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APPLICATION OF SONOLYSIS IN THE PROCESS
OF DETERMINATION OF QUATERNARY AMMONIUM SALTS
IN WOOD'

by Jadwiga Zabielska-Matejuk
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Content of quaternary ammonium salts in saturated pine wood was analyzed. Ammonium salts were
extracted from wood using low frequency ultrasounds. Differences in the content of ammonium salts cal-
culated from the absorption by wood and values measured analytically were observed. They resulted from
strong surface active properties of cation surfactants.
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INTRODUCTION

Effectiveness of wood protection by different conservation agents depends on their
toxic effects against microorganisms, quantities of a given absorbed agent and the
depth of absorption. The absorption depth can be determined using various indicators,
which reveal the presence of preservatives constituents in wood. The quantity of the
preservatives absorbed by wood (preservative retention) can be calculated on the basis
of balance measurement of the absorbed solution. Determination of the preservative
distribution in wood in different penetration, preservation zones in wood requires ana-
lytical determination of component concentrations of conservation agents in wood.
The application of analytical methods for quantitative determinations of wood preser-
vation agents involves elaboration of methods of isolation of conservation agents from

' This investigation received financial support from the Polish Committee of Scientific Research.

Paper presented during the 5th Symposium PAN/ITD “Quaternary ammonium salts and areas of their using
in economy” in Poznan, 7-8 June 2001.
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impregnated wood. The isolation of conservation agents from impregnated wood usu-
ally requires the employment of extraction methods or mineralization of examined
samples. Cation surfactants, which are substances exhibiting strongly adsorptive prop-
erties on material surfaces, can easily be removed from impregnated wood by means of
extraction methods. Ruddick and Sam (1984), in their studies on the concentration of
didecyldimethylammonium chloride in pine wood, applied a 24 hour extraction with
acetic acid in the Soxhlet apparatus. Preston et al. (1987), Zhenk and Ruddick (1995),
Biirgel et al. (1996) extracted ground samples of impregnated wood with hydrochlo-
ric acid diluted in ethanol using low frequency ultrasounds. The phenomenon of
low-energetic sonolysis of quaternary nitrogen bonds of ammonium salts with cellu-
lose, hemicellulose and lignin wood constituents results in quantitative extraction of
salts into the solution. The exposition of comminuted, impregnated wood immersed
in liquid to ultra sounds provides the energy necessary to disrupt quaternary salt
bonds with wood constituents. The process of sonolysis, depending on the fraction of
the comminuted experimental material and its quantity, takes from 1.5 to 3 hours.
The quaternary salt extracted from wood, depending on the expected content in the
examined sample, is assayed using volumetric, spectrophotometric or chroma-
tographic (HPLC) methods.

The objective of the performed investigations was to determine contents of quater-
nary ammonium and diammonium compounds (of varying structures) in pine wood
employing for their extraction from wood low frequency ultrasounds.

MATERIAL AND METHODS

Assays of contents of quaternary ammonium salts in wood were carried out on pine sap-
wood samples (Pinus sylvestris L.) measuring 22 - 17 - 12 mm (these samples are applied for
determination of fungicidal value of wood preservatives in the screening agar-block method).
The experimental material samples were saturated with solutions of four quaternary ammonium
compounds of 0.25% and 0.63% concentrations using a vacuum-pressure method allowing their
complete saturation. The selection of preparations took into consideration compound structural
variations of cations and anions. The applied didecyldimethylammonium chloride was pro-
duced by Lonza, Switzerland:

CHj
CioHz1—— C —CyoHyy4 CI-

CH,

and the three of the below mentioned compounds were synthesized by prof. J. Pernak’s team
(Poznan University of Technology):
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3-cyclohexyloxymethyl-1-decylimidazolium propionate:

Q\I+—CH20 40

|
CioH21  CoH5COO"
N,N’-[1,10-(2,9-dioxadecane)]bis (dimethyloctylammonium chloride):

[k I

CgHi7— N —CH,0(CHy)OCH, —N*—CgH,;

CH, 2cr CH;,

3,3°-[1,10-(2,9-dioxadecane)]-bis (1-octyloimidazolium chloride):

+

Uﬂ*—cwom%owx—ﬁl\—/ﬂ

N N

| 1 |
CgHi7 o Cgthz

Salt retention absorbed by pine sapwood was calculated on the basis of balance measure-
ment (absorption) of the intaken impregnation solution and also by means of two-phase ti-
tration in accordance with procedures of the following standards: AWPA 18-93, ISO 2871,
PN-87/C-04818. The extraction of ammonium quaternary compounds from pine wood was
performed by a three-hour exposition of comminuted experimental samples to ultrasounds
(acoustic wave of 35 kHz frequency in an ultrasonic bath type Sonorex Super RK 510 H) to
a fraction, which passed through a sieve with I mm mesh in alcohol solution of HCL. After
sedimentation of the pulverized wood material for 18 hours, the clear extract was subjected to
quantitative analysis with the aim to determine the content of cation active substance using
the method of two-phase titration. The examined compounds were titrated with 0.002 M solu-
tion of sodium dodecylosulphate in the presence of an indicator: a mixture of dimidium bro-
mide and disulfine blue. The standardization of the sodium dodecylosulphate was performed
in accordance with AWPA 18-93 procedure using 0.002 M solution of Hyamine 1622 — (dii-
sobutylphenoxyethoxyethyl)-dimethylbenzylammonium chloride. Simultaneously, using the
same procedure and reagents, the possible content of quaternary salts in an unprotected wood
was determined. In order to confirm quantitative extraction of quaternary ammonium salts
from wood, samples of comminuted wood after extraction were immersed in HCI diluted in
ethyl alcohol and exposed again to ultrasounds of 35 kHz frequency. Since no cation surfac-
tants were found in the solution after repeated extraction, it was assumed that the applied 3-hour
exposure to ultrasounds caused quantitative extraction of the examined surfactants from
wood into the solution.
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EXPERIMENTAL RESULTS

Tables 1 and 2 show contents of ammonium and diammonium salts in wood calcu-
lated from the absorption from impregnation solution and measured analytically. In
the case of each pair of the examined samples, irrespective of the concentration of the
impregnation solution, retention of quaternary compounds calculated from the differ-
ence of wood weights before and after saturation was smaller than the true content of
the compound in wood determined analytically. Mean differences in the content of the
four examined surfactants in wood, which are shown in Figures 1 and 2 and ranging
from 0.32 kg/m’ to 1.84 kg/m’, depended on the structure of those compounds. In the
case of single ammonium salts, the amount established analytically was considerably
higher than the quantity calculated from the amount of the compound absorbed from
the impregnation solution.

In the case of diammonium salts, these differences were considerably smaller.
Strong surface acting properties of the examined quaternary ammonium and diammo-
nium salts resulted in a selective absorption of surfactant cation solutions by wood. In
the course of saturation, the concentration of ammonium salts in impregnation solu-
tions decreased, as evidenced by data shown in Table 3.

The drop in the concentration after two saturation cycles using the vacuum-
pressure method, in the case of 3-cyclohexyloxymethylo-1-decyloimidazolium propi-
onate, ranged from 12.1% to 25%. This drop was smaller in the case of the diammo-
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Fig. 1. Comparison of the calculated salt content absorbed
by wood with values measured analytically
Rys. 1. Poréwnanie obliczonej zawartosci soli wchlonigtej przez drewno
z warto$ciami zmierzonymi analitycznie
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Fig. 2. Comparison of the calculated salt content absorbed by wood with values measured
analytically
Rys. 2. Poréwnanie obliczonej zawartosci soli wehlonigtej przez drewno z wartosciami
zmierzonymi analitycznie

nium salt (5.8% to 7.7%). This variation can be attributed to greater adsorption poten-
tials on wood of a single quaternary salt than of a double one. The adsorption of
3-cycloheptyloxymethylo-1-decyloimidazolium chloride at the concentration of the
impregnation solution of 12 mM/I and 6.57 pH amounted to 0.613 mM/5g of commi-
nuted pine wood (the extent of salt adsorption from solution was 50.2%). In these con-
ditions, the double salt—3,3’-[1,10-(2,9-dioxadecane)]-bis (1-octylimi-dazolium chlo-
ride) was adsorbed on wood only in 13.6% (0.163 mM/5g of comminuted pine wood).
Detailed results of investigations on the adsorption of ammonium salts on pine wood
were presented in a study prepared by Urbanik and Zabielska-Matejuk (2000).
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Table 3
Tabela 3

Change in concentration of impregnation solutions of quaternary ammonium salts
after cycles of pine wood saturation

Zmiana koncentracji roztwordw impregnacyjnych czwartorzgdowych soli amoniowych
po cyklach nasycania drewna sosny

Compound Concentration of impregnation solution determined using two-phase titration
Zwigzek Koncentracja roztworu impregnacyjnego oznaczona metoda
miareczkowania dwufazowego
Initial Concentration Concentration Drop in
concentration after 1* after 2™ saturation after
Koncentracja saturation using | saturation using two cycles
poczatkowa vacuum-pressure | vacuum-pressure of saturation
method method
Koncentracja Koncentracja Spadek

po | nasyceniu po Il nasyceniu koncentracji po
metoda proznio- | metoda proznio- | dwdch cyklach

wo-ciSnieniowg | wo-ciSnieniowa nasycania
%
3-Cyclohexyloxymethyl-
1-decylimidazolium 0.25 0.22 0.18 25.0
propionate
Propionian
3-cykloheksyl-oksymetylo- 0.66 0.65 0.58 12.1
1-decyloimidazoliowy
Diammonium chloride 0.26 0.25 0.24 Ty
Chlorek diamoniowy 0.69 0.67 0.65 58
CONCLUSIONS

In the applied method of extraction of quaternary ammonium salts from wood
using low frequency ultrasounds, a complete extraction of the biocide from wood
was achieved.

The method of two-phase titration with the solution of sodium dodecylosulphate in
the presence of dimidin bromide and disulfine blue is sufficiently sensitive for
quantitative determination of more than 0.1% content of quaternary ammonium
salts in wood.

. The procedure often applied in practice of the calculation of biocide retention in

wood from the absorption of the impregnation solution, in the case of surfactant cat-
ions, is burdened with an error, which depends on the adsorption capacity of these
biocides in wood.

. The content of ammonium and diammonium salts in wood measured analytically

was higher than the retention calculated from the absorption of these salts by wood.
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ZASTOSOWANIE SONOLIZY W OZNACZANIU ZAWARTOSCI
CZWARTO-RZEDOWYCH SOLI AMONIOWYCH W DREWNIE

Streszczenie

Oznaczenie zawartosci srodkéw ochrony w drewnie wymaga opracowania sposobu ich wyodrgbnienia
z impregnowanego drewna. W pracy zastosowano ekstrakcje czwarto-rzgdowych soli amoniowych z dre-
wna ultradzwigkami niskiej czestotliwosci (35 kHz). Analizowano zawartos$¢ czterech czwartorzgdowych
soli amoniowych i diamoniowych o zréznicowanych strukturach w nasyconym drewnie sosny Pinus sylve-
stris L. Zawarto§é biocydow w drewnie zmierzona analitycznie metoda miareczkowania dwufazowego

Jjest wigksza od ilosci obliczonej z wehlonigeia tych soli przez drewno. Wynika to ze zdolnosci do adsorpcji
kationowych surfaktantéw na drewnie.
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