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Acetylation of Rice Straw with or without Catalysts and Its
Characterization as a Natural Sorbent in Oil Spill Cleanup
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An investigation of the acetylation of rice straw with acetic anhydride at 100 and 120 °C for 1—4 h
with four tertiary amine catalysts (pyridine, 4-dimethylaminopyridine, N-methylpyrrolidine, and N-meth-
ylpyrrolidinone) or without catalyst in a solvent-free system was undertaken, and the extent of
acetylation was measured by weight percent gain, which increased with the extent of reaction time
and temperature and the amounts of catalyst used. 4-Dimethylaminopyridine was found to be the
most effective catalyst of those studied. At a concentration of 7% of the catalyst in acetic anhydride,
a weight percent gain of 15.4% was realized, compared with 11.2% for the noncatalyst reaction,
after 0.5 h of exposure to the system at 120 °C. Characterization of acetylated straw was performed
by FT-IR, CP MAS 13C NMR, and thermal studies. Interestingly, the acetylated straw is significantly
hydrophobic and does not get wet with water, thereby offering potential for the better utilization of
cheap waste materials as natural sorbents in oil cleanup.
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INTRODUCTION world, and it has been shown that acetylation is a very effective

In many countries, rice straw is an abundant lignocellulosic Way of enhancing wood properties, which eliminates the defects
byproduct from rice production in farming. Among these large in wood as it is highly hygroscopic by nature, resulting in
quantities of agricultural residues such as rice straw, only a swelling and shrinking due to variations in humidity, etc. As
minor portion of the straw is reserved as animal feed, householdwater is added to the cell wall, swelling of wood increases up
fuel, or raw materials for the paper industry. Huge quantities to the fiber saturation point, and wood shrinks as it loses
of the remaining straw are not used as industrial raw materials moisture below this point. The cellulose and hemicelluloses,
and are burnt in the fields or on the side of the road in some being more hydroscopic than lignin, are mainly responsible for
developing countries. For an agricultural country such as China, moisture uptaked). These defects can be reduced considerably
the pollution caused by burning agricultural residues in this area by chemical modification of its constituents. One of the methods
is a serious problem todayl); Lignocellulose is the main  relies on the fact that the hydroxyl groups, which are mainly
component in rice straw, which is a compact structure of responsible for its hygroscopicity, attached to cellulose, lignin,
cellulose (28-36%) and hemicelluloses (228%) in close and hemicelluloses, can be changed to hydrophobic groups by
association with lignin (1216%) @). The former two compo- acetylation. In general, the anhydride or the acid chloride is
nents are hydrophilic, and the latter is hydrophobic. However, considered to react with the hydroxyl groups of wood compo-
straw is sparingly insoluble in water and in organic solvents nents such as lignin and polysaccharides. Treatment of wood
only partly because of the hydrogen bonds between polysac-with acetic anhydride has always been considered to be the
charides and adhesion of lignin to the polysaccharides. However,basis of the water repellence and dimensional stabilization
these agricultural residues represent an abundant, inexpensiveacquired by wood4, 5). Acetylation also improves resistance
and readily available source of renewable lignocellulosic to tunneling bacteria, termites, and brown-, white-, and soft-rot
biomass, particularly for the production of novel materials for fungi (6, 7). As far as the authors are aware, the use of such
environmentally friendly industrial utilizations after chemical acetylation to prepare straws as a natural sorbent in oil spill
modification. cleanup has not been report&theme 1shows the reaction

Modification of wood with organic anhydrides, in particular  for acetylation of rice straw with acetic anhydride. The reaction
with acetic anhydride, has been extensively studied all over the inyolves the generation of acetic acid as a byproduct, which
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Scheme 1. Acetylation of Straw with Acetic Anhydride dissolve in acetic anhydride at the concentrations studied. Reaction was
terminated after the required time, by decanting off the hot reagent,
o 0 2 and the acetylated straw was thoroughly washed with ethanol and
—CH;, O/E\{;H3 + Ho/g_cHs acetone to remove the un-reacted acetic anhydride and acetic acid
Straw--——-OH  + oH, | Strew— byproduct. Samples were then dried in an oven at®®or 16 h and
(ﬁ) transferred to the desiccator to cool to ambient temperature prior to

reweighing. The oven-dry straws were weighed to determine the weight
gains on the basis of initial oven-dry measurements. To reduce errors
and confirm the results, each experiment was repeated three times under

Pollution of offshore and shoreline waters is not an unex- the same conditions, and the weight percent gain (WPG) represents
pected consequence of the recent growth in offshore explorationthe average values. The influence of DMAP concentration upon the
and production and ship transport of oil. Runoff from oil fields rate of reac_tion of acetic anhyc_iride with rice straw was_also investi-
and refinery areas and, in some cases, process effluent fronpated. _In this case, straw was |mpregnated with a solution of DMAP
petroleum and petrochemical plants constitute a pollution hazard'" acetic anhydride at concentrations of 1, 2, 3, 4, 5, 6, and 7% of
for inland waters. Such pollution can pose a serious hazard to ?%AOE ?asg(é ?]n the dried straw, and the reaction was performed at
the indigenous wildlife population and water supplies for human orvsh

i | ticul in th iddl t of Chi Spectroscopic and Thermal CharacterizationThe FT-IR spectra
consumption §). In particular, in the middle west o ina, _of the raw and acetylated straws were recorded from dismembrated

namely, Gansu Province and the western part of Shaanxisamples (1%) in KBr pellets by a Nicolet-510 FT-IR spectrophotometer.
Province, there are many petroleum production fields and The solid-staté3C NMR spectra were obtained using a Bruker MSI-
refining plants. In recent years, there have been tremendous300 spectrometer at 74.5 MHz with magic-angle spinning and cross-
increases of accidental and intentional oil discharges during polarization (CP MAS). About 250 mg of sample was packed into
production, transportion, and refining in this area. Spilled oil zirconia rotors for MAS at~4 kHz. The CP contact time was 5 s,
causes immense environmental damage unless it is removed agcquisition time 0.1, and total acquisition time 2 h.
quickly as possible. One of the most economical and efficient ~ Thermal analysis of the unreacted and acetylated straw was per-
means for the removal of spilled oil from either land or sea is formed IUS_'“Q :hezgggcr)a“me“!c aﬂa'ys's (TtGhA) anld d'fflere”t'(a"\'l Stcan-h
the use of sorbents. Synthetic sorbents such as polypropylend!"d c&lorimetry on a simuttaneous thermal analyzer (Netzsc
and polyurethane are the most commonly used commercial >/ #09): Al of the measurements were made under nitrogen flow
- - . . (160 mL/min), keeping a constant heating rate at@0min and using
sorbgnts in oil Sp_'” _CIeanup due to the|r_ oleophilic and hydro- an aluminum crucible with a pinhole. Each sample was heated from
phobic characteristics9). These synthetic sorbents, however, oom temperature to 60TC.
are not biodegradable. In comparison, the acetylated straws used o absorptivity. Machine oil (20 g) was suspended in water in a
as good absorbents have the characteristics of low cost, highpeaker. The acetylated straw (0.5 g) was added and mixed for 1 min at
capacity, and quick uptake and are easy to desorb because thesom temperature. The oil was found to be absorbed immediately by
acetylated straw is significantly hydrophobic and does not get the acetylated straw. The straw was then picked out and weighed to
wet with water. Thus, they could be used effectively to recover determine the oil absorptivity.
oil spilled in bodies of refining or heavy industrial waste water
and in the water of lakes, rivers, and oceans. The oil includes RESULTS AND DISCUSSION
machine oils, edible oils, heavy oils, and crude Gi0)(

Therefore, the purpose of the present study was to investigateI !Effeﬁts OJ Reaﬁuon T'me.é"nld Catzlyst don WPG’fA‘(I:etK' ical
the effect of a solvent-free system on rice straw acetylation at ‘atlon has been the most widely used and successiul chemica

different times and temperatures with or without catalysts. modification of woo_d and is a single-site reaction that replaces
4-Dimethylaminopyridine (DMAP), pyridinelN-methylpyrro- a hydroxyl group with an acetyl group. Acetyl groups are more
lidine (MPI), andN-methylpyrrolidinone (MPO) were used as hydrophobic than hydrox_yl groups; therefore, replacing some
catalysts. Fourier transform infrared (FT-IR) and solid-state of Fhe hydroxyl groups with acetyl groups reduces the hyd.ro-
carbon-13 nuclear magnetic resonariée (NMR) spectroscopy philic property of the cell wall polymers. The acetyl group is
were performed to investigate the reaction. Thermogravimetric also larger than the hydroxyl group; therefore, the material
analysis (TGA) and differential scanning calorimetry (DSC) updergoes permanent expa.n3|ohl,(12). Among several
analysis were carried out to study the thermal behavior of different methods 9f acetylation, one of the more commonly
acetylated rice straw to compare it with the control. The used procedures is performed without solvent because the

absorption property of the acetylated straw was tested usingSOIV_e,m reduces the reaction rate by dilution_of modifiers. _In
machine oil. addition, use of a solvent would require complicated separation

procedures to recover the chemicals after the reaction. Organic
solvents are often harmful to humans and the environment.
Therefore, it is best to eliminate organic solvents in the reaction
Materials and Reagents. Rice straw was obtained from the System {3). In this study, acetylation of rice straw was
experimental farm of The North-Western Sciences and Technology performed using a simplified procedure (without solvents) with
University of Agriculture and Forestry (Yangling, China). It was dried  or without catalystsTable 1 shows the effect of the reaction
in sunlight and then cut into-12 cm length pieces. The cut straw was  time and temperature as well as different catalysts on the WPG
further dried in an oven at 6 for 16 h before use. Acetic anhydride,  of treated straws. At 120C, the WPG increased quickly at the
DMAP, pyridine, MPI, and MPO were purchased from Aldrich-Sigma e ginning of the reaction as shown by a WPG of 11.2 at 0.5 h.
Co. (Beijing, China). After that, the WPG increased slightly with the increment of

ated with pure acetic anfydiid o an sbetic anhycndelcatayst pieng E2CtON time. The acetylated straw measured 11.2% WPG at
0.5 h and 12.8% WPG at 4 h. In other words, an increase in

(either 3 or 10% of catalyst, by weight) at a solid-to-liquid ratio of 1 . . .
g/20 mL in a 500-mL flat-bottom flask using atmospheric pressure with '€@ction time from 0.5a4 h resulted in a growth of WPG only

a reflux condenser fitted at 100 or 120 for 0.5, 1, 2, 3, and 4 h. The by 1.6%. This indicated that at higher temperature, acet_iC
following catalysts were used: pyridine, DMAP, MPI, and MPO. anhydride swelled the straw at a very fast speed, making reactive
Although DMAP is a solid at room temperature, it was found to readily chemical sites more accessible and, therefore, enhancing the

Acetic anhydride Acetylated straw

MATERIALS AND METHODS
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Table 1. Yield of Acetylated Rice Straw Obtained under Various catalyst of analytical acylations by acetic anhydride, having a
Conditions specific catalytic activity~10* times greater than that of pyridine
(20). As far as the authors are aware, there have been no reports
acetylation conditions acetylated straw of its use as a catalyst for the acetylation of cereal straws using
solid-to-liquid temp  reaction  catalyst (% of OA* (g of oilig acetic anhydride. In this study, DMAP was, therefore, used as
ratio® (g/mL)  (°C) time(h) dried straw) sample WPG®  of straw) a possible straw acetylation catalyst, and its result was compared
1:20 120 05 0 1 112 16.8 with those of two other tertiary amine catalysts, MPI and MPO.
1:20 120 10 0 2 11.8 18.2 As can be seen frorifable 1, addition of 1% DMAP in the
1f20 120 15 0 3 120 18.7 reaction system at 120 for 0.5 h resulted in an increment of
1:20 120 20 0 4 122 18.8 - .
120 20 30 0 5 124 192 WPG by 2.4% (sample 7). Similarly, an increase of DMAP
1:20 20 40 0 6 12.8 20.1 concentration from 1 to 7% led to an increment of WPG from
1:20 120 05 DMAP,91 7 136 209 13.6 to 15.4%. Obviously, the highest weight gain (15.4%) was
1:20 120 05 DMAP,2 § 138 2L6 obtained with 7% DMAP at 120C for 0.5 h (sample 13). At
1:20 120 05 DMAP, 3 9 14.0 21.8 : -
120 120 05 DMAP. 4 10 1492 20 3% concentration of DMAP, MPI, MPO, or pyridine, the value
1:20 120 05 DMAP, 5 11 148 23.0 of WPG obtained under the reaction condition given (1G0
1:20 120 05 DMAP, 6 12 150 235 0.5 h) was found to be 8.7, 6.5, 4.3, or 4.0%, respectively.
158 138 82 (E)’MAF” ! ﬁ 13-‘7‘ ’2\1‘:3-8 Similar data of WPG were observed at 10% concentration of
120 100 05 DMAP, 3 15 8.7 ND the catalysts. This |nd|cate.d.that DMAP, MPI., and MPO are
1:20 100 05 pyridine, 3 16 4.0 ND all better catalysts than pyridine, MPI is superior to MPO, and
1:20 100 05 MPI, 3 17 6.5 ND DMAP is the best one studied in the acetylation of rice straw
1:20 100 05  MPOS3 18 4.3 ND without solvent under the condition used.
1:20 100 05 DMAP, 10 19 9.7 ND . .
1:20 100 05 pyridine, 10 20 45 ND The reaction of any reagent with a complex substrate such
1:20 100 05 MPI, 10 21 7.1 ND as rice straw will be inherently complicated. Particularly, the
1:20 100 05  MPO,10 22 49 ND hydroxyl groups can be distinguished as being phenolic,
benzylic, or alcoholic on the lignin regiond and as alcoholic in
2 Solid-to-liquid ratio represents ratio of dried rice straw (g) to acetic anhydride the carbohydrate. The alcoholic hydroxyl groups occur either

(mL). ® WPG represents the weight percent gain of rice straw due to acetylation,
and it was calculated according to WPG (%) = [(wt gain/original wt)] x 100. ¢ Oil
absorptivity (g of oillg of acetylated straw). ¢ 4-Dimethylaminopyridine. & Not
determined. f N-Methylpyrrolidine. 9 N-Methylpyrrolidinone.

primarily or secondarily, and the phenolic hydroxyl groups are
attached to an aromatic ring, which has various substituents
attached 21). Therefore, each of these groups will exhibit a
different reactivity toward acetic anhydride. For example, on
the basis of study of acetyl distribution in acetylated whole wood
and reactivity of isolated wood cell wall components to acetic
anhydride, Rowell et al2@Q) reported that the order of reactivity
was found to be lignir> hemicelluloses> holocellulose (the
product obtained after the removal of lignin from wood).
Cellulose did not react with acetic anhydride in the absence of
a catalyst. At a level of bonded acetyl where all of the hydroxy!
groups were substituted on the lignin polymer, orl20% of

the total theoretical hydroxyl groups on the holocellulose were
Substituted. In other words, lignin reacted at a faster rate with
acetic anhydride than the hemicelluloses, which reacted more
rapidly than the holocellulose fraction. Previous studies by
Satchell (8) and Hill et al. 1) also found that the initial step

reaction rate. A slight increment of acetylation by prolonging
the duration of reaction was a direct consequence of the
favorable effect of time on the diffusion and adsorption of the
reactants between the acetic anhydride and rice straw molecule
(14). On the other hand, this rather high reaction rate at®20
during the initial 0.5 h followed by a decreasing rate during
the remainder of the reaction time was also probably due to
acetic acid (yielded as byproducts during the reaction procedure),
which reduced the concentration of acetic anhydride and then
decreased the reaction rate, even though at low concentration
up to~10% acetic acid in the anhydride accelerated the reaction,
but at a higher concentration a retardation occurs).(In
addition, as the data show iFable 1, an increase of reaction ) ) K X -
temperature from 100 (sample 14) to 12D (sample 1) led to in the mechanlsm for the reaction of gqeﬂc anhydride with a
an increment in WPG from 3.7 to 11.2% under the reaction Nydroxyl group involves the nucleophilic attack on the acyl
conditions given (0.5 h, without catalyst). The reason for this c&rbon center of the acetic anhydride molecule by a lone pair
enhancement of acetylation by increasing temperature was®f the alcoholic (or phenolic) hydroxyl group; subsequent loss
presumed to be due to the favorable effect of temperature on©f acetic acid generates the ester. Therefore, the rate of the
the compatibility of the reaction ingredients, the swellability of "€action will depend on the nucleophlicity of the relevant OH
the straw, the diffusion of the esterifying agent, and the mobility 9roups. In addition, the use of a catalyst such as pyridine
of the reactant molecule44). All acetylated straws were found =~ Promotes the formation of a pyridinium salt intermediate, the
to be brighter and lighter in color. A similar phenomenon has Positive charge on the pyridinium nitrogen adjacent to the acyl
been reported by Rana and co-worket§)(in studies of the carbon center endowing the Ia}tter with enhanced glectroph|llc
acetylation of jute using an acetic anhydrigeyridine system. ~ character, and subsequently increases the reaction 2ae (
This may be attributed to the process that removed some Furthermore, the rate of reaction for whole straw may be

extractives, thus giving light-colored straws. controlled by the rate of diffusion of acetic anhydride into the
To accelerate the rate of reaction of acetic anhydride with cell wall.
wood, several catalysts have been examiigyl A@mong these, FT-IR Spectra. To determine whether a chemical reaction

pyridine is believed to be effective, because it not only swells was taking place between rice straw and acetic anhydride,
the wood structure, thereby permitting effective ingress of samples were subjected to analysis by FTHIRure 1illustrates
reagent, but also catalyzes the reaction via nucleophilic mediatedFT-IR spectra of unmodified rice straw (spectrum 1) and
catalysis 18, 19). However, this chemical is toxic, has an acetylated rice straw sample 13 (spectrum 2) prepared at 120
unpleasant odor, and is not suitable for use in large-scale °C for 0.5 h with 7% DMAP as a catalyst. The absorbances at
reactions. Interestingly, DMAP has been found to be an effective 3443, 2945, 1646, 1520, 1447, 1049, and 903 tseen in
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Figure 2. FT-IR spectra of acetylated rice straw samples prepared at
120 °C for 0.5 h (spectrum 1, sample 1), 2.0 h (spectrum 2, sample 4),
and 4.0 h (spectrum 3, sample 6) without catalyst.

Figure 1. FT-IR spectra of unmodified rice straw (spectrum 1) and
acetylated rice straw sample 13 (spectrum 2) prepared at 120 °C for 0.5
h with 7% DMAP as a catalyst.

spectrum 1 are associated with native rice straw. A strong band
at 3443 cm? originates from OH stretching. An intensive band
at 1646 cmtis assigned to HO—H bending of absorbed water.
A sharp and strong band at 1049 chis attributed to G-O
stretching in cellulose, hemicelluloses, and lignin or@-C
stretching in cellulose and hemicelluloses6)( The small
absorbances at 1520, 1447, and 1335 toorrespond to the
aromatic skeletal vibrations and ring breathing with-@
stretching in lignins ). A small sharp band at 903 crharises
from S-glucosidic linkages between the sugar units in hemi-
celluloses and cellulose®3). A shoulder band observed at
~1750 cntt is due to the absorption of carbonyl stretching of
ester and carboxyl groups, which are the most abundant in straw
hemicellulosesZ4). In comparison, the spectrum of acetylated
rice straw (spectrum 2) provides evidence of acetylation by
showing the presence of three important ester bonds at 1752
cm~1 (C=O0 ester), 1381 cm' [C—H bond in an—O(C=0)-
CHjz group], and 1242 cmt (—CO-— stretching of acetyl group)
(25). In addition, decreased peak intensity at 3443 tdue to :
stretching vibrations of OH in acetylated straw sample indicated
a partial acetylation. As was to be expected, the absence of
absorption in the region 184760 cnt! in spectrum 2
indicated that the product is free of the unreacted acetic
anhydride. The lack of a peak at 1700 ¢hfor a carboxylic
group implied that the products are also free of the byproduct
of acetic acid.

The effect of reaction time on the WPG was also investigated
by the peak intensity of acetylated straw samples. As shown in ™ ™ 7 /@ &0 0 w0 gm0 R 0 s @ w w0

Figure 2, an increment in reaction time from 0.5 h (Spectrum g0 3 CP MAS 13C NMR spectra of unmodified rice straw (spectrum

1, sample 1) to 2.0 h (Spectrum 2, s_ample 4)_ and t_o 4'O_h a) and acetylated straw sample 6 (spectrum b) prepared at 120 °C for 4
(spectrum 3, sample 6) resulted in an increase in the intensity, ' ot catalyst.

of the three ester peaks at 1752, 1374, and 1242'cbut a

170.7
—209

——106.1
84.
—753
65.
——346
—215

(@

decrease in OH stretching, indicating a raise of acetylation, phous cellulose), C-2, C-3, and C-5 (75.3 ppm), and C-6 of

which corresponded to the data of WPTable 1).

CP MAS 13C NMR Spectra. The acetylation reaction of rice
straw was also monitored by CP MASC NMR spectroscopy.
Figure 3 shows the CP MASY™C NMR spectra of both

cellulose and C-5 of xylan (65.4 ppnm28). Two small broad

sharp peak in the aliphatic region for gllignal at 34.6 ppm
as well as a shoulder band for Oggtoup at 58.0 ppm in lignin

peaks in the aromatic region between 110 and 160 ppm and a

unmodified rice straw (spectrum a) and acetylated straw samplewere observed in both of the spectra. The strengthening of the

6 (spectrum b), prepared at 12Q for 4 h without catalyst. lignin pattern in thé-*C NMR spectrum of acetylated rice straw

Evidently, in spectrum b the methyl band of the acetyl group should be noted. This is an unusual effect, and no immediate
at 20.9 ppm and the carboxylic group at 170.7 ppm revealed explanation can be offered for it. A similar observation has been

the presence of acetyl groups and the occurrence of acetylatiorreported by Boonstra and co-worke@y7) in the study of the

in sample 6. On the other hand, both spectra were very similar chemical modification of Norway spruce and Scotch pine. The

in the carbohydrate region (610 ppm), namely, C-1 (106.1

authors stated that increased spacing due to the bulking action

ppm), C-4 (90.1 ppm, crystal cellulose, and 84.7 ppm, amor- of the chemical and the slight carbohydrate cleavage by the



6432 J. Agric. Food Chem., Vol. 50, No. 22, 2002 Sun et al.

of the acetylated rice straw is higher than that of the untreated

“1 0 rea @ [* rice straw and that the thermal stability of the acetylated straw
100 - increased with an increment of WPG.
¥ - A DSC thermogram of rice strawF{gure 4a) in N
§ o I atmosphere gives a big exothermic peak at 300 which is
& 7 g attributed to decomposition of hemicelluloses and cellulose. For
B ol Fte two acetylated rice straw samplésdure 4b,c) the exothermic
S o w0 peak shifts to higher temperatures of 332 (sample 7) and 340
L, °C (sample 13), respectively, which indicated again that the
“1  bsc thermal stability of the acetylated rice straws increased and it
> F° is proportional to the values of WPG.
=7 - - - - - - 1 = Qil Absorpt_ivity. In general, noncellulosic poly§accharides,
Temperature (°C) such as arabinoxylan from the cell walls of angiosperms and
galactomannan from gymnosperms, are substituted by acetyl
groups within a range of-24% of cell walls £8). Acetylation
0 TGA o | = of rice straw resulted in a substantial increase in acetyl groups.
1001 The esterified straw was, therefore, significantly hydrophobic
%0+ F and did not wet with water in the absence of an organic solvent
€ wl - such as ethanol and acetone. In this study, the oil absorptivity
g | ;5 of the acetylated straw samples-13 was examined using
§n o L wﬁg machine oil, and the data are givenTiable 1. The oil was
2 suspended in water and treated with acetylated rice straws. It
7 re was found that the machine oil in water was immediately
- DSC absorbed by the acetylated rice straws, which did not absorb
20 r° water. The capacity of oil absorbance of the samples was-16.8
0] L 24.0 g/g of acetylated straw, which is proportional to the degree
o 0 e & P o 70 of acetylation as shown by the WPG values. These oil sorption
Temperature (°C) capacities of the acetylated straws were much greater than those
of the synthetic sorbents such as polypropylene fibetQ g
of oil/g of synthetic material)9). In addition, synthetic sorbents
I © | s such as polypropylene and polyurethane foam, which are the
0] . most widely used sorbents in oil spill cleanup, are not
%0 biodegradable; landfill disposal is environmentally undesirable,
g »- Fe g and incineration is very expensive(20). On the other hand,
g . = the natural sorbents prepared from rice straw by acetylation can
L;; ol mo ié offer distinct advantages in such regard and can be used to
‘g N . substitute non-biodegradable synthetic materials in oil spill
cleanup. They have the characteristics of low cost, high capacity,
“ DSC \ L, quick uptake, and ease of desorption. Thus, they could be used
0 effectively to recover oil spilled in bodies of refining or heavy
20+ Lo industrial waste water, and the water such as in lakes, rivers,
o 20 o o L] % e and oceans. The oil include machine oils, edible oils, heavy
Temperature (°C) oils, and crude oil. The sorbed crude oil can be recovered from
Figure 4. Thermograms of native rice straw (a) and acetylated straw the modified straw by a simple squeezing opergtlon_ so that the
samples prepared at 120 °C for 0.5 h with 1% DMAP (b, sample 7) and sorbents can be recycled several times for oil spill cleanup.

These facts suggested that a total or partial substitution of
commercial synthetic oil sorbents by acetylated straws could

treatment could cause a more open structure of the network tob€ beneficial in oil spill cleanup operations by improving the
ensue and, hence, the more noticeable NMR signals pattern ofefficiency of oil sorption and by incorporating other advantages
lignin in relation to the spectrum of unmodified wood. such as biodegradability.

Thermal Analysis. Native rice straw and acetylated rice straw In conclusion, the above results indicated that acetylation of
were subjected to derivative TGA and DSC in andtmosphere  the free hydroxyl groups in rice straw with acetic anhydride
to determine their thermal natureBigure 4 illustrates the without solvents represents a suitable and effective method for
thermograms of native rice straw (a) and acetylated straw the preparation of rice straw acetates having a more hydrophobic
samples prepared at 120 for 0.5 h with 1% DMAP (b, sample  characteristic. The WPG increased with increments of reaction
7) and 7% DMAP (c, sample 13) as a catalyst. The TGA curves time and temperature and amounts of catalyst used. The
give an initial decrease below 10C due to loss of moisture.  hypernucleophile DMAP was found to be the most effective
After that, the native straw starts to decompose at 203 catalyst of those studied. At a concentration of only 1% of the
whereas the two acetylated straw samples, 7 and 13, start tocatalyst in acetic anhydride, a WPG of 13.6% was realized,
decompose at 240 and 23C, respectively. At 50% weight  compared with 11.2% for the uncatalyzed reaction, after 0.5 h
loss the decomposition temperature occurs at 1For the of exposure to the system at 120. The maximum WPG found
native rice straw, at 333C for acetylated straw sample 7, and was 15.4% for the acetylation reaction using 7% DMAP as a
at 339°C for acetylated straw sample 13. This increasing trend catalyst at 120C for 0.5 h. The thermal stability of acetylated
of decomposition temperature indicated that the thermal stability rice straw was found to be higher than that of the untreated

7% DMAP (c, sample 13) as a catalyst.
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straw and increased with an increment of WPG. More impor-
tantly, it was found that the oil sorption capacities of the

acetylated straws were much greater than those of the synthetic

sorbents such as polypropylene fiber. Therefore, the acetylation
of rice straw may prove to be technically feasible and
environmentally acceptable. This technology could have useful
applications in the area of oil spill cleanup by natural and
biodegradable sorbents.
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