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INFLUENCE OF PRE-TREATMENT ON SHRINKAGE
OF FREEZE-DRIED ARCHAEOLOGICAL OAK-WOOD

Leszek Babinski
Archaeological Museum in Biskupin

Abstract. The article presents results of the research on the shrinkage of slightly de-
graded, freeze-dried archaeological oak-wood (Quercus sp.). Before drying, samples of
wood were treated with 10, 20, and 30% water solutions of PEG 300, PEG 4000, and su-
crose, as well as the mixture of both polyglycols. Dimensional changes in tangential, ra-
dial, and longitudinal directions were determined immediately after freeze-drying, and
then, after seasoning of the freeze-dried samples in the air at RH 44 and 70%. Shrinkage
of untreated and treated freeze-dried oak-wood was considerably smaller, than that of the
material, which was dried naturally (ASEt from 49 to 97%, ASEg from 39 to 98%).
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INTRODUCTION

Freeze-drying (lyophilisation) of porous organic materials is used mainly in food
production and pharmaceutical industry [Zwetkow 1985]. This method allows for re-
moving water without causing damage or deformation in the porous structure of mate-
rial that is being dried, as well as decomposition of its chemical compounds. Regarding
costs of drying lyophilisation has not been widely applied for drying sawn timber and
other wood assortments. Much more frequently, this method has been used during con-
servation of waterlogged archaeological wood.

The first conservation activities were made on slightly decomposed wood. In order
to limit the shrinkage of wood tissue and minimise the results of water freezing, before
the process started, artefacts had been treated with water solution of PEG 400 [Ambrose
1970, 1990, Elmer 1973] or with t-buthanol (TBA) solution of PEG 4000 [Sawada
1978, Jespersen 1979]. Application of pre-treatment of wood with two types of polyeth-
ylene glycols was the solution to all problems appearing during freeze-drying of multi-
quality timber objects. Watson [1982] suggested using the mixture of PEG 400 and
PEG 4000, the efficiency of which was confirmed also in case of conservation of the
most degraded wood. Whereas, Cook and Grattan [1985] demonstrated usefulness of
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pre-treatment of wood with PEG 400 and PEG 3350. They also worked out the method
of calculating the concentration of polyglycols for freeze-drying, depending on the
degree of decomposition of wood that undergoes conservation [Cook and Grattan
1991].

In the available literature, one can find publications describing theoretical principles
of waterlogged wood conservation with freeze-drying method [Jensen et al. 2002, Jen-
sen and Schnell 2005, Jensen and Jensen 2006], as well as many articles presenting
installation, parameters of the process, and objects that underwent conservation.
Whereas, there are no research reports on the shrinkage of wood. In the past, influence
of pre-treatment with polyethylene glycols on shrinkage of the freeze-dried archaeologi-
cal wood was examined by Grattan [1989]. Comparison of dimensional stabilization in
wood treated with PEG 400, PEG 1500, PEG 3350, and PEG 4000 was also made on
the basis of observation of the objects that underwent conservation [Hoffmann and
Fortuin 1991]. The degree of wood decomposition, its shrinkage in result of freeze-
drying, and appearance of cracks were then presented only with the use of a simple
point scale. In Poland, freeze-drying of untreated recent and archaeological oak-wood
was researched by Matejak et al. [1997]. Whereas, Babinski [2007] examined changes
in dimensions of archaeological pine-wood, treated with polyglycols and sucrose.

The research aimed at making comparison of the degree of shrinkage of slightly de-
graded waterlogged archaeological oak-wood, dried naturally, and with the use of
freeze-drying method. The work described influence of pre-treatment with some se-
lected chemical compounds on the degree of deformation of dried material, as well as
some changes in its moisture content and shrinkage, appearing together with the
changes in air humidity to the level that is characteristic of conditions of the museum’s
exhibition.

MATERIALS AND METHODS

The research was done on heartwood of oak (Quercus sp.) taken from the construc-
tion element of the house from the 13th c., coming from the excavations in Szczecin.
The experimental material was characterized on the basis of the width of annual rings
and percentage of late wood in samples with moisture content about 12%, as well as its
maximum moisture content, conventional density and shrinkage in tangential, radial and
longitudinal direction.

In the research, samples of waterlogged archaeological wood were used, dimensions
of which were as follows: 50 (T) x 50 (R) x 10 (L) mm (CS samples), and 50 (T) x 50
(L) x 10 (R) mm (T samples). They were treated with the method of the bath in 10%,
10-20%, and 10-30% water solutions of PEG 300, PEG 4000, sucrose, and the two
mixtures of PEG 300 and PEG 4000 for 90 weeks. Samples treated with the mixtures of
polyglycols underwent the two-stage impregnation. On the first stage, wood was treated
with solution of PEG 300 to which PEG 4000 was added on the next stage. Designa-
tions of untreated (control) and treated samples as well as time of impregnation in indi-
vidual solutions were presented in Table 1. 2% biocide named Kemobiocide DP III was
added to the initial solutions of impregnating materials as well as to water in which
control samples were kept.
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In each variant specified in Table 1, 4 CS samples and 4 T samples were treated at
the same time. Temperature of the solutions was maintained within the range from 15 to
20°C. When impregnation was finished, 4 pins were put in each sample in order to de-
termine the shrinkage of wood. Prior to freeze-drying, samples which stayed in solu-
tions or water (Control F-D) were cooled for three days at the temperature of about 3°C.
When the excess impregnation material was removed from the surface of wood, the
samples underwent freezing in closed polypropylene boxes at the temperature of about
—27°C for five days.

Table 1. Designation of samples and time of impregnation of waterlogged oak wood before
freeze-drying

Tabela 1. Oznakowanie prébek i czas impregnacji mokrego drewna dgbu przed suszeniem subli-
macyjnym

Time of impregnation in individual solutions

weeks
Designation of samples Impregnant Czas impregnacji w poszczeg6lnych roztworach
Oznakowanie probek Impregnat tygodnie

10% 15% 20% 25% 30%

10% PEG 300 PEG 300 90

20% PEG 300 PEG 300 3 3 84

30% PEG 300 PEG 300 3 3 3 3 78
10% PEG 4000 PEG 4000 90

20% PEG 4000 PEG 4000 3 3 84

30% PEG 4000 PEG 4000 3 3 3 3 78
10% Sucrose Sucrose 90

20% Sucrose Sucrose 3 3 84

30% Sucrose Sucrose 3 3 3 3 78
10% PEG 300 + 10% PEG 4000 PEG 300 + PEG 4000 9 81

15% PEG 300 + 15% PEG 4000 PEG 300 + PEG 4000 3 6 3 78

Control A-D untreated air-dried control samples
nieimpregnowane prébki kontrolne suszone w powietrzu

Control F-D untreated freeze-dried control samples
nieimpregnowane prébki kontrolne suszone sublimacyjnie

Freeze-drying of wood was performed in a chamber with the capacity of about 300
dm’, connected to the laboratory freeze-dryer Alpha 1-4 (Christ) with the capacity 4 kg
of ice and 2-stage vacuum pump Duo 020 (Pfeiffer), with the capacity of 20 m’/h
(Fig. 1). During freeze-drying of wood, the temperature of the ice-condenser was about
—60°C. The process was finished after 48 hours at the pressure of 8 Pa.

Measurements of samples dimensions were taken before and after freeze-drying,
immediately after taking the wood from the chamber and then, after bringing wood to
the equilibrium moisture content in the air at the temperature 22°C and relative hu-
midity (RH) 44%, in the air at the temperature 18°C and relative humidity 70% and after
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Fig. 1. Equipment for freeze-drying of the organic materials in the
conservation laboratory at the Archaeological Museum in Biskupin
Rys. 1. Zestaw do sublimacyjnego suszenia materiatéw organicznych
w pracowni konserwatorskiej Muzeum Archeologicznego w Biskupinie

drying the samples to oven-dry mass at the temperature 105°C. Each measurement was
made three times with calliper gauge, exact to 0.01 mm. Weighing samples was per-
formed before and after impregnation, as well as after each stage of drying or air-
conditioning of wood, exact to 0.01 g.

Changes in dimensions of wood from the state of maximum saturation with water
(control samples) or impregnating solution (treated samples) to the state immediately
after freeze-drying and to the equilibrium moisture content at the above-mentioned air
parameters were determined: on CS samples — in tangential and radial direction, and on
T samples, in tangential and longitudinal direction, in accordance with the following
formula:

leol;llxloo,

0

where:
B - linear shrinkage of wood, %,
Ip — initial dimension of wood (in the state of maximum saturation), mm,
1, - final dimension of wood (after drying), mm.

Shrinkage of impregnated and freeze-dried wood was compared with that of untreated
freeze-dried samples (Control F-D) and samples dried in the air (Control A-D) with the
use of ASE (anti-shrink efficiency), calculated according to the following formula:

asg=Po=Piy 100,
0
where:
ASE - anti-shrink efficiency, %,
Bo - linear shrinkage of untreated wood (Control A-D or Control F-D), %,
By - linear shrinkage of treated wood, %.
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Uptake of impregnant was presented as the per cent ratio of the absolutely dry mass
of the modifying agent that was taken up, to the absolutely dry mass of wood, deter-
mined on the basis of the mean maximum moisture content of control samples. The
degree of wood impregnation was also evaluated on the basis of the change in wet mass
of the sample after treatment AM (per cent ratio of wet mass of the sample after and
before treatment), as well as water content in the sample immediately after impregna-
tion Wpyp (per cent ratio of water mass to the sum of masses of absolutely dry wood and
impregnating agent).

RESULTS AND DISCUSSION

Table 2 presents basic macroscopic features and some selected physical properties of
the researched oak-wood. The research material is characterized with only a slight de-
gree of decomposition of wood tissue. It is proved by the values of the maximum mois-
ture content and conventional density, as well as the slight shrinkage in longitudinal
direction.

Table 2. Basic macroscopic characteristics and selected physical properties of oak wood
Tabela 2. Podstawowe cechy makroskopowe i wybrane wlasciwosci fizyczne drewna dgbu

Mean Minimum Maximum Standard Variation
Characteristic — Property value value value deviation coefficient
Cecha — Wtasciwosé Wartos¢ Wartos¢ Wartos¢ Odchylenie ~ Wspétczynnik
srednia minimalna  maksymalna standardowe zmiennosci
Width of annual rings, mm 1.11 0.73 1.78 0.21 18.63*
Szeroko$¢ przyrostéw rocz-
nych, mm
Percentage of latewood, % 43.7 25.6 68.6 79 18.1
Udziat drewna péznego, %
Maximum moisture content, % 136.0 131.1 142.0 4.4 3.2
Wilgotno$¢ maksymalna, %
Conventional density, kg-m™ 494 479 506 11 2.2%
Gestos¢ umowna, kg-m’3
Tangential shrinkage, % 16.9 15.7 19.8 1.3 7.7
Skurcz styczny, %
Radial shrinkage, % 7.6 6.9 8.5 0.6 79
Skurcz promieniowy, %
Longitudinal shrinkage, % 0.7 0.4 1.2 0.3 429

Skurcz wzdtuzny, %

*Value in percentage.
*Warto$¢ w procentach.

Table 3 and 4 contain comparison of the per cent changes in wood mass in result of
its treatment, uptake of impregnating agents, moisture content, and shrinkage of wood
immediately after freeze-drying, after seasoning of the freeze-dried samples at RH 44
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Table 3. CS samples. Uptake of impregnant, water content, and tangential and radial shrinkage of
oak wood

Tabela 3. Prébki CS. Wchionigcie impregnatu, zawartos¢ wody i skurcz drewna dgbu w kierunku
stycznym i promieniowym

Water content Shrinkage of wood
Zawarto$¢ wody Skurcz drewna
% %
Des:f[l:lalll:f of AM ;Jvilhdll;e_ immediately seasoned seasoned _dried
sampres o after freeze- at RH44%  atRH70%  °V¢ (¢
Oznakowanie % nigcie . . i . . at 105°C
obek % drying sezonowane- sezonowane- Wystszonego
p Wive  Wep Wau Wi bezposrednio go przy RH  go przy RH i 1 05°C
po liofilizacji ~ 44% 70% W

Pr Br Br Br Br Br Br Br

Control A-D 133.9 102 11.3 147 59 141 56 169 76
Control F-D 133.1 14 97 123 63 52 50 40 44 35 69 55

10% PEG 300  100.2 105 1125 1.7 81 11.8 63 3.8 5.0 29 4.1 22 6.7 3.7
20% PEG 300  100.8 18.6 9.1 23 77 129 53 2.6 33 1.3 2.0 0.6 5.0 1.7
30% PEG 300  101.6  30.5 823 25 8.0 145 47 2.0 1.7 0.4 0.4 0.1 33 0.8
10% PEG 4000  99.7 33 1261 12 9.6 123 70 48 5.5 35 5.0 32 7.5 5.1
20% PEG 4000 984 100 1093 1.3 91 11.7 76 48 6.2 3.6 5.5 3.1 8.1 5.0
30% PEG 4000 959 21.2 85.1 12 78 11.0 7.0 4.0 54 2.9 4.6 2.3 6.4 3.7
10% Sucrose 101.0 11.2 1125 1.7 89 123 64 42 5.1 32 43 2.6 6.8 42
20% Sucrose 102.7  22.4 96.4 25 84 120 63 39 4.8 2.7 3.6 1.9 6.1 34
30% Sucrose 1043 36.5 79.0 4.6 84 124 70 35 5.1 2.3 33 1.3 5.8 2.7

10% PEG300+ 98.6 148 101.2 2.0 80 121 67 3.7 52 26 42 1.9 6.8 33
10% PEG 4000

15% PEG 300 + 99.0  20.7 91.9 21 73 122 59 28 40 1.8 2.6 1.0 52 20
15% PEG 4000

Explanation of abbreviations in Table 3 and 4: AM — per cent ratio of the mass of samples after and be-
fore pre-treatment, Wpp — water content in the samples immediately after pre-treatment, Wgp — water content
in the samples immediately after freeze-drying, W44 — water content in the freeze-dried samples seasoned at
RH 44%, W4, — water content in the freeze-dried samples seasoned at RH 70%, Br — tangential shrinkage, Br —
radial shrinkage (only in Table 3), BL. — longitudinal shrinkage (only in Table 4).

Objasnienie skrotow w tabeli 3 i 4: AM — procentowy stosunek masy probek po i przed impregnacja,
Wimp — zawarto$¢ wody w probkach bezposrednio po impregnacji, Wgp — zawarto$¢ wody w prébkach bezpo-
srednio po liofilizacji, W44 — zawarto$¢ wody w probkach liofilizowanych i sezonowanych przy RH 44%, W,
— zawarto$¢ wody w probkach liofilizowanych i sezonowanych przy RH 70%, Br — skurcz styczny, Pr —
skurcz promieniowy (tylko w tabeli 3), B — skurcz wzdtuzny (tylko w tabeli 4).

and 70% and after drying the treated and freeze-dried wood to obtain absolutely dry
mass. Table 5 and 6 shows the values of ASE for treated wood, brought to the equilib-
rium moisture contents at RH 44 and 70%.

Uptake of impregnating agents by oak-wood increased with the increase in final
concentration of the solution. As it should be expected, higher values were obtained in
case of CS samples and wood treated with compounds of lower molecular weight (PEG
300, sucrose). Greater density of sucrose (about 1.6 g-cm™) than density of polyglycols
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Table 4. T samples. Uptake of impregnant, water content, and tangential and longitudinal shrink-
age of oak wood

Tabela 4. Prébki T. Wchtonigcie impregnatu, zawarto$¢ wody i skurcz drewna dgbu w kierunku
stycznym i wzdhuznym

Water content Shrinkage of wood
Zawarto$¢ wody Skurcz drewna
% %
2?25;&11:3 AM ;Jvilhdll;e_ immediately  seasoned seasoned _dried
o sampies o after freeze- at RH44%  atRH70% O OO 1;16
znakowanie % nigcie . . . . i at 105°C
obek % drying sezonowane- sezonowane- Wystszonego
p Wive  Wep Wa Wy bezposrednio go przy RH  go przy RH 105°C
po liofilizacji 44% 70% w

Pr Bu Br BL Br BL Br BL

Control A-D 137.6 10.5 11.0 120 06 119 04 143 07
Control F-D 1329 27 102 13.0 47 09 40 05 34 03 62 07

10% PEG 300 98.5 9.8 1099 6.0 85 121 49 06 49 03 40 0.1 6.6 04
20% PEG 300 98.5 143 101.6  18.1 77 132 36 03 59 03 40 01 7.1 0.4
30% PEG 300 97.4  26.1 80.7 192 81 149 33 02 59 0.1 32 00 74 02
10% PEG 4000  99.9 0.1 134.1 22 99 128 48 07 40 02 34 04 61 0.6
20% PEG 4000 94.8 3.9 113.6 58 9.6 125 6.1 06 6.1 04 55 0.3 80 0.6
30% PEG 4000  87.2 10.2 8.2 102 87 123 52 03 58 03 50 02 73 05
10% Sucrose 100.1 7.6 117.8 53 9.6 13.1 52 06 51 04 43 02 71 0.6
20% Sucrose 100.3  16.5 101.4 102 91 131 48 05 52 03 40 02 66 04
30% Sucrose 99.5 22.0 90.8 193 94 140 37 02 53 02 35 00 58 03

10% PEG 300+ 96.6 11.2 1034 74 83 125 55 04 58 03 46 01 7.3 0.4
10% PEG 4000

15% PEG 300 + 96.0 18.0 903 124 71 122 5.1 02 65 02 48 00 72 02
15% PEG 4000

Explanation of abbreviations — see Table 3.
Objasnienie skr6tow — patrz tabela 3.

(about 1.1 g-cm™) shall not be underestimated, as well. With the increase in uptake,
moisture content in the treated sample decreased. Wpyp values stated in Table 3 and 4
comprised within the range from 79.0 to 134.1%. During the long impregnation period,
dehydration of slightly degraded wood tissue was observed. It is proved by clear lower-
ing of the per cent ratio of wet wood mass after and before treatment (AM values below
100% in Table 3 and 4). It could be observed in case of T samples, but also after im-
pregnation of some CS samples (especially those treated with PEG 4000).

Moisture content in freeze-dried untreated CS samples was 1.4%. Apart from wood
treated with 30% solution of sucrose (samples with the greatest uptake), moisture con-
tent of treated CS samples was similar (Wgp from 1.2 to 2.5%). Whereas, moisture
content in T samples was 2.7% for untreated wood and from 2.2 to 19.3% in case of
treated samples. The samples with the greatest uptake and smallest moisture content
(Wvp), treated with the most condensed solutions dried most slowly.
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Table 5. ASE values for pre-treated and freeze-dried oak wood, seasoned at RH 44 and 70%,
determined in relation to the shrinkage of untreated air-dried wood (Control A-D samples)

Tabela 5. Wartosci ASE dla impregnowanego drewna dgbu wysuszonego sublimacyjnie i sezo-
nowanego przy wzglednej wilgotnosci powietrza 44 i 70%, okreslane w stosunku do skurczu
drewna nieimpregnowanego suszonego w powietrzu (prébki Control A-D)

ASE, %
Designation . .
of samples CS samples — prébki CS T samples — probki T
Oznakowanie RH 44% RH 70% RH 44% RH 70%
probek
T R T R T L T L

10% PEG 300 66.0 50.8 70.9 60.7 59.2 50.0 66.4 75.0
20% PEG 300 77.6 78.0 85.8 89.3 50.8 50.0 66.4 75.0
30% PEG 300 88.4 93.2 97.2 98.2 50.8 83.3 73.1 100.0
10% PEG 4000 62.6 40.7 64.5 42.9 66.7 66.7 714 0.0
20% PEG 4000 57.8 39.0 61.0 44.6 49.2 333 53.8 25.0
30% PEG 4000 63.3 50.8 67.4 58.9 51.7 50.0 58.0 50.0
10% Sucrose 65.3 45.8 69.5 53.6 57.5 333 63.9 50.0
20% Sucrose 67.3 54.2 74.5 66.1 56.7 50.0 66.4 50.0
30% Sucrose 65.3 61.0 76.6 76.8 55.8 66.7 70.6 100.0
10% PEG 300 + 64.6 55.9 70.2 66.1 51.7 50.0 61.3 75.0
10% PEG 4000
15% PEG 300 + 72.8 69.5 81.6 82.1 45.8 66.7 59.7 100.0

15% PEG 4000

After the process of freeze-drying, on the surface of the cross-section of wood
treated with PEG 4000 one could observe a white layer of polyglycol. Its amount in-
creased with the increase in PEG 4000 uptake. Wood cracking appeared only on the
surface of two T samples (treated with PEG 4000 and sucrose), as well as all T samples,
freeze-dried without any pre-treatment (Control F-D samples).

Shrinkage of freeze-dried untreated wood was 6.3% in tangential and 5.2% in radial
direction for CS samples, and 4.7% in tangential and 0.9% in longitudinal direction for
T samples. Shrinkage of treated wood was slightly smaller or slightly greater than the
above-mentioned values. It depended on the type and uptake of modifying agent (Table
3 and 4). Regarding big differences in moisture content in individual batches of dried T
samples it was recognised, that making comparison of wood dimensions immediately
after freeze-drying is not very objective. Same time, the majority of samples (mainly CS
samples) was dried definitely below the values of equilibrium moisture content of wood
staying in conditions of the museum’s exhibition. Whereas, small quantity of samples
the moisture content of which exceeded the value of about 12%, required further drying.
Making comparison of the shrinkage of treated wood with that of both control samples
was thus performed after seasoning of wood at relative air humidity 44 and 70%.

Shrinkage of freeze-dried untreated wood (Control F-D samples), and then, seasoned
in controlled conditions at RH 44 and 70%, was considerably lower, than shrinkage of
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Table 6. ASE values for pre-treated and freeze-dried oak wood, seasoned at RH 44 and 70%,
determined in relation to the shrinkage of untreated and freeze-dried wood (Control F-D samples)
Tabela 6. Wartosci ASE dla impregnowanego drewna dgbu wysuszonego sublimacyjnie i sezo-
nowanego przy wzglednej wilgotnosci powietrza 44 i 70%, okreslane w stosunku do skurczu
drewna nieimpregnowanego suszonego sublimacyjnie (prébki Control F-D)

ASE, %
Designation . .
of samples CS samples — prébki CS T samples — probki T
Oznakowanie RH 44% RH 70% RH 44% RH 70%
probek
T R T R T L T L

10% PEG 300 0.0 27.5 6.8 37.1 -22.5 40.0 -17.6 66.7
20% PEG 300 34.0 67.5 54.5 82.9 -47.5 40.0 -17.6 66.7
30% PEG 300 66.0 90.0 90.9 97.1 -47.5 80.0 59 100.0
10% PEG 4000 -10.0 12.5 -13.6 8.6 0.0 60.0 0.0 -333
20% PEG 4000 -24.0 10.0 -25.0 114 -52.5 20.0 -61.8 0.0
30% PEG 4000 -8.0 27.5 -4.5 34.3 -45.0 40.0 —47.1 333
10% Sucrose -2.0 20.0 2.3 25.7 -27.5 20.0 -26.5 333
20% Sucrose 4.0 325 18.2 45.7 -30.0 40.0 -17.6 333
30% Sucrose -2.0 42.5 25.0 62.9 -32.5 60.0 -29 100.0
10% PEG 300 + -4.0 35.0 4.5 45.7 -45.0 40.0 -35.3 66.7
10% PEG 4000
15% PEG 300 + 20.0 55.0 40.9 714 -62.5 60.0 -41.2 100.0

15% PEG 4000

samples which were dried in the air only (Control A-D samples). So, the shrinkage of
freeze-dried wood in tangential direction (Br from 3.4 to 5.0%) was about three times,
and in radial direction (Br equal to 3.5 and 4.0%) about one and a half times lower. Very
clear decrease in shrinkage of wood was observed also in case of the samples that were
treated before freeze-drying. Then, ASEr values ranged from 49.2 to 97.2%, and ASEx
values, from 39.0 to 98.2% (Table 5). Whereas, differences between changes in dimen-
sions of freeze-dried untreated and treated wood were not so big. At the same time,
tangential shrinkage of pre-treated CS and T samples was only slightly bigger, than
shrinkage of samples that were not pre-treated (Control F-D). Worse results are repre-
sented with negative ASE values in Table 6. Only in case of CS samples with greater
uptake of PEG 300, distinct lowering in tangential shrinkage to the level of 1.7 and
0.4% could be observed. Whereas, radial shrinkage of treated wood was always lower,
than the shrinkage of Control F-D samples. Similar to the previous situation, the most
satisfying ASE values (90.0 and 97.1%) were obtained in case of wood that was treated
with the most condensed solution of PEG 300. They corresponded with the shrinkage of
wood being 0.4 and 0.1%. Comparable level could be observed also in case of the
shrinkage of oak-wood in longitudinal direction (Table 4).
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CONCLUSIONS

1. Shrinkage of slightly degraded oak heartwood with the maximum moisture con-
tent about 136% and the conventional density about 490 kg:m> which underwent
freeze-drying and then, it was seasoned at RH 44 and 70% is distinctly lower, than the
shrinkage of wood dried only in the air-conditioned room.

2. Shrinkage of well-preserved archaeological oak-wood, which was treated with
polyethylene glycols or sucrose, and then, freeze-dried and seasoned in air at RH 44 and
70%, can be lower or higher, than the shrinkage of untreated oak-wood, freeze-dried
and seasoned in the same conditions. It depends on the type and quantity of a modifying
agent, that was absorbed by the wood during its impregnation.

3. Time of freeze-drying of archaeological oak-wood, treated with polyethylene gly-
cols or sucrose increases together with the increase in the quantity of impregnating
agent, that is taken up.
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WPLYW WSTEPNEJ IMPREGNACJI NA KURCZENIE SIE
WYKOPALISKOWEGO DREWNA DEBU SUSZONEGO SUBLIMACYJNIE

Streszczenie. W artykule przedstawiono wyniki badan nad kurczeniem si¢ nieznacznie
zdegradowanego wykopaliskowego drewna dgbu (Quercus sp.) suszonego sublimacyjnie.
Przed suszeniem, prébki drewna poddano impregnacji w 10-, 20- i 30-procentowych wod-
nych roztworach PEG 300, PEG 4000 i sacharozy oraz w mieszaninie obydwu poliglikoli.
Zmiany wymiaréw drewna w kierunku stycznym, promieniowym i wzdluznym okreslano
bezposrednio po liofilizacji, a nastgpnie po sezonowaniu wysuszonych sublimacyjnie pré-
bek — w powietrzu o wilgotno$ci wzglgdnej wynoszacej 44 i 70%. Skurcz nieimpregno-
wanego i impregnowanego drewna degbu suszonego sublimacyjnie byl wyraznie mniejszy
niz skurcz materialu suszonego w sposéb naturalny (ASEt od 49 do 97%, ASEg od 39 do
98%).

Stowa kluczowe: drewno wykopaliskowe, skurcz drewna, impregnacja, suszenie subli-
macyjne
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