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Abstract

This special project 1is concerned with the use of rosin for
restoration and conservation of archaeological wooden objects. It is
divided into two parts. The first part involes the studies of physical
and chemical properties of rosin such as solubility behavior,toluene
insoluble solid matter in rosin, thermal properties, acid number,
sponification nunber and functional group determination. The second
part implf%s the determination of the suitable formular,which can be
use & for restorstion and conservation of archeological wooden objects
by varying the proportion of rosin, sawdust and rosin, sawdust and
thermoplastic resin. Two thermoplastic resins are carboxy methyl
cellulose (CMC) and polyvinyl acetate (PVAc). A set of product of each
formular is made and each product is subjected to compressivertrengh,

ﬁatér absorption and dimentional test.



The resulls of the studies show Lhat the formular prepared by
melting rosin and mixing with sawdust in the ratio of 6:4 by weight
gives a compressive strength 175 kg/cm2 . The formular prepared by
melting rosin and mixing with CMC and sawdust inbthe rgtio of 5:2:3 by
weight provides the belter compressive strength 191.43 kg/cmz ;

The formular prepared by dissolving rosin in acetone and
nixing with PVAc and sawdust in the ratio of 5:1:4 by weigth and after
evaporation of Gthe solvent for 21 days yields a product with
conpressive strength 69.04 kg/cm” under temperature 45+ 3 “C.It also
found Lhat the longer time of evaporating solvent supplies a product
with higher compressive strengh.

Water absorption and dimensional tesbs show thal increasing
volume of sawdust in Lhe formular results in increasing bLhe dimensiou
change of Lhe producl.on the other hand increasing volume of rosin in

the formular produces a product with less waber absorpbion.
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Ssmple:; ROSIN

Size: 13.0740 mg Kcell:
Method: ROSIN
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(%)

Weight

i —— i il s i

Sample: SANDARAC

Size: 15.9870 mg Kcell: 1.0000 A
Method: DOL o TGA

Run: 31

Operator:

Comment: PROJECT KMITL

100

DoL
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60

40
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0 ' 200 400 N
Temperature

600
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80
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Sampid. ChAVEAR
Size: 47.03B0 mg
Methoo: DOL

Comment: PROJECT
120

Xcell:
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Hun. 32

Operator: DOL

KMITL
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400
Temperature
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Weight

Sample: MASTIC

Size: 22.1370 mg Kcell:

Method: MASTIC

Comment: PROJECT
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Sample: ELEMI Run: 28
Size: 49.5700 mg Kcell: 41.0000
Method: ELEMI —r'cg /\ Operator: DOL
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Size: 20.3620 mg Kcell: 1.0000
Method: RESIN -r'CS /\ Operator: DOL

Comment: PROJECT KMITL
120

100

80

60

401

20—

e T T

0 200 400 Y 80O
Temperature (°C)

DuPont S0



-89-

NIANIBIATT T

fl’lfiii’ll&'lfﬂii'lﬁi’1*3‘]‘214?]’]fiTTGliiil\l

l.dﬁ¥anazna¢ﬂ?uﬁu§¢L3auu1uiuﬁuﬁ1ﬁasa1a1uTn§§u

Ok
i

2. avsdauiin. afuiin uad

4
Lia

A

56.1

(A-B)¥100/M

4 .f @ Y @

A uT“HﬂﬂﬂﬁﬂEalﬂﬁMaﬁﬂﬂiﬂiﬂﬁ
b ’: o L) '

L] uwnunnaeﬁzituanaunwsniaq

Aa wwiing ynasiuau

L (B-A)N¥56.11/C

L] o aa Jv

A daRaRTnavd1TazatauaIgenIantdiun7in

s

tnTad1Taza 1 ARUA YA
Q Qo <4

fn uaaaasnaaaﬁ1aza1ﬂuﬂ91§1un1an1ﬁ1un111n
LNTRRITALANEH22814

< v o w a4 ﬁ 4

A ADINLANIUIASNTR HWLIELUUTHRT

v (]
Aa  umiindenasaanny

aa uaaTuLaqanaﬁiﬂﬁﬂtﬂnu1ﬂaian1ﬁé



-70-

3. A udava2mL unTe (Acid number)

R
sl

56.1

(AN%*56.1)/B

<

Al

o ‘d
NaRanTRANANTATA AR TENTURA L Tantdaganganty
N1 TINNIRFVTALAERIAATS

v W @ '
ﬁ11uLnununaeﬁ11aza1auwa1g1u1ﬂﬂﬁtﬁﬂu1ﬂaian1ﬁa
Y o
#miuntyaasaanny

unaTuLaqanaqTﬂﬁaL?ﬂu1ﬂa1an1ﬁé

v 4 4 4 v
4.dw?nnazna«u1uunuazu?u1a1nsﬂaauuﬂae1ﬂuuaqa1nn11eainuﬁ

v 4 v o
jamasn 1T danuulasuinin

g9

T

(W2-W1)%100/W1

v 4 a
sagasn 7L daaunilasuinag (V2-V1)#%100/V1
® d d’o’u -4 ¥
(A W1 AB UINENEAYBUIIBNAUNITNARALY
a ¥ o X w
W2 A2 WIMBENI2IBUSIUNAIN1TNAFaY
L < X ]
vi  Aa YSuamsnasiusunaun1Inasau

v2

< Y Y s
A ﬂ‘mw'zna\i?usnum\mﬁ‘madau



-71-

HNIMAWMEBUIN @

ﬁaganﬂinaaaﬂ

1.nﬁ1u1ﬂ?u1u§vL3aﬂu1uiuduﬁ1ﬁasa1a1u1n§5u

¥4 Y 4 ¥4
ATIN 1 ATen 2 ATIN 3
dwuﬁnaz%nﬁaluéq(n§u) 29.0461 29.7565 29.7462
dmindynasfudu(niu) 50.0086 50.0040 50.0015
ﬁwwﬁnag?;%auﬁqnw1naaav(n%u) 29.0715 29.7816 29.7714
Y o4 4B,
BIMUNNLUNRB(NTH) 0.0254 0.0251 0.0249
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2. n1mrrddauud L atfulint uad
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#19a%a78R208719 (HARART) 27.9 27.9 27.9
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ar < 3 ~
4.n17ﬂﬁdﬂ“qud""aﬂ71"““‘“1‘“3“1‘3“

4.1 gaiuﬂuiuduﬁugsgaa

i3 Rt AN TN TIRALTEA

(Fudu:d1aa8) (MTanfn) (NTanTuAaR1T19LTUR LUAT)
10:0 27.0 13.5
22.0 11.0
18.0 9.0
18.0 9.0
5.0 2.5
X 18.0 9.0
SD 66.1 33.0
9:1 200.0 100.0
) 192.0 96.0
174.0 87.0
135.0 67.5
134.0 67.0
120.0 60.0
81.0 40.5
X 148.0 74.0

SD 42.7 21.4
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da1 ugemd AN BN TIRANT IR
(Fuduz31308) (Nian¥u) (NTanTuRan1919L TUALURT)

B:2 243.0 121.5
205.0 102.5

205.0 102.5

195.0 97.5

180.0 90.0

155.0 77.5

X 197.2 98.6
SD 29.33 14.7
7:3 267.5 133.8
260.0 130.0

. 252.5 126.2
242.0 121.0

150. 0% 75.0

150.0*‘ 75.0

X 256.2 128.1
SD 9.7 4.8

1 da qa 0 ., [ - :: <« - .
"”'\ﬂl"ﬂ' AN % AaANN1 Q-test 1uu'luﬂQuuﬂ\igﬂﬂﬂﬂﬂﬂaqﬂﬂ'\iﬂquqm
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i1 Rt AL TSNS IAaNT IR
(Fudus31am (NTanda) (NTanTuABAITINLTURLUAT)

6:4 435.0 217.5
430.0 215.0

340.0 170.0

305.0 152.5

300.0 ‘ 150.0

290.0 145.0

X 350.0 175.0
SD 66.1 33.0
5:5 187.0 93.5
183.0 91.5

. 136.0 68.0
136.0 68.0

128.0 64.0

107.0 53.5

X 146.2 73.1

SD 31.9 18.0
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dn ey ATNLT N TIRANTIHA
(Yudu: 31 388) (ATan¥u) (RTANTHRBAIT 1L TURLUAT)

4:6 30.0 15.0
36.0 18.0
23.8 11.8
20.5 10.2
30.8 15.4
38.0 19.0
37.0 18.5
X 30.9 15.4
SD 6.8 3.4

4.2 gﬂﬁuﬁuiuau fil CMC

i1 it AT SN TIRAL TSR
(FusuzCHC) (MTanF) (N1ANTUABATTIILTUALUAT)
1:1 450. 0% 225.0
330.0 165.0
315.0 157.5
295.0 147.5
X 313.3 156.7

SD 17.86 8.8



w ¥4
4.4 gaiuﬁuiuau CMC NudLABA

a09
L ]

)
(fudusCMCzaLAaE)

SD

.

k]
L

% 4
(Fusu:CMC:81328)

SD

ugemd
(MTana)
340.0
335.0
300.0
295.0
290.0
255.0
302.5

31.4

ugein¥
(nfana)
430.0
425.0
390.0
375.0
365.0
360.0
335.0
382.8

34.7

-76-

3 ' o
AMNRANHTIABULTVAA

(MTaNTURARITIVLAURALART)

170.0

167.5

150.0

147.5

145.0

127.5

151.3

15.7

d ] [ d
AL IR TIRDU TIAR

- - J e
(NTANTURARITIILTURLNAT)

215.0

212.5

195.0

187.5

182.5

180.0

167.5

191.4

17.4
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gai u1¢ﬁ1§ nmﬁuu;Quiaéauﬁeﬁa
(JuduzcHc:aidam  (ATandw) (NTanTUABAITIVLFURLUAT)

5:3:2 420.0 210.0
412.5 206.2

385.0 192.5

330.0 165.0

290.0 145.0

255.0 127.5

210.0 105.0

X 328.9 164.5
SD 81.2 40.6

qa1 wremd A21NL TSN TeRaN T IEA
(FuduscMC:iaam  (RTan¥w) (NTANTHABRT1TI L TUALUAT)

5:4:1 335.0 167.5
313.0 156.5

300.0 150.0

280.0 140.0

168.0 84.0

165.0 82.5

158.0 79.0

X 245.6 122.8

SD 78.4 39.2



qa7
L |

¥ 4
(fususCMCz1Laan)

SD

q409
L ]

8 4
(fusgu:CMC: 1L a88)

SD

Rt
(nT1an¥u)
383.0
305.0
260.0
255.0
245.0
163.0
268.5

72.6

u1¢#1§
(NTan¥u)
423.0
410.0
400.0
380.0
375.0
325.0
273.0
369.4

53.0

-78-

AT TIRAL T IER
(RTanTuABAIT 1S LTURLNAT)
191.5
152.5
130.0
127.5
122.5
81.5
134.2

36.3

AL TN IRANTIEA
(NTAnTuRIAIT1SLTURLURT)
211.5
205.0
200.0
190.0
187.5
162.5
136.5
184.7

26.5
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g ATl AHL TN T9RaNTIEa
(FudusoMc:Sidam  (Man¥i (ANTanTuAaA1T 1L TUALNAT)
62321 445.0 222.5
408B.0 204.0
363.0 181.5
350.0 175.0
275.0 137.5
" 245.0 122.5
X 348.0 174.0
SD 69.7 34.8
'gﬁ‘l ll'i\ig.l;f' mwugquwéauwé'a
(FususCHC: BiAas)  (ATanfw) (N1ANTuABR1T19LFUALURT)
7:1:2 305.0 152.5
255.0 127.5
225.0 112.5
200.0 100.0
200.0 100.0
130.0 65.0
X 219.2 109.6

SD 58.9 29.5
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dn 7 Tt AT ML TN TIRALT IER
(fususcHc:mdam)  (AMan¥w) (NTANTUARAITISLTURLUAT)

7:2:1 370.0 185.5
358.0 179.0

305.0 152.5

270.0 135.0

260.0 130.5

255.0 127.5

X 303.0 151.5

SD 50.5 25.3

ar y 4 a o o
4.5 gniuﬂuﬁuau PVAcnuUaLAaY L1aw1un11sstuaa1n1asawnﬁa 21 2

o [ 1 o
gaﬁ u1¢n1ﬁ AT TIRBLTIAA
. g 4 L) - < @ ’ <
(dudi:Pvac:a1aa8)  (nTanTi) (NTANTUAARITINLTURLUAT)
5:1:4 170.0 85.0
170.0 85.0
160.0 80.0
153.0 76.5
116.0 58.0
|
123.0 61.5
75.0 37.5
X., 138.1 69.1

SD 35.2 17.6
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w ¥4 a - . 4
4.3 gaﬁuﬂuiuﬂununtaaﬂta?auﬁ%aaﬁnﬁi1ﬂa1nwazaﬂaLumasawaiudu

LIR1TUNITTE LMARINIAZANE 5 U

A1 LT AL TN TIRALT4HR

(Fusuz 31808 (ATanTa) (RTANTUAAAI1T1ILTURLUAT)
6:4 121.0 60.5
109.0 54.5
98.0 49.0
95.0 47.5
94.0 47.0
82.0 41.0
X 99.8 9.9
SD 13.5 6.8

1281 TBNITTELNBRINIALANE 9 W

Lk ugeni A77MUT I TIABL T eEA
(Fustu:313a8) (RTanTu) (ATANTHABANTINLTUALUAT)
8:4 194.0 97.0
192.0 96.0
154.0 77.0
152.0 76.0
151.0 75.5
136.0 68.0
135.0 67.5
X 159.1 79.6

SD 24.4 12.2
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Lk useny AL TN TIRAL TIER
(Yudu:Pvac: 31388  (ATanFi) (NTanTuAaA1919L TURLUAT)

522:3 82.0 41.0
123.0 61.5

107.0 53.5

114.0 57.0

120.0 60.0

92.0 46.0

95.0 47.5

X 104.7 ‘ 52.4
SD 15.4 7.7

A3 usen¥ ATINLTILTIRALTIHA
(FudusPVac:Bidam)  (ATan¥) (NTaNTuABAIT 1L TUALUAT)

5:3:2 138.0 69.0
148.0 74.0

162.0 81.0

31.0 15.5

68.0 34.0

136.0 68.0

148.0 74.0

X 118.7 59.4

SD 49.2 24.6
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Lk ureny AL TSN TIRANTIER
(FuduzPvAc:31dam  (ATandw) (NTANTHABATIT 1S L TUALUAT)
524:1 48.0 24.0
122.0 61.0
60.0 30.0
52.0 26.0
66.0 33.0
23.0 11.5
94.0 47.0
X 86.4 33.2
SD 32.4 16.2
#1 It AL TIRALTIEA
(Jususbvac: 3 aam  (HTanFw) (NTaNTNABAIT19 L TUALUAT)
6:1:3 123.0 1.5
134.0 67.0
132.0 66.0
128.0 64.0
110.0 55.0
110.0 55.0
105.0 52.5
X 120.3 60.1

Sh 11.81 5.9
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dn1 u%w#ﬁﬁ A2 ML TN TIRBLTIER
(fususPVAc: diRam  (ATan¥u) (RTANTUABANTISLTUALUAT)
6:2:2 95.0 47.5
132.0 66.0
124.0 62.0
120.0 60.0
137.0 68.5
146.0 73.0
146.0 73.0
X 128.6 64.3
SD 17.8 8.9
éﬂ? ure¥ AIINLT S TIRANTIER
(Fudu:PVAc: Biaam  (ManTw (NTANTUABAITIILTURLUAT)
6:3:1 62.0 31.0
123.0 61.5
126.0 63.0
145.0 72.5
132.0 66.0
123.0 61.5
82.0 41.0
X 113.3 56.7

SD 20.8 14.9
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i3 usen¥ A2 T T IR AU TeHA
(Fuu:PvAc:idam  (ATandw) (NTanTuAAR1T19LTURLNAT)
7:2:1 10.0 5.0
8.0 4.0
6.0 3.0
11.5 5.8
6.0 3.0
9.0 4.5
5.0 2.5
X 7.9 3.9
SD 2.4 1.2
#a1 Rt AINL TN TIRALTEA
(FuduiPvac: J1aam  (RTanFi (RTANTUABRITISLTURLUAT)
T:1:2 120.6 60.0
129.0 64.5
122.0 61.0
142.0 71.0
88.0 44.0
96.0 48.0
120.0 60.0
X 116.7 58.4

SD 18.7 9.4



-86-

i1 uTantd ' AL 9N TIRBUTIER
(Judu:PVac:diaam  (ATanFu) (NTANTUAAAITISL TURLUAT)

Bri:1 27.0 13.5
38.0 19.0

85.0 42.5

35.0 17.5

80.0 40.0

50.0 25.0

78.0 38.0

X 56.1 28.1
SD 24.3 12.2

ar 8 4 ar ° o
4.6 §n1uﬂuﬂuﬂu PVAcnunLAag L1aq1unq115;uaamn1azaqa§a 14 M

ga% w3 en1d A1NLTSNTIRALTIER
(Judu:PVAc: a1 (ATanFu) (NTanFuAaR1TIVLTURLUAT)

5:1:4 160.0 80.0

120.0 60.0

150.0 75.0

154.0 77.0

156.0 78.0

130.0 65.0

125.0 62.5
X 142.1 71.1

Sh 16.6 8.3
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i1 R T AR TN TIRALTIDA
(Fuu:PVAc:d1aas)  (RTandw) (ATANTURBAITISLTURLUAT)
5:2:3 118.0 59.0
162.0 81.0
126.0 63.0
174.0 87.0
139.0 89.5
148.0 74.0
147.0 73.5
X 144.9 72.5
SD 19.4 9.7
LY wrand AT suaRanTaia
(Fudu:PVAc:31Ram)  (ATandu) (NTANTHABATIT1ILTURLUAT)
5:3:2 40.0 20.0
100.0 50.0
46.0 23.0
38.0 19.0
61.0 30.5
100.0 50.0
82.0 41.0
X 66.7 33.4

SD 27.2 13.6
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.Gk uaeimy ATINNTINTSRANT9iA
(Fudu:Pvac:Biaas)  (ATandu) (NTANTHABAT I L TUALHAT)
5:4:1 23.0 11.5
26.0 13.0
30.0 15.0
9.0 4.5
15.0 7.5
24.0 12.0
X 21.2 10.6
SD 7.7 7.8
i1 AL A2NNT I TIRBNTIEA
(fususPVAc:dLAam)  (ATan¥u) (NTanTuABRIT 1L TURLUAT)
6:1;3 94.0 47.0
157.0 78.5
120.0 60.0
91.0 45.6
105.0 52.5
96.0 48.0
53.0 26.5
X 102.3 51.2

SD 31.6 15.8



-89-

Lk useny A2 T U TIRBU T ER
(Fususpvac: BLaam  (Aan¥i (ATanTuRBA1T 1L TUALNAT)
6:2:2 7.0 3.5
6.0 3.0
4.0 2.0
4.0 2.0
3.0 1.5
4.5 2.2
X 4.8 2.4
SD 1.5 0.8
L w3 AL TN TR TIEA
(FudusPvAc:31Ram)  (Rlaniw) (MNTANTUABRTTINLTURLUAT)
6:3:1 4.5 2.2
10.0 5.0
1.5 0.8
8.5 4.2
X 6.1 3.0

SD 3.8 1.9



dn T useny
(Judu:Pvac:aia8m)  (ATan¥w)
7:1:2 64.0
111.0

88.0

19.0

126.0

13.0

22.0

SD 46.6
4w

gai tTIntd

N H d - a
(Jusu:PVAc:31a88) (NTanTd)

7:2:21 4.0

134}
.
(=]

7.0

5.0

3.0

10.0

6.5

SD 2.3

[ ] -
ATTUUDIR TSR TIDA

(NTANTURBATIVLTUR LUAT)

32.0

55.5

44.0

9.5

63.0

6.5

11.0

31.6

13.3

d 3 o
ANRASNTIRBL TIaA

< or 3 g
(NTANTUAARVTINLTUALURT)

2.5

3.5

2.5

1.5

5.0

3.2

2.9

1.2



-91-

03 u3emy AL TN TIRANT9ER
(fudu:PvAc:iaam  (ATan¥u) (NTanTuR2A 19191 TUALNAT)
8:1:1 6.0 3.0
3.0 ' 1.5
3.0 1.5
3.0 1.5
6.0 3.0
5.0 2.5
10.0 5.0
X 5.1 2.6
SD 2.5 1.3
4.7 un
éﬂ? ugany © mrmuenTeRaugia
CIBA-GEIGY (MTan¥u) (RTanTuNRBATISLTUALNAT)
225.0 112.5
260.0 130.0
265.0 132.5
220.0 110.0
250.0 125.0
285.0 14205
X 250.8 125.4

SD 24.8 12.4



-92-

LK ugamy AIINL T TIRANT IR
MuTun (NTanT) (ATanTHABRITIILTUALNAT)
300.0 150.0
305.0 152.5
305.0 152.5
300.0 150.0
X 302.5 151.2
Sb 2.9 1.4
gaT et AINLT LT IRaLTIEA
i (hian¥u) (NTANTHABAIT I LTURLUAT)
130.0 65.0
140.0 70.0
) 125.0 62.5
150.0 75.0
200.0 100.0
X 149.0 74.5

SD 30.1 ' 15.0



-93-

A1 BRLT AL TN TYRAN TeHR
1Ay (nTan¥w) (NTANTNABATTIILTURLNAT)
310.0 155.0
295.0 147.5
275.0 137.5
265.0 132.5
X 286.2 143.1

SD 20.2 10.1



