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, t  7 ^  development cfaUernattve tourcesfor <tnergy and chemicals, particularly
'* rtfif use o f plant biomass as a renewable resource for fuel or chemical feedstocl^ 

futs received much recent attention. This report reviews the chemical utilisation 
of plant materials for liquid fuels or organic chemicals, and presents the possi- 
b^ty of producing hydrocarbon and related chemical products, directly or indi~ 
rectly, from extant plants rather than from fossil sources such as petroleum or ‘ *• 
coal. t

There is little question today that petroleum can no longer b? relied upon 
ft stable^ economical raw material to satisfy this country’s tremendous demand 
for energy and industrial chemicals.

The shortage and depletion o f  petroleum have led us to consider and adopt 
iJtem ative s<Surces for fuels and chemicals. In consequence, shifting our resource 
needs (fuels and chemicals) to a coal base away from the petroleum is strongly 
luggested by many. The transition from petroleum to coal on the proposed scale 
^  technically sound and economically feasible. Nevertheless, it i  ̂ not safe en­
vironmentally to use coal indefinitely on an expanding scale. There are constraints 
pn the increased use o f coal on the scale proposed. Indefinite use o f coal will 
produce considerable amounts o f carcinogens and will also cause a carbon dioxide 
problem (Calvin, 1979b). Thus, supplemental sources for energy and chemicals 
jM'C needed. It is suggested that utilizing sun power is the most obvious alternative 
(Calvin, 1974).

According to Calvin (1977) the best solar-converting machine available today 
|s  the green plant. Plants yield complex organic substances that contain many 
pompounds which may be used as feedstocks for som e liquid fuels or for a wide 
variety o f chemical products. A number o f botanochemicals have been osed m< 
ftustrially for ages, but they suffered competitive pressures from the petrochem< 
jcal industry during the recent decades. T<^ay, interest in the utilization o f plants 
for energy and chemicals has resurged. The conversion o f wood, agriculture 
products or other types o f biomass materials into fuels or chemicals as a supple­
mental source for energy has becom e conceptually feasible (Bagby et al., 1^9; 
Buchanan and Otey, 1979; Calvin, 1979a, 1979b; Goldstein, 1976; Huibers and 
^ones, 1979; Johnston, 1979; Lipinsky, Whitworth, 1976). It seems certain 
that industrial utilization o f plants for energy and chemicals will becom e increas­
ingly more important in the future.

'Die intent o f  this report is to give an overview o f  the chemical utiHzation o f  
plant materials fo ( liquid fiiels or organic chemicals and to present the possibility
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of producing hydrocarbons and related chemicals, directly or indirectly, from 
extant plants rather tian  from fossil sources such as petroleum or coal. No at­
tempt is made in the report to show the economics of the production of botan- 
ochemical products.

•V
O V ER V IEW  O P  PETR O LEU M  USE

/
It is well known that cnide petroleum oil is the most important single source 

for fuel and chemical feedstocks, yet a brief overview of current use of petroleum 
is presented to help the exploration of potential substitutes for petroleum prod­
ucts.

The current petroleum products in the United States include: 1) gasoline, diesel 
heating and aircraft fuels with 44.2, 21.4, 11.5 and 6.6% by volume, respectively 
2) asphalt, lubricants, waxes and miscellaneous with a total of 12.2% by volume 
and 3) petrochemicals for organic raw materials, 4.1% by volume (White. 1979)
It is obvious that a great quantity of petroleum is used to  produce fiiels for 
transportation and heating. The m ^or types of products derived from petrochem 
icals are polymers and plastics (Princen, 1977). Today, the primary petrochemi 
cals used for organic feedstocks are lower olefins and aromatics (White, 1979) 
Ethylene and propylene are the starting point raw materials used to build up most i 
synthetic polymers and plastics. Butylene is converted into butadiene which is 
then used for manufacturing synthetic rubber. Currently, aromatic toluene and 
benzene are widely used in the United States as an octane booster in unleaded 
gasoline and for the manufacture of chemical products. Approximately 20% of 
the petrochemical benzene produced in the United States is used to manufacture 
phend; and 50% of phenol produced is used to make phenolic resin (White, 1979). 
The general utilization of crude petroleum is summarized as follows:

1) condensate ethane—heating
2) LPG propane and butane->heating
3) petroleum ether—solvent
4)' gasoline~4ransportation

. 5) b u ty le n e b u ta d ie n e —synthetic rubber «
* Q aromatics: benzene phenol—phenolic resins 

toluene -»• benzene—ethyl bejizene 
styrene—^polystyrene, etc.

7) naphtha steam reforming ethane—ethyl bei>zene
ethylene, polyethylene 

-*  etc.
8) kerosene—beating '
9) diesel—^transportation . \  '

,ilO)jetAiel—transportation
11) heavy o i l o x i d a t i o n e t h y l e n e

■ V “♦ propylene—polypropylcid
C '■ '.■'•-^.benzcne^ v>

KV,.'V ' etc.. ; v'.> '
fteam generation—heating, <i‘. ]- 

' i^-power • '"



CHEMICAL USE OF LIONOCELLULOSIC MATERIAL ;

The raw material is composed of a lignin-hcmicellulosc-ccUulosc complex. Pre­
treatment to separate the hemicellulose and Ugnin from cellulose is often required 
for the chemical utilization of lignocellulosic material (Brown and Jurasek, 1979). 
Chemical uses of lignocellulosic material are discussed individually under items
1, 2, and 5.

/. Cellulose

Cellulose is the most abundant organic material on earth. It, being a naturally- 
occurring high polymer, can be modified to produce cellulose derivatives without 
substantial alteration of the cellulose structure. Cellulose-based plastics .have a 
number of valuable properties but generally have been more costly than petro- 
chemically based plastics. However, such economic conditions may be changed 
as the price of petroleum continues to climb.

Cellulose, a linear polymer of anhydroglucbse units, can also be hydolyzed to 
^ucose by a number of routes. However, the hydrolysis is not as facile as that 
0f. starch. Hydrolysis to glucose can be catalyzed by either acids or enzymes. 
Acid hydrolysis by dilute acid at high temperatures causes decomposition of some 
pf the glucose formed to hydroxymethyif^urfural (Harris, 1975) limiting net sugar 
yield to about 50%.. Strong acid hydrolysis at lower temperatures can provide 

^bout the same yields of glucose (Kusama, 1960). Shafizadeh (1978) has shown 
fhat dry distillation of cellulose at 400-500®C gives about 80% of a tar which 
pontains mainly levoglucosan and may be converted to glucose in 50% yield based 
pn cellulose.

The conversion of cellulose to glucose is the first step in the potential large 
scale chemical utilization of cellulose. Of greatest potential importance is the 
fermentation of glucose to ethanol by commercially proven processes with high 
yields. Ethane^ is an important industrial chemical used as a solvent or as a 
Itarting point raw material for preparation and synthesis of many organic chem- 
|cals and it also has great potential to be used as a liquid fuel and as a petro> 
fhemical substitute (Johnston, 1979; Whitworth, 1976, 1977; Whitworth and Har- 
yvood, 1977). Ethanol is nowproducedby hydration of ethylene—a petrochemical 
(l.eriyed from crude oil. The dehydration of ethanol to ethylene, the reverse re> 
jikction to present ethanol formation from ethylene, also proceeds in high yield. 
Similarly, butadiene can be readily obtained from ethanol. Both ethylene and 
butadiene are important petrochemicals and have wide applications. In a chemical 
economy based on plant resources instead of petroleum, the ethanol coUld pro­
duce ethylene in 96% yield and could also be converted to butadiene in 70% yield 
by processes which have been proven commercially (Faith et al., 1965). Sugars, 
produced from the hydrolysis of cellulose, can also serve as the raw materials 
for the anaerobic production of hydrogen (Andersen et al.» 1979). Hydrogen is a 
clean and recyclable fuel and the use of hydrogen in energy systems has attracted 
tOBie attention (Gregory and Pangbom, 1976). Ethanol also has a potential use 
as octane booster in the fuel for internal combustion engines,(Holzman, 1979). 
A siimmary^of chemical utilization of cellulose is presented in Fig. 1.

Currently* the m ^or technical problem in ^ lu lo se  conversion to chemical
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Fig. I. Potential flow of starch w d  cellulose for chemical use.

feedstocks lies in the improvement o f cellulose hydrolysis to overcome problems 
of rate o f reaction and decomposition o f sugars resulting from the relative chem­
ical inaccessibility o f  cellulose. Some recent improvements have substantially 
increased the sugar yield on the experimental basis, such as removing the hemi- 
cellulose in a previous step or weakening the cellulose structure by pretreatment, 
allowing acid hydrolysis yield to approach 90% (Bungay, 1979).

2. Hemicelluloses

Hemicelluloses are polysaccharides which are short or branched polymers of 
5-carbon sugars, such as xylose, or 6>carbon sugars other than glucose They are 
more readily hydrolyzed by acid than cellulose and, consequently, :ire easily 
converted into simple sugars under mild conditions. In general, the hem’cellulose 

, o f  softw oods, upon hydrolysis, gives products that contain about equa. parts o( 
fermentable and nonfermentable sugars, while that o f  haidwoods gives sugars 
that are about 25% fermentable (I^ m an  and Wolfrom, 1949). The xylans wliicb 
are more abundant in deciduous trees, yield principally xylose, while the gluco- 
mannans, found in larger quantities in conifers, yield, mannose. Mannose and 
other bexoses can be combined with glucose for fermentation to ethanol. Xylose 
and other pentoses can be converted to furfural, or alternatively, xylose could be 
reduced to xylitol. Fuifuial once served as the raw material for nylon until dis> 
placed by butadiene, a chemical currently derived from petroleum. H owever, an 
abundance o f  fiufural at a  reasonable cost should stimulate its uses. Hy<^oIyzed 
hem icelluloses, pentoses and hexoses are also present in the waste streams pro  ̂
duced during chemical pulping; e .g ., sulfite waste lignins contain approximately 
2 mill tons/yr o f  free s u g ^ ,  principally hexoses, which could be used for the 
fermentation o f ethanol (National Research Council, 1976). Sugars from hemi* 
celluloses, such as xy lose, can also be used to produce hydrogen (Andersen et 
a l . ,  1979). - '
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Lignin is a  3-dimensionaI random polymer formed from phenyipiiipane iSiits. 

The principal by-product o f wood saccharification is an insoluble lignin residue. 
The lignin becom es soluble on heating in alkali dr certain organic substances 
(Pigman and VVolfrom, 1949). It constitutes a potential source o f aromatic chem­
icals such as benzene and phenol which are considered to be very important 
petrochemicals. The conversion o f lignin to simple compounds requires some 
drastic hydrogenation and hydrogenolysis processes similar to those contemplat­
ed for coal. The production o f phenolic products frcm the lignin by various hy­
drogenolysis techniques has been demonstrated, but no commercial production 
has been attempted. Complex mixtures o f phenols in yields o f up to 50% have 
been*reported (Goheen, 1971; Goldstein, 1975; Schweers, 1978); and projected 
yields o f 35% pure phenol have been suggested (Hellwig et a l., 1969). Benzene 
has been isolated as a component from lignin hydrocracking, and could be ob­
tained in 25% yield on lignin by dehydroxylation o f phenol (Goldstein, 1978). 
Other applications o f lignin, that are in need o f considerable research investment, 
are those that use this material in as high a polymtric slate as possible (e .g ., as 
a rigid plastic), as a filler, as adhesive or additive, or in lieu of/carbon black for 
strengthening rubber. According to a recent report (Crawford, 1980), production 
of useful chemicals from lignin by microbiological conversion is also possible and 
research in this field is being conducted. A scheme o f potential utilization o f lignin 
as a chemical feedstock is given as follows;

hydrogenation
Lignin " ‘ > phenolic--------------- —* P h en ol------------------► Phenolic

mixture resm

Benzene

C H EM ICA L USE O F STARCH

Starch is considered to be the most abundant reserve polysaccharide available 
to man; its synthesis takes place vigorously in the grains of cereal plants. Starch, 
like cellulose, is a high polymer composed o f D-glucose units. The molecules o f  
these polymers differ only in the manner in which the glucose units are joined 
together. Normally, starch contains about 20% o f a water-soluble fraction c ^ e d  
amylose, and 80% o f a water-insoluble fraction called amylopectin (Morrison and 
Boyd, 1973). Starch has considerable potential as industrial raw material. The 
industrial applications o f starch in the United States during 1974 had reached 
3,550 mill lb (Otey, 1977). Starch may becom e increasingly available, as an ag­
riculture residue, from grain processors upgrading the protein content of cei;tain 
cereal products by removing part o f the starch. Expanding use o f starch for 
industrial applications is highly possible in the future. Upon treatment with acid 
or under the influence o f enzym es, the components o f  starch are readily hydros 
lyzed progressively to dextrin, maltose, and finally glucose. Normally, hydrolysis 

starch gives a good yield o f glucose. A$ mentioned previously, s^ucose is the 
fermentable chemical used to  produce ethianol which can further be converted to



ethylene and butadiene. H ence, a number o f researchers believe ihat starch holtf^ 
considerable promise as a feedstock for some products currently made frotn pe­
troleum. Starch cati also be used directly to produce {vydrogen which is currency 
b<iing considered i s  a clean and recyclable fuel (Andersen et a l., 1979). In addi­
tion, the chemical industry is also considering the use o f starch to produce biode­
gradable and flame-resistant plastics and polymers (Otey, 1977). Some of the 
more promising uses for siarch, as a petroleum substitute or chemical feedstock, 
are listed in Fig. 1.

C H E M IC A L  USE O F  EX U D A T ES A N D  EXTRACTIVES

/ .  Plant latex

Plant latex is a milky or, less frequently, pale, cloudy, yellow or red fluid in 
specialized cells or tube-like structures known as laticifers in many species o f  
plants o f  diverse families (M etcalfe, 1967). It is a liquid matrix or serum containing 
minute organic particles in dispersion or suspension. This liquid may be in any 
or al! parts o f the plant and is considered by some as merely a b 5'-product of 
chemical processes involved in photosynthetic conversion of sunlight to energy 
and organic molecules (Shukla and Crishna-Murti, 1971). Latex Contains an as­
sortment o f substances including water, salts, hydrocarbons and various other 
organic compounds. Water and hydrocarbons have been found to be the principal 
components o f latex in many plants (Schery, 1972; Shukla and Crishna-Murti, 
1971). Normally, the hydrocarbons found in plant latex are polymers o f isoprene 
(CjHb) ranging from relatively large molecules, such as natural rubber (molecular 
weight: 500,000-2,(X)0,000), to  the relatively small molecules, such as som e pe* 
troleum-like materials (molecular weight: 50,0(K) or less). Natural rubber, com­
monly harvested by tapping Hevea trees, has been used as an important industrial 
material for a centur^ (Imle, 1978). More recently, a great deal o f inteiest and 
speculation has risen concerning the use o f plant latex as a substitute for petro­
leum (Calvin, 1979a, 1979b; Dehgan and Wang, 1979; Maugh, 1979; Nie'son et 
al., 1977). Euphorbia latex has received increasing attention because it contains 
a'mixture o f light hydrocarbons which have a molecular weiglit on the order o f 
20,000 instead o f 2 million. Hence, after the water is removed from the latex the 
resulting material is a liquid oil. The hydrocarbons from Euphorbia are primarily 
a blend o f  or compounds (Nielson et a l., 1979; Nielson et al., 1977)
^ a t , when subjected to catalytic cracking, yield various products virtually iden> 
tical to  those obtained by cracking naphtha (Maugh. 1979), a high quality petro­
leum fraction that is one o f the principal raw materials used in the chemical 
industry.

Euphorbia tirucalli L . was planted by a Japanese iirm on Okinawa with great 
success. The Japanese company has calculated that, with plants on 4-ft centers 
and at the present rate o f  growth, they could expect to produce between 5 and 
10 barrels o i oil per acre per year (Calvin, 1979b). Currently, several species o f 
Euphorbia are being investigated by scientists at the University o f  California 
(Calvin, 1979a). A potential prodi'ction o f 10 barrels o f  oil per acre in about 9 mo 
from E. lathyris L. w m  also calculated by the California scientists (Calvin, 1979a). 
The dry plant o f  E. lathyria contains 4^5% heptane extractives which collectively



have a heat valae o f 18,000 Btu>lb and these reduced photosynthetic materials 
consist almost entirely o f polycyclic trif.erpenoids (Nemethy et a l., 1979).

The exudate from copaiba tree {Copaifera langsdorffii Desf.) is also interesting 
and has attracted attention because its sap, which can be harvested by tapping, 
is an oil that can be used directly from the tree as a fuel for diesel engines (Maugh, 
1979). Results o f  a complete chemical analysis o f the oil obtained from copaiba 
tree indicate that the oil is composed entirely o f hydrocarbons and has a molec- 
ular-weight distribution very much like that o f diesel oil (Amer. Chem. Soc., 
1979). Copaiba trees grow wild in most o f  Brazil—from the tropical Amazon basin 

io  as far south as Rio de Janeiro, a latitude comparable to Florida. It was esti­
mated that an acre o f 100 mature copaiba trees might be able to produce 25 
barrels o f  fuel per year, and Brazilians are just beginning to plant copaiba trees, 
on an experimental basis, to study its potential.

2. Plant resins

Plant resins include a number o f terpene compounds an^ their derivatives. The 
parent hydrocarbons, on which the varion's derivatives are based, have carbon 
structure which may be regarded as being built up o f isoprene units (CjHs). They 
are classed, according to their molecular size, as monoterpenes (C,oH,s), sesqui­
terpenes (CisH 24). diterpenes (CaoH.- )̂ and triterpenes (C3 0H 48). Derivatives o f  
these, containing hydroxyl, carboxyl, and other substiiutent groups also occur 
(Farmer, I%7).

Resin is usually found in special cells and canals in a wide variety o f plants 
and plant parts. The most important commercial resins come from the Pinaceae. 
Some Far Eastern resins (damars) from the Dipterocarpaceae and several highly 
aromatic resins (balsams) from the Leguminosae and Burseraceae are also being 
used commercially.

Of all the plant resins that are produced in this country, those products from 
pines known as naval stores have the largest aggr egate volume and value. Nor­
mally, pine resins arc present in trees as volatile oils (turpentine) and nonvolatile 
resins (rosin) and currently collected or produced from oleoresin (gum naval 
stores), resinous wood (wood naval stores), or sulfate pulping by-products (sulfate 
naval stores). Chemicals in turpentine include a-pinene, jS-pinene, camphene and 
some otner terpenes. Turpentine has been used as a solvent and a chemical raw 
material. Rosins from pine trees consist primarily o f diterpene resin acids o f the 
abietic type and pimaric type. Crude southern tall oil, a sulfate naval stores 
product, contains 40-60% resin acids, 40-50% fatty acids and 5-10% neutral 
constituents. Rosins and tall oil fatty acids are primarily used as chemical inter­
mediates and coatings. It is believed that naval stores could become a  source o f  
isoprene and & substitute for styrene which are by-products o f  petroleum and key 
chemicals in making synthetic rubber and other polymers; therefore, interest in 
utilizing such chemicals for industrial feedstocks has increased during jthe past 
few  yeais. Since Uirpentine is a highly combustible chemical, consideration has 
also been given to the incorporation o f  turpentine into automobile fiiel formula­
tions (Collier, 1977; Zinkel, 1975). A comparison o f heats o f  combustion o f var­
ious fuels is presented in Table 1 to show the energy potential o f turpentine—the
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heat content o f turpentine is equivalent to that normally found for gasoline. It is 
believed that a  mixture o f turpentine with gasoline could be as promising as gasohol 
in some areas.

A market growth for chemical products from naval stores can be expected as 
they hold great potential for partially replacing many o f the petroleum-based raw 
materials in industrial manufacturing processes (Bungay and Ward, 1977: Na­
tional Research Council, 1976). Today^ potential new sources, such as lightwood 
from paraquat-treated pine (Bungay and Ward, 1977; Robert, 1973) and foliage 
biomass (Barton, 1978) are being examined, and the availability o f  naval stores 
chemicals will increase gradually. Projected use o f tuipentine, rosin and till oil 
fatty acid in the United States for the year 2000 could reach to 5,090, 15,270 and 
550 mill lb respectively (National Research Council, 1976).

3. Essential oils

Essential oils are widely distributed through the plant kingdom, unusually abun­
dant in several unrelated plant families such as the L>abiatae, Rutaceae, Gerani- 
aceae, Umbelliferae, Compositae, Lauraceae, Myrtaceae, Gramineae, and Le- 
guminosae. Essential oils consist chemically o f a variety o f organic substances. 
Including benzene derivatives, terpenes, and various other hydrocarbons and 
straight-chain compounds. They usually occur as mixtures o f  more than one oil. 
In comparison with other oils, essential oils have smaller molecules, ordinarily 
fewer than 20 carbon atoms. They are typically liquid and possess an aromatic 
fragi'ance, owing to their volatilization upon contact with air. They may be readily 
extracted from plant tissues by steam distillation, expression, or solvent extrac­
tion. U ses o f  essential oils are varied. Although the chief u^es o f essential oils 
are for peifomery and flavoringj, these chemicals also have many additional uses



in medicinals and as an industriaJ raw material. To som e extent essentia] oils can 
be converted into certair fine products by simple chemical techniques. It was 
reported that the convers.on can be very attractive commercially, since the mar­
ket value o f the converted derivative is often worth many times that o f the original 
precursor (Barton, 1978). An example is citronellol, which may be produced from 
either or- or jS-pinene (major constituents o f many essential oils) in a 4-step syn­
thesis. involving hydrogenation, heating, acidification and alkaline hydrolysis 
(K eays and Barton, 1977). Another example is napoF, a primary alcohol obtained 
from the reaction o f /3-pinene and formaldehyde (K eays and Barton, 1977). Some 
essential oils can be obtained inexpensively as by-products o f other industries. 
For example, a number o f industrial oils are obtained from citrus residues after 
juice extraction from oranges, grapefruits, and other Citrus species o f the Ru- 
taceae. Citrus stripper oil is currently obtained as a by-product from the pro­
cessing o f the peels o f  oranges and grapefruits for molasses. This citrus oil con­
tains 95% D-limonene, a monocyclic terpene used as a raw material in making of 
fine organic chemicals. Increasing use o f limonene for industrial materials is ex­
pected (National Research Council, 1976). Like tutpentine, essential oils are high­
ly combustible. A recent research project conducted in Japan was aimed at using 
eucalyptus oil as an alternative to gasoline. The Japanese have carried out com­
parative tests o f gasoline, eucalyptus oil, and a 70/30 eucalyptus oil/gasoline 
blend. According to the USDA report on energy activities (1979), eucalyptus oil 
had fairly good performance as an engine fuel, and they believe Shat blends with 
gasoline are seen to be most promising.

4 .  Vegetable oils and waxes

Oils and waxes are common in many plant species. Oils are found abundant in 
seeds, and waxes are normally rich on the surface o f leaves or stems. Chemically, 
oils and waxes are very similar and consist o f fatty acids and their derivatives. 
Vegetable oils are an important class o f extractives from the standpoint o f vol­
umes and values. Most o f the vegetable oils used today are produced by agri­
cultural means. The production of plant oils is frequently on the order o f thou­
sands and even millions o f tons annually (Pryde, 1977), and these plant oils are 
necessary in one way or another for a variety o f industries. Industrial usage o f 
vegetable oils, like many other natural products, has suffered competitive pres­
sure from cheap petroleum-based synthetics. However, vegetable oils still retain 
som e industrial markets for such uses as coatings, plasticizers, surface active 
agents, lubricants, and as raw materials for some chemical industries. The use of 
vegetable w axes, on the other band, has been largely limited to a few special 
types by the competition from cheaper synthetic and petroleum waxes (paraflin). 
The most important vegetable wax is obtained from the camauba palm (Cope>-~ 
nicia cenfera Mart.) grown in the northeastern states o f Brazil. The utilizatioi 
o f  vegetable oils and waxes for energy and chemicals has been the subject o f 
much discussion during recent years (Buchanan et a l., 1978a; Buchanan et al., 
1978b; Laver, 1978; National Research Council, 1976; Pryde, 1977). Systematic 
screening programs for oil-producing crops and research to obtain good vegetable 
waxes from diverse plant materials have been undertaken ^ d  some promising 
candidates for hew crops with seed oils o f  various fatty acids have been reported
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(I^ ncen , 1977). Expanding and new uses o f  vegetable oils are expected because 
some o f them can be used inexpensively (National Research Council, 1976; Pryde, 
1977) ds alternatives to petrochemicals, and as sources for long-chain aliphatic 
compounds. Vegetable oils also have great potential to be used as liquid fuel or 
as a source for hydrocarbons. Vegetable oils are combustible and some o f them 
will combust in diesel engines. Normally, considerable amounts o f heat can be 
produced from the combustion o f these oils (Table 1). The average heat value o f  
common triglyceride oifs is equivalent to that normally obtained from fuel oil. 
Since the conversion o f carboxylic acid to hydrocarbon, decarboxylation, is tech­
nically possible in a number o f  ways, M s  believed that some hydrocarbons can 
also be produced from the plant oils.

5. Tannins and phenolic compounds

Many plants contain considerable amounts o f tannins and phenolics which are 
“CoUectivcly termed polyphenols or polyflavonoids. These substances are soluble 
in water, alcohol or acetone. Normally, the hydrolyzable tannins are esters o f a 
sugar with one or more polyphenolic acids: gallic, digallic, or ellagic acid. The 
condensed tannins, on the other hand, ar: complex molecules, the basic unit o f  
which is, in many cases, catechin (Farmer, 1967). Although the complete chemical 
structures o f  the condensed tannins and other types o f polyflavonoids from plants 
are not well established, certain features have been described. These substances 
<ionsist, at least in part, o f  epicatechin and catechin units linked from the 0*4 
posiUon o f one to an undetermined position o f another (Hemingway and McGraw, 
1976, 1977; Karcbesy et al., 1976; Sears and Casebier, 1970). Traditionally, they 
have found wide use in tanning leather, in oil-well drilling, and in many other 
areas. The polyphenols or polyflavonoids, because of their functional phenolic 
hydroxyl groups which offer strong nucleophilic centers as anions for attack by 
the fom aldehyde, have attracted much attention aimed at making adhesive com­
positions since early 195(^ (Van. iw jfiim  and Cook, 1951). Stephaa (1954) pto^



posed a plywood adhesive formulation from alkaline extraction o f redwood bark 
and many similar attempts immediately followed (Anderson and Runckel, 1961; 
Hall et al., I960; Herrick and Bock, 1958; Herrick and Conca, 1960; Plomiey, 
1966; Flomley et al.. 1964). This type o f use appears particularly attractive be­
cause o f the present concern over future restriction on the supply and price o f  
petrochemical phenol. Today, 50% of this petrochemical is used to ^eoduce resin 
for adhesives (White, 1979). Much effort has been and presently is being made 
to use these vegetable phenolics as replacements for peti oleum-derived phenol 
or resorcinol in adhesive formulations (Henriingway, 1977). Anderson et al. 
(1974a, 1974b, 1974c) h?ve conducted a series o f studies on particJeboard'^he- 
sives and prepared particleboard resins from some tannin-rich species by extrac­
tion o f the bark with sodium carbonate and curing the extract with paraformal­
dehyde. Several tannin adhesives were also prepared from the wattle bark extrac*^ 
by Saaymon and Oatley (1976) in South Africa. U se o f southern pine bark poly- > 
flavonoids in exterior wood adhesive formulations has been evaluated by Hem­
ingway and McGraw (1977) and investigations are jbeing continued. Saaymon and 
Brown (1977) studied the fortification o f starch corregating adhesives with tannin- 
formaldehyde resins and this approach seemed to work well with wattle tannins. 
Currently, tannins are commercially used for wood adhesives in South Africa as 
well as in Australia.

SUMMARY AND CONCLUSIONS

Technically, the utilization of plant materials as a supplemental source for 
liquid fuels and chemical feedstock is possible and this approacji appears prom­
ising as a means o f minimizing our dependence on fossil energy. The genentl use 
of petroleum and the potential flow o f plant materials for chemical use are sum­
marized in Fig. 2.

Application o f these plant-derived chemicals as a supplementary source for 
energy and chemicals would become increasingly attractive and important as the 
price o f  petroleum continues to go jp. Development o f these renewable resources 
will present many new challenges to chemists, biologists and engineers.
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BOOK REVIEWS

niotographkr Manual of Woody Landscape Plants. Michael A,. Oirr. 378 pp. illus. Stipes
Publishing Company. Champaign, IHinois, 1978. $14.60 (soft cover).

This book is a companion piece to Dirr’s M anual o f W oody Landscape Plants, which 
was reviewed in Economic Boiany  33(2). It attempts to fill a "long . . . evident” need in 
ornamental honiculture and landscape architecture “ for a reference text which encom­
passes photographs of plant habit and ornamental characleristics." To this end, it presents 
black>and-white photographs— 1.295 of them—of plants, including habit and. where ap­
propriate. leaves, flowers, fruit, and bark; both summer and winter habit shots are included 
for a number of species. Truly a picture book this, the text is minimal, giving notes on 
description, soil preference, landscape value, faults, and hardiness zone.

The major criticism I have is that some of the photographs are so pale that they obfuscate 
rather than elucidate their subject. Aside from this, the book will serve its purpose well. 
1. for one, will keep it handy next to Dirt's M anual.

J o h n  W. T h i e r e t ,  N o r t h e r n  K e n tu c k y  U n iv e r s i t y ,  H i g h l a n d  H e ig h t s ,  K Y  41076

Food and Drugs in America. Eiline Kingsley. 133 pp. illus. Energy Held Publications. Los 
Angeles, California, 1980. $6.95.

The author, a teacher of health communication at the University of Southern California, 
offers in this little book a unique theory on the non^protein nitrogen effect of alkaloids on 
the citric acid cycle and how our social conceptions of presumably beneficial alkaloid 
effects have been restricted by paradigms about drugs.

Divided into 10 chapters, the material on the American diet is developed step by step: 
(I) “Orijjas of American Consumption,” (2) ' ‘Sociological Persuasion,” (3) “ Psycholog­
ical Invasion,”  (4) “ Physiological Addiction,” (5) “ Biochemical Transformation,’* (6) 
''Pharmaceutical Documentation,”  (7) “ International Consumption,” (8) “ Alkaloid Com­
mercialization,” <9) “ Cocaine Importation,”  and (10) “ Medical Recommendations.”

The last chapter summarizes theme of the bookt isaying “ that we need to rethink 
the ways that we communicate about food and drugs in America” and “ that food and drug 
abuse are different expressions o f the same attitude and just because we label a plant a 
'drug* does not mean it will have no nutritional effects.”
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