	Briefing
	OMB Offers Option on A-21 [p.612]
	Doctors Must Put Patients First, Says Editor [pp.612-613]
	Turkic Tribe Seeks Alaskan Peaks as Home [p.613]

	Research News
	1980 Nobel Prize in Physics to Cronin and Fitch [pp.619-621]
	1980 Nobel Prize in Physiology or Medicine [pp.621-623]
	Natural Killer Cells Help Defend the Body [pp.624-626]

	AAAS News
	Science 80 Reaches 1-Year Mark [p.627]
	Nomination of AAAS Fellows Invited [pp.627-628]
	Filmstrips Added to SB&F Reviews [p.628]
	Fellows Participate in Orientation Program and Begin Work [pp.628-629]
	Reminder to Members [p.629]
	Mass Media Science Fellows Report on Summer Experiences [pp.629-630]
	SACNAS to Hold 1980 National Conference [p.630]

	Book Reviews
	The Progress of Taphonomy [pp.631-632]
	Star Charts [p.632]
	Atomic Collision Physics [pp.632-633]
	Altruism in Theory [pp.633-634]

	Reports
	Bacterial Resistance to Ultraviolet Irradiation under Anaerobiosis: Implications for Pre-Phanerozoic Evolution [pp.638-640]
	Subcellular Origin of Cholinergic Transmitter Release from Mouse Brain [pp.641-642]
	Oral Contraceptives, Lanosterol, and Platelet Hyperactivity in Rat [pp.642-644]
	Somatostatin: Occurrence in Urinary Bladder Epithelium and Renal Tubules of the Toad, Bufo marinus [pp.644-646]
	Liquid-Phase Dehydration of Aqueous Ethanol-Gasoline Mixtures [pp.646-647]
	Stereospecific Nicotine Receptors on Rat Brain Membranes [pp.647-650]
	Carbon-13 Nuclear Magnetic Resonance Study of Osmoregulation in a Blue-Green Alga [pp.650-651]
	Environmental Influences on Serotonin and Cyclic Nucleotides in Rat Cerebral Cortex [pp.652-654]
	Nigral Dopamine Neurons: Intracellular Recording and Identification with L-Dopa Injection and Histofluorescence [pp.654-656]
	Bioactive Conformation of Luteinizing Hormone-Releasing Hormone: Evidence from a Conformationally Constrained Analog [pp.656-658]
	Infectious Diseases and Population Cycles of Forest Insects [pp.658-661]
	Reorganization of the Axon Membrane in Demyelinated Peripheral Nerve Fibers: Morphological Evidence [pp.661-663]
	Aspirin: An Unexpected Side Effect on Prostacyclin Synthesis in Cultured Vascular Smooth Muscle Cells [pp.663-665]
	Kin Selection: Its Components [pp.665-667]
	Adaptive Topography in Family-Structured Models of Kin Selection [pp.667-669]
	Male Photuris Fireflies Mimic Sexual Signals of their Females' Prey [pp.669-671]
	Nonolfactory Sensory Pathway to the Telencephalon in a Teleost Fish [pp.671-673]
	Attentional Factors in the Inhibition of a Reflex by a Visual Stimulus [pp.673-674]

	Back Matter [pp.634-690]





