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INVESTIGATIONS OF THE INFLUENCE OF LOW FREQUENCY
ULTRASONIC IRRADIATION ON THE CHANGES
OF LIGNIN-CARBOHYDRATE COMPLEX
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The investigations of the influence of the ultrasonic treatment in acid and
alkaline media on lignin and carbohydrate content in wood were carried out. In
both studied media lignin was the wood component the most susceptible to the
degradation. Cellulose was resistible to the insonation and noncellulosic polysac-
charides showed only partial degradation.

INTRODUCTION

Delignification and carbohydrate hydrolysis differ both with regard
to the effected wood structural changes and the products utilization.
Many researches have investigated the effects of the application of ul-
trasonic energy for stimulation of these different processes [15, 16, 17,
25]. That proves the deficiency of the synthetic elaboration concerning
chemical changes in sonicated wood. That elaboration joining the ele-
ments of the fundamental research with techmological aspects should
take into consideration mot only chemical degradation of the structural
componentes of wood but also defibration phenomena.

Also techmical questions are important. Prgdzynski and Ulrici
[16, 25] carried out the study with piezoelectric generator emitting high
frequency ultrasonic waves (above 100 kHz). The acoustic waves were
passed through tramnsformer oil to the reactor that caused unprofitable
reflections and refractions. The application of the high frequency waves
didn’t allowe utilization of the cavitation effects — the essential reason
for the physical and chemical ultrasound action. The changes caused
by insonation were of the mechanical and thermic character.
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The significant fact is discovery of the cavitation also in the acou-
stic field of (10-200 Hz) that creates prospects for the industrial appli-
cation [13].

In this work were investigaled some chemical changes produced in
lignin-carbohydrate complex by the action of low frequency ultrasonic
waves, at media favourable to delignification or carbohydrate hydro-
lysis.

EXPERIMENTAL

The debarked pinewood (Pinus silvestris L.) — fraction 0,5:1,2 mm
— was preliminary extracted with ethanol : benzene (1:2) [18]. Weighed
portion of the sawdust (near 2 g; 5,29/0 humidity) were sonicated using
the ultrasonic generator (Model UDM-10 from IPPT PAN “Techpan”,
Warszawa, Poland). The generator was connected to magnetostriction
transducer having a nominal frequency 21 kHz. The diameter of the
tip of the transformer was 1,8 cm. At 21 kHz the ratio of diameter to
wavelength of sound in water was — 0,25. For such a value, the shape
of the ultrasonic field should be approximately hemispherical, which
would provide a relatively uniform distribution of energy over the
cross-section of the treatment vessel (volume — 75 cm3). The sonica-
tions were carried out at the thermostating (20+1°C) glass vessel (dia-
meter — 3,5 cm; height — 9 cm) in the following media: 1% aqueous
H,SO,, 8% aqueous NaOH and water (reference). The concentration of
the acid solution was close to that used in different variants of the
wood hydrolysis with diluted acids. The concentration of the alkaline
solution was close to percentage alkalinity of the liquor in alkaline pul-
ping.

Table 1

Variable factores of the experience
Parametry ekspozycji ultradzwigkowej

Medium Time (h) Amplitude (um)

Srodowisko Czas (godz) Amplituda
H,0 1 40
H,S0, 1 40
NaOH 2 48

The ultrasonic treatment was carried out using earlier established
parameters (tab. 1) [28].

After sonication the solutions with sawdust were centrifuged (4500
rp.m.; 1 h). The chemical analyses of the sawdust and decanted solu-
tions were ‘performed.

The sawdust was transfered on the drains and than washed to the
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neutral reaction. After air drying and humidity measurement the saw-
dust was subjected to the following amalysis. The solutions were cen-
trifuged again, than decanted to the beakers and subjected to chemical
analysis. The same procedure was used to the unsonicated wood (re-
ference). The unsonicated and unsoaked wood is hitherto called — un-
treated wood. In the sawdust the following parameters determined: Tap-
pi lignin T-13 m [18], Seifert’s cellulose [18] and the composition of
the carbohydrate fraction with GLC method (chromatography — JEOL
1100 TFP, Takeda Riken TR 2115A integrator). For the chromatogra-
phic analysis the two-stage hydrolysis of sawdust with 72% and 3%
H,SO, was applied {19, 20]. For separation of trimethylsilil derivatives
of sugars [24] a glass column (length — 2 m; I.D. — 3 mm) coated
with SE-30/Gas Chrom Q was prepared. The column oven was temipe-
rature programed 2 deg/min from 403 K up to 473 K. Helium carrier
gas was used Chromatographic parameters have been established for
separation of the following sugars: L-arabinose, D-xylose, D-mannose,
D-galactose and D-glucose — anomers o mixed with g after isomeriza-
tion in water: methanol (1 : 1).

In the solutions were determined: lignins, furfural derivatives and
composition of carbohydrate fraction.

The diluted lignin content was measured by UV spectrophotometric
method [14]; as a standard the lignin prepared after the modified Bjork-
man method was used [2, 23]; the lignin preparation was dissolved in
dioxane and dilluted with water, 1% aqueous H,SO; and 8% NaOH
{1:7); the absorption measurements (near 258 nm) allowed to estimate
the analytical curve formulae: y=0,0156x+0,0062 — for the neutral
medium, y=0,0159x+0,0013 — for the acid medium and y=0,0149x+
0,0509 for the alkaline one; in order to eliminate influence of the car-
bohydrates and their derivatives the method of reduction with NaBHs
was used; the reduction was performed on the standard and sonicated
solutions. The measurements were performed with C. Zeiss (Jena)
SPECORD M-40.

The furfural derivatives content was measured by UV spectropho-
tometric method [14]; as a standard the Merck’s furfural p.f.a. was used;
furfural was dissolved in water and 1% aqueous H,SO,; the absorption
measurements (277,6 nm) allowed to estimate the analitycal curve for-
mulae: y=0,2546x+0,0236 for the neutral medium and y=0,3255x—
—0,0499 for the acid medium; the sonicated solutions were centrifuged
and then analysed at 277 nm; the absorbance difference (before and
after NaBH: reduction) was used in the furfural derivatives calculation.

The composition of the carbohydrate fraction was measured by GLC
method; the acid and alkaline sonicated solutions were neutralized and
then treated after earlier described Sweely's method [24].

The mean results (5 samples) are presented in the tab. 2-5.
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RESULTS AND DISCUSSION

Wood defibration facilitates chemical processing therefore the stu-
dy of changes in sonicated lignin-carbohydrate complex was performed
with earlier established parametres (time, amplitude) assuring the biggest
dynamics of the defibration [28].

The data from tab. 2 show the results of lignin and cellulose deter-
minations. The preliminary study was performed for the unsonicated
sawdust. At room temperature, water didn't cause significant changes
in wood. In the same conditions dilluted acid didn’t attack lignin and
cellulose. Dilluted alkaline solvents can affect not only the hemicellulo-
se but also cause partial dissolving of the lignin.

Table 2

The effect of the ultrasonic treatment on the changes of lignin and cellulose content
Wplyw obrébki ultradZwigkowej na zmiany zawartosci ligniny i celulozy w drewnie

Lignin and ccllulosc content i % dry mass of wood
Zawarlo$é ligniny i cclulozy w % masy bs drewna
sonicated unsonicated
untreated wood H,0 H;50, NaOH H,0 H,S0, NaOH
Ly 29.60 2903 2894 2833 26.60 23.59 2115
Lignina
Celition 4329 4327 4301 43.06 4314 4190 4226
. Ccluloza

Note: In tables 2, 3, 5 the following words should be exchanged: “sonicated” - “un-—
sonicated” and “unsonicated” - “sonicated"

In the interpretation of the lignin dissolving it is helpful to use the
spectrophotometric method (fig. 1). In the neutral medium the distinet
absorbtion bands characteristic for lignins weren’t observed. On the
contrary, the acid and alkaline spectrums are similar to these cof the
lignin standard. This confirms the assumption that milled wood lignin
macromolecule contains the weakly bounded part of the lignin [5, 6, T].
The MWL’s spectrum differs the widest band at 205 nm and more dis—
tinet at 230 nm. The essential difference is the highest absorption ran-
ging from 300 up to 350 nm. This absorption characteristic for the
dioxane lignin is caused by the presence of the conjugated a — carbonyl
groups in the side chains [1, 7].

The contents of the dissolved lignin (tab. 3) reflects the observations
from gravimetric analysis. Traces of lignin were measured in water,
more in acid (0,16%) and alkaine media (0,71%0). It is worthwhile no-
ticing that the total results of the gravimetric and spectral measure-
ments include the parts of lignin dissolved in acid but mot seized in
the results of conventional gravimetric determinations.

As shown in Table 2 the ultrasonic treatment caused real losses of
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Fig. 1. Ultraviolet absorption of lignin standards and the solutions from unsoni-
cated experiences (reference)
1 — lignin (neutral medium), 2 — lignin (acid medium), 3 — lignin (alkaline medium), ¢ — neu-
tral solution, 5 — acid solution, 6 — alkaline solution
Rys. 1. Absorpcja w mnadfiolecie preparatu wzorcowego ligniny oraz roztworéw
z prob nienadiwiekawianych

1 — lignina ($rodowisko obojetne), 2 — lignina (§rodowisko kwasne), 3 — lignina (Srodowisko
zasadowe), 4 — roztwoOr obojetny, 5 — roztwér kwasny, 6 — roztwé6r zasadowy
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Fig. 2. Ultraviolet absorption of the solutions after insonation
1 — neutral solution, 2 — acid solution, 3 — alkaline solution

Rys. 2. Spektrofotometryczne krzywe absorpcji roztworéow
z préb nadiwiekawianych
1 — roztwoér obojetny, 2 — roztwoér kwasny, 3 — roztwoOr zasadowy
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lignin in all the tested media. After sonication at 8% aqueous NaOH
were measured above 27% less of lignin than in the umtreated wood.
After sonication at acid solutions the lignin content lowered by about
199/p and at water by about 8,5% (in comparison to untreated wood).
It is necessary to observe that it is impossible to separate Klason lignin
from the products of polysacchardies degradation. During the determi-
nation occurs also the decrease of lignin dissolving in hot hydrolytic so-
lution. In case of coniferous wood these decreases are smaller and don’t
exceed 0,5% [3, 23].

The mentioned inaccuracies can be partialy compensated with the
aid of the UV spectrophotometry. As shown at the fig. 2 the insonation
caused intensification of the wood decomposition. The real changes in
the absorption maximum position weren’t yet observed. Only for the
neutral solution the extension of the band ranged from 280 up to 310 nm
was noticed that can be caused by interaction of the side chains
carbonyl group in o-position f.ex: -CO-CHOH-CHj; [1]. The alkali-
zation didn’t bring about shift that indicates the weak character of these
interactions, not influenced by quantitative determinations.

Table 3
Dissolved lignin content before and after ultrasonic
treatment
Zawarto$é ligniny w roztworach przed i po obrobce
ultradZwigkowej
Lignin conlent in % dry mass of wood
Zawartoéé ligniny w % masy bs. drewna
sonicated unsonicated
H,0 H,;S0, | NaOH H,0 H,S0, | NaCH
007 0.16 071 180 361 545

As shown on the Table 3, more lignins were measured at alkaline
medium (5,45%0) than at acid (3,61%0) and least at water (1,80%). The
total results of the gravimetric and spectrophotometric determinations
(H,O — 28,4%; H,SO;4 — 27,2%; NaOH — 26,6%0) are in every case
less than in untreated sawdust — 29,06%. Take into consideration the
data from the similar comparison for unsonicated samples allowed to
suppose that part of degraded after insonation lignins, were dissolved
in acid during determination with the Tappi method.

The investigations of influence of ultrasonic irradiation on carbo-
hydrates were begun with analysis of cellulose changes. As shown in
the Table 2 the sonication in water didn’t cause the cellulose degrada-
tion. Ther’s no difference when the results of the experiences in acid
and alkaline media are compared. The real differences were observed
between the results of somication in acid and acid reference. Although



INVESTIGATIONS OF THE INFLUENCE OF LOW FREQUENCY... 59

the small degradation of cellulose, particularly in disorder areas is po-
ssible, however the observed differences — 1% — between the results
can be caused by hydrolysis of the residual pentosanes that in Seifert’s
cellulose don’t exceed 2% [11]. More informations about carbohydrates
transformations was provided by GLC study. For both experiments
(reference and sonicated) the predominant tendency is decrease of the
hemicellulosic carbohydrates proportions to the glucose. The insonaticn
accelerates the hemicellulose degradation. That is cleary visible in al-
kaline medium. The relative amount of the hemicelluloses in alkalii
lowered by about 10% and in acid by about 10%. The ultrasonic treat-
ment didn’t cause the total hydrolysis of none of the determined com-
ponents of polysaccharides. Detailed analysis indicates some regularity.
The ¢-arabinose portion in neutral and acid media is less than in
alkaline one. That sugar — component of 4-0-methylglucuronoarabino-
xylan and also arabinogalactan easy hydrolyses in acids particularly in
a [1-3] glycosidic bonds with D-xylose [12]. Xylans are resisted to al-
kalines that confirms the stability of D-xylose portion in results of
the study performed in 8% NaOH. The glucomannans show the sensi-
tivity to alkaline degradation. Lowering of c-mannose portions was
observed in the result of unsonicated and sonicated experimences.

Table 4
The effect of ultrasonic treatment on wood carbohydrates chances
Wplyw obrébki ultradiwigkowej na zmiany skladu frakcji weglowodanowej

Samples Percent share of wood carbohydrates

Material Sklad procentowy frakcji wgglowodanowej
Mono- i untreated unsonicated sonicated
BaociErigce woed H,0 H,S0, NaOH H,0 H,S0, NaOH
Arsbinose 1.63 1.05 147 213 117 137 1.78
Xylose 437 590 426 6.78 6.07 6.53 6.18
a-Mannose 21.40 1893 1837 14.50 16.06 14.43 13.05
a-Galactos= 0.80 0.60 0.80 0.80 1.60 0.93 093
;_g;‘;’;‘;‘; 9.60 738 727 878 607 7.50 620
Glucose 62.20 66.15 6620 67.03 68.47 69.27 72.05

Although the presented results proved that ultrasounds caused acce-
leration of the hemicellulose decomposition, subsequently performed
analysis of the sonicated solutions indicates only traces of the sugars.
In the neutral and acid media were revealed D-xylose, e-mannose and
D-glucose traces. It is possible that in low frequemcy ultrasonic field
occured a phenomenon of cavitation causing degradation of dissolved
sugars. Although the monosaccharides decomposition proceeds in alka-
line medium without action of additional agents but insonation can these
processes intensify.



60 A. WOJCIAK

The comparison of results of lignin and carbohydrate determination
(tab. 2-4) proved that independently of the used media the ultrasounds
are the predominant agent of wood degradation. The wood components
most susceptible to the degradation was lignin. That is the result of
its disordered chemical structure particularly physically bounded low
molecular fractions. In case of acid media ultrasounds can intensify
the cleavage of a-ethers already occuring in mild conditions of acid
lignin hydrolysis. In alkalies insonation stimulates not only solvolytic
ether cleavage between phenylpropane umits but also cleavage of C-C
bond and condensation 'processes.

Although ultrasounds make easier penetration of the reagents into
cell walls, the strong chemical bonds and accessible with difficulty, fi-
brous structure cause than cellulose does not undergo considerable de-
gradation. Minor resistance of hemicellulose to insonation results from
smaller DP and its ordered state.

Table 5
The effect of ultrasonic treatment on
changes of content of monosaccharidic
degradation products
Wplyw obrobki ultradiwigkowej na zmia-
ny zawatroéci produktow degradacji mo-
nosacharyddw

Monosaccharidic degradation products
Produkty degradacji monosacharydéw

(mg/dm?)
sonicated unsonicated
H,0 H,S0, H,0 H,S50,
0.20 022 272 705

The data in the table 5 show the results of the determinations of
carbohydrate degradation products. It is known that in low frequency
ultrasonic fields, in water occur different thermic phenomena (phase-
boundary absorption, cavitation). These effects, in acid media can cause
dehydration of dissolved monosaccharides and formation of furfural,
5—hydroxymethy1fui‘fural. These reactions can be initiated also during
sonication in water, when the pH lowers to about 5,7. In case of the
determinations in water the obtained results are not comparable to si-
milar analysis performed even for shortlived hydrothermal treatment of
the sawdust at 373 K (14). After sonication in acid medium the amount
of furfural derivatives was similar to the results of 1-hour treatment
of sawdust in hot water (14). Taking into consideration the relative
losses of hemicellulose sugars both in water and in acid solution it is
possible that these sugars undergo transfonmations to the simple acid
products.
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CONCLUSIONS

1. The influence of low frequency ultrasonic field on wood compo-
nents depends on structural orientation of wood polymers:

a) indenpendently of the experimental media lignin was most suscep-
tible on ultrasonic degradation,

b) between the polysaccharides — independently of media of experi-
ments — cellulose was resistant to degradative action of ultrasounds
and hemicellulose underrent only partial decomposition.

2. The interaction of ultrasounds and chemical reagents didn’t cause
total hydrolysis in none of the determined saccharidic components. The
phenomena occuring during insonation, favourable to sugars tramsfor-
mation limits the possibility of utilization of ultrabiounds in polysaccha-
rides hydrolysis.

Recelved in January 1992
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Z BADAN NAD ZMIANAMI ZACHODZACYMI W KOMPLEKSIE
LIGNINO-WEGLOWODANOWYMI DREWNA POD WPLYWEM
ODDZIALYWANIA POLA ULTRADZWIEKOWEGO
NISKIEJ CZESTOTLIWOSCI

Streszczenlie

Celem badan bylo dokomanie oceny zmian zachodzacych w ukladzie lignino-

-weglowodanowych drewna wywolanych oddzialywaniem fal ultradiwiekowych
niskiej czestotliwo$ci w $rodowiskach chemicznych sprzyjajacych procesom: de-
lignifikacji i hydrolizy czesci weglowodanowej drewna.
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Nadzwiekawianie trocin sosnowych prowadzono stosujac ustalone we wczes-
niejszych badaniach parametry czasu i amplitudy fali ultradiwigkowej, przy kto-
rych proces rozwlbkniania drewna osiagngl! najwieksza dynamike. Jako $rodowi-
ska doSwiadczenn wybrano roztwory wodne: 1% H,SO, oraz 8% NaOH.

Stwierdzono, ze niezaleznie od S$rodowiska do$wiadczen, najbardziej podatnym
na degradacje ultradiwiekows skladnikiem drewna jest lignina. Celuloza jest
odporna na degradujgce dzialanie fal uliradiwiekowych, a wielocukry niecelulo-
zowe ulegaja jedynie czesciowemu rozkladowi. Zwigzane z polem akustycznym zja-
wiska fizyko-chemiczne sprzyjajace rozkladowi przechodzacych do roztworu cu-
kréw ograniczaja mozliwos¢é wykorzystania fal ultradiwiekowych do stymulacji
proceséw hydrolizy weglowodan6w.



