Ioumal of Conservation Science

ST0I8 HA U B

Research Article

SIM Xziglo| EAM oL

Study on the Physical Properties and Characteristics of Adhesives for

Woodcraft

oo, — ’
'Rty £t
AR n 2ot

Seong Eun Kim', Jin Kyung Lee?, Chae Hoon Lee', Yong Jae Chung"’
'Department of Heritage Conservation & Restoration, Graduate School of Cultural Heritage, Korea National University of Cultural Heritage,

Buyeo 33115, Korea

Department of Heritage Conservation Science, Korea National University of Cultural Heritage, Buyeo 33115, Korea

Received October 31, 2019
Revised November 29, 2019
Accepted December 08, 2019

*Corresponding author
E-mail: iamchung@nuch.ar.kr
Phone: +82-41-830-7365

Journal of Conservation Science
2019;35(6):681-688

https://doi.org/10.12654/JCS.2019.
35.6.11

PISSN: 1225-5459, eISSN: 22879781

(© The Korean Society of
Conservation Science for Cultural
Heritage

This is an Open-Access article distributed
under the terms of the Creative
Commons Attribution Non-Commercial
License (http://creativecommons.org/
licenses/by-nc/3.0)  which  permits
unrestricted  non-commercial  use,
distribution, and reproduction in any
medium, provided the original work is
properly cited.

22 8 AL SRR ASHE 1A 2 Y AR SHS BT, 04
QS S B T A9 B oGNS el aoh Al o1 15, £eAA DA A5 05,

ABAA AAA 159 LEIR B4E At B4, 3k SHHAL WEH, ARSE
W7he AWsGTh AAA SAUAE B olme B xardA 159 ARFES 42
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ABSTRACT In this study, the characteristics of natural and synthetic adhesives used in woodcraft were
evaluated. The pattern of deterioration of wood and adhesives according to changes in temperature and
humidity were compared. For materials, one type of anlmal glue, three kinds of polyvinyl acetate
adhesives, one type of epoxy adhesive and one type of zelkova wood were selected. Characteristics
of physical and chemical characteristics, weather resistance and drying speed assessment were carried
out. The adhesion characteristic evaluation showed that the adhesion strength of anlmal glue and one
type of polyvinyl acetate adhesive were 6.54 N/mm” and 7.01 N/mm?, pH meter of anlmal glue and
polyvinyl acetate adhesives was pH 7.03 and pH 3.32-3.59 which were range of available as an adhesive.
According to the test results of weather resistance, epoxy adhesives had the highest decreasing value
in adhesion strength after deterioration. In the reversible test of the adhesive, it was found to be highly
reversible in NaOH, a soluble solvent excluding epoxy, but attention is required when using the wood
since it may show discoloration during processing.
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Bl S o] g3l AL Yk FeluA B
AE SR T, 9B FE, BB SRl
AR o G2 SFAFS D 4
8F 52 7hed d%ol4 £& ulge
(Encyclopedia of Korean Culture, 2019). 0]E1
xﬂxl- ‘;l Aa] _L]—X%O ‘jﬂﬂ ?gi]—, 7]7_—“7(4 X43 g]—ﬁ
Agow FAREY st WL AAAE ol 85
S SJulRith(Kwon ef al., 2003). S5 o] AMg-H e
HAAL AQBAAL FHRAA glow AAH
Al ok, ofm, &, B4, AEA ARE o o
H2A7E AHEE T A AHZA O AR TA A
L H3dol AMgE 715-& g1 4= Qirh(Park, 2013).
o] T otae] B 7keAgol 7] wiZell Ar7t 7k
siths ARl oy ool mizsHA A8k oA
ZHAlof H]sf AR o] MAFIL A FufstEz o]§
A7 HAF oAl ok A= @A A,
A7AA A, AEZQAA 44 So] o]&E1 9o
o, AAH2HAf vlsf tjzHYAto] 7hsstarl Akgo] el
stk Aol ok ey MR oA W= §
Wfr71eE 59 feledz s AgeE s oA
Fodo] EAA Ea Qlom(National Institute of
Environmental Research, 2006; Konetic Report, 2008) -
gol AstE £ HAAE AASH] ofHk A U
ghofl A Egof2 S & T2 AMEE A2 Al &
ZAH] Y (Polyvinyl acetate, PVAC)A|l H2HA, &2]9-HE,
NFAl 5] H2MAl= Faol ARt E3b HEAE] A
Astoly st 2 AFgE a1 Qlch(Park, 2002; National
Research Institute of Cultural Heritage, 2012).

EgollE AR 7le 9 Azl B AolA B
o H2kAlofl thgt A= 7124 EA A7 A
2t (Ulker, 2016), 2 hj =] 3 9l= JHAE o4
OS2 H|a7} o] Fof2| 1L QIth E3HA HEA P ool A
+ HEAY A AR EE A 54T o &=
2 ARgsk=Thol tis) 71sstal Qlek(Park, 2004; Seo,
2008; Lee, 2019). 234 B2 28 H2HAof st A+
© T2 JghEol, EE7| Fofl A& Al SAHSte] gt
ALE FA 07 % TH(Shim, 2006; Ahn, 2010; Kim
et al., 2013; Ahn et al., 2016; National Research Institute of
Cultural Heritage, 2016). A - ZA ] 4L g, 29
AZF 5 A7 AREE ASAHA ZokllA == A7t
ey dek a2y A ool AHEE A2
71 =3 dsf 24 HAAE FAfoll 28sto] FUT
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webd] B ApelAE BgelEe] AL A - ¢
HREA] B D BT AR 12 Xo] S Bl
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312 Aol Wk 5 U
AP WISk Q19 4to] WAl E)=e(Son, 2008)
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Table 1. Adhesive samples

Sample N1 P1 P2 P3 El
Type Animal glue PVAc Epoxy
Pear glue, 205, Pattex, Tite(1), VT-146,
Product
Nakagawa Okong Henkel Titebond V-tech
Country JPN KOR DEU USA MYS
2.2, HiM Y gt
221 2% @it
Bed EAWME QAR Yeaa
%, RS 2stel NS AAEYRYE
oF % Z}Z}Eé KS M 372003324 9] =4 17 Atk

RN (e}
ZLt401] agszﬂ 0.03 g& =23t ¥ EA 2 YA7Ich
AWe SMma 1A J 2322°C, 50£10% RH.0)A] 48
A Az} AlBE A= T Figure 14). @S ot
LA 2 A% 7)(AG-X plus 50 KN, Shimadzu, JPN)Z ]85}



Figure 1. Testing methods for strength properties of
adhesive. (A) Sample and (B) Measurement.
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5 414359 th(National Research Institute of Cultural
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Figure 2. pH samples. Petridish with adhesives(up) and
wood with adhesives(down).
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Figure 3. Reversibility test. (A) Slide glass with adhesives
and (B) Wood with adhesives.

Y4 H7H= KS M ISO 9142(- 2HA- H2HE A1 8L
At AP #F w3 270 A Al F3he =
sh2 & AT Table 2). Foh= 7mtet HEE 3R] 1
T 2, 45 S Sl A3} ehmE AlEE 23027,
50£10% RH.OA] 24A]17F o)A} et A3 F] 5] Q1RFHTHA
e} ol S AT

Table 2. Degradation experiment of temperature and relative

humidity conditions

Degradation time Temperature Relative
(day) (©) humidity (%)
1 23 90
2 55 30
3,45 23 90
6,7 55 30
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Figure 4. Adhesive drying test.
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x%xLﬂE A8 7%31}
N1, P1, P2, P3 E1& A& A, & H2A7}E 2jo]= 4.02,
429, 630, 4.13, 791 N/mn?Co. = é?@E]Oi P29} E1& T}
Ao vla] WA A, T AT 2jo|7} o AL
golslh Al F HAZ =T =4 24 E P8} P3=
W4UREAAE Th2 ABERT £ 2k 7|25
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il ol 394 9ol A2
% 17] wizolth(Table 3). F2HA ] Q17 e H2FA 0}
4o Gt AHSES B2 e o] 245
S THNI1, El: 5 mm/min, P1: 300 mm/min, P2: 20 mm/min,
P3: 2 mm/min). Q147 24 A7 N19}El A24)7} PVA
A A Wk £ APUEE AL A4S A

o

— A=
4 AATK Table 3).

FHAFEE 0.10 Nmm? 2.2 23 E 9
o &ejApAL Aol she

3.1.2, sefd EY

ol EZA AE WA Bl AR E44 FHol
HAA7T 8EHA] &of pH A2EF(004.5, Johnson Test
Papers, GBR)2 ©]-&3} 7to] A% ZAx} oF pH 42 =H 5]
ek, 22l AAAS BRI e BANUL B
PH 534 3 7V, 7t AR 9] S0l 5 247
I NIS 240 7H7He ZHpH 7.03)S 7H4H P1, P2, P3
= 7} pH 3.59, 332, 3.522 AT Ah HEAAE = x5
BT 520 LFES] A9 NS g2 Algun
Fa0| 2 ELETF ST PL, P2, P3E tR AJE B
o 24a A2 UetekTable 4). ol A2 o] 42
oleEEsl BANE JFS & AcE B,

A 9 71800l g 14 0T Acctoned
Ethanol & A| NI, E1-& &2to|& ZgkA AJHZEHO
2o] WSO S5 Al o o) Eotol
ZepA e Eej s S 2l Pl, P2, P32 g
WA A BEWES] FolA A WAE: o] eh}
T 255 AE 5 YA} o) A RS selg 4
slick 4449 $o40 qt A99o2 i B3

1o ot AAFYOn E3) 60C Z22(Distilled
water, D.W.)ol| A 2+743] &3} itk Pl, P2, P3-& NaOH
07 At A7 Eo] NaOH o7} & AoR 1}
grom DW.olA P32 §a =7} =qkout Pl P2= H|

Table 4. pH of adhesives and wood

Sample N1 P1 P2 P3
Adhesive 7.03 359 332 3.52
Wood 5.34

- ive + . X . .
2= Ueldth B12 ol ATk R 7} 8.01 Nimm? 27 Adhesive + Wood 5.69 448 4.50 4.44
Table 3. Physical property of adhesive test result
Sample N1 P1 P2 P3 El
Tensile shear strength (N/mm?) 6.54 7.01 11.06 10.75 8.01
Water resistance strength (N/mm?) 2.52 2.72 4.76 6.62 0.10
Tensile strength (N/mm?) 47.12 6.43 13.90 19.68 37.98




Table 5. Reversible test of slideglass

N1 P1 P2 P3 El
Solution Before After Before After Before After Before After Before After

Acetone

Ethanol

NaOH
0.1 M)

D.W.
(60°C)

0 Before  @After

02500

MWaDH
Do
NaDH
D
Acetone
NaDH
D

Adheshie waght (g)
[=1 [=1 [=1 =1 [=]
B = =
g B 8§ & &
Hhanok —

Acelone
Ethanol
NaOH
D
Acetone
Ethanal
MNaOH
Dy
Acetone
Acetone
Ethanol

Ethano!

Figure 5. Adhesive weight of reversible test(Adhesive weight is the weight of the dry samples except the weight of the
slide glass).
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Figure 6. Tensile shear strength of reversible test.

Table 6. Tensile shear strength of degradation experiment

Tensile shear strength (N/mm?) N1 P1 P2 P3 El
Before 6.54 7.01 11.06 10.75 8.01

Degradation time(l1 week) 2.13 9.17 14.02 13.16 9.86
Degradation time(2 week) 4.85 6.40 11.30 11.58 6.15
Degradation time(4 week) 443 6.37 9.77 10.17 4.90

& AARA. Bl 4284 oo daiAE AAEA  Eo® ETh NIS A3 BAABE Aejsins &

O3 5% @ArTho| LrEhgthTable 5, Figure ) A7} Ato) whet pH7} by Z7kshs opte wal
Qo] 8ulE 2T BAAEL] HAYE ZHE chFigure 7).

3, NS A2l T AAAE Setols ks Al

o] AFAHe Belshy] oS Uk NIS NaOHS} 54 3.3, AZAIZ B}

[e]
(60C) Mg A HHHET} T Zo sl Plap

P3& Acctonest} Ethanolo]] %8 AJel, P2} E1-& NaOH
§ A WA= o] 7| 24 9lrkFigwe 6). NaOH
8o A8 A AR BAAHAN AZo] WALk

3.2. Li=d It

Hsl7t ] whet He H&RAe 2= sk
3tgick N1 g3} 7(6.54 Nimm’)e]] v&) A3} 1523 of
213 Nmm’2 F243] gho] rasti ot A3t 2, 453}
A= ghol gAstgTh PVACAE J2HA¢t El= E3} 1
FApl A2 =7} 1.8~3.0 Nmm'§hg: S718tgl oL o]
& Zash= A go] ek th(Table 6). 2k 3 1A
2= ) - #ggke] Aol PI1(2.16 N/mmb),
P3(2.99 N/mm?), P2(4.25 N/mm?), N1(4.41 N/mm?), E1(4.96
N/mm®) 2.2 yepgth

g3t & Aot HAE East SHAIH S pHE
El HZAIS A28k N1(7.52), P2(4.14), P3(3.88), P1(3.56)

AZAZFE P2(10-12 min), E1(11-12 min), P1(17-20
min), N(18-20 min), P3(23-25 min) £=0.2 A QE ek P2
€} El, P13} NO| HzAjgko] H|S=61A| S qlom 2T
& PVAc AFollA e Az AZEe] afo] 7} TAsh= A&
eFolsh A th(Figure 8).

4. nE U AE
2 AFE A 538 HAAR AFEEL e F
S AZA N1zt 9339214 PVAe A 21, o] £A]

A HAAE AAstel o4, SRy B7kE AAlshn
S
=)
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Figure 7. pH of degradation experiment.
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Figure 8. Drying time of adhesive.
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ko2 Yo BAo] pHel Ak ool
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O Betore

O Degradation time{1 week]
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FAAol9] ke wi o] Eouk 24 HAAEL Aot
S pH Z710] T UrehbEE pH 2 ol w2
o] BFo g0 AYleh. pH 2 of3 Tl H BA

HElS o FAspkgo] dojup #AlE 5 glons
(Forestry Research Institute Seoul Korea, 1991) N1} PVAc
AG HAA| HF AR 7Rs St pH Gl siFE T 53
A3} Al /ol 7171 N1o| ZAjof vl s FgF= 2|
ol 2oz 7tk PVAc AE HAHA 9 71 542
PVAc7} AtstE]d g|slo] = 7|(aldehyde group)t}t 712
A AKcarboxylic acid)o] A O] AMLS He= Zo=R
FelA gloLt AT BAAL ole} HrHe] o3 1
E40] gebd 4 Qlong pHe| wst 2o/ AHal )
UER] k2 Z1o2 HQIti(Sung and Youm, 2012).
sajol= Zaka AHAAE EIS Aelg NIF P,
P2, P3 H2HA 0| A =8 6] NaOHE] 7} o] &<l
5)9It}. BAAHOIHE NaOHE] 7k o] Bels]t &
go|= Zeka Ao Hls] W& Beld, of BAje] 7]
3 Ao whel H2hdo] gufjo] Felo] &) A &
7] mzoltk. 71Eel= e AkA| o] A A= Ethanol,
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Acetone 50| @Ol AREEISIAIRE PVAC A2 H&AI=
NaOHO| & 3}7} S48 Ao & Helct vt Bx)AH
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ong mrht ] g HEAE A Fo7F atHr
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= AAAol = A o] AR BlsEhA 4 H
U 22 AZRARE S5 SAE M2k o P12 1o &
Al kot AAIH7E gk vhE N1 2 13 sjo] A
§lolE 2ol A] g3ktt. o5 &3l N1o] PI K} ZAjef
H2A| Afole] zkgo]l o Hojuthil sttt
PVAc 7| 9] H2pAlolA] A 2AIZEe] 2po) 7} hAYsh= A
< AER ok Sl =2 A o] Aol = <l
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U A2 o] 54 AFY 7 5o A Bk 1
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AL AL
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