Jcs

Journal of Conservation Science

Research Article

Tl [t 7|k A HIO|Q Z0| HEHIR| HIE U SA| ESH 17

Carrageenan-Based Liquid Bioadhesives for Paper and Their Physical
Properties

QBF, S, AT

At BepEEDSATAE, CqA stn ohA 25}

Seung—Jun Oh', Won-Sik Han', Koang—Chul Wi?"

"The Research Center of Conservation Science for Cultural Heritage, Hanseo University, Seosan 31962, Korea

’Department of Cultural Heritage Conservation, Hanseo University, Seosan 31962, Korea

Received November 04, 2020
Revised November 24, 2020
Accepted December 04, 2020

*Corresponding author
E-mail: kewi@hanseo.ac.kr
Phone: +82-41-660-1043

Journal of Conservation Science
2020;36(6):541-548

https://doi.org/10.12654/JCS.2020.
36.6.10

PISSN: 1225-5459, eISSN: 2287-9781

(© 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.

-

= E W4 7] FFE 715k AZGAE dAst A A ARl gk a7t 51 AN
Az 9 AYire] A bAoA FAd {713HE AHES A AT A, AR 2, At
9 B2Ado] Ast 5o go] ettt £ Ao si2R{Y sHEd dES ol gal A
Hhol o HAAE Azt Fo| HAARAY 7hsdE AL 5F3it

7t g o]83t A4 vtol e Fo] FAA Y] AR A carrageenan®] Atz FAA Q] Az
A, HEY, 94, A A e BEAE YeEA " o] & $ste] 2% HA carrageenan
Zoll A A-carrageenanih-g #-2]5t0] ARE-5FGl o o] & <Qlsto] ufjg- bHH Fo] HEA Y A
Z7F 7hsskaTh HE AL A-carrageenan 52.0 = 1.0%, polyvinylpyrrolidone 30.5 + 0.5%,
ethylhexylglycerin 1.0 + 0.05%, glycerin 1.5 £ 0.05%, dextrine 13.5 + 0.5%, A]&-& A 3ZA| FD330A
0.6 + 0.05%9] ZAj0|2t}. o]So] Ve Fx= 1.13 = 0.07 x 10° ¢Ps (25C), pH 6.22, A%
2% 15 min, &b -10.79, AE'ab 8.182] z19]4 A3} ATE eI 919101 44.63 kgfiem?2)
o] =t A2 F g Yeal dgloh o] H&Al= TVOC, HCHO ¥ Fa54 B5ollA &4
£ 40E vegdslon F37148¢5 533 ASTM G 21-15 Al@Rell gJste] #Fo
challenge testoll A| &= FF-olof thgt 943 AP AE Yerl L glofA F2HA 9] & ollA
T 9% A%E U e AeR 2t
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ABSTRACT There is a growing demand for natural materials to replace adhesives based on volatile
organic compounds (VOCs). However, the exclusion of VOCs from the manufacturing process leads
to difficulties in manufacturing, and reduction in productivity and preservability. In this paper, we report
the manufacture of natural bioadhesives using the carrageenan component of seaweed. A -carrageenan,
isolated from the extracted total carrageenan, was used to prepare a highly stable adhesive for paper.
The resulting composition was 52.0 £ 1.0% A -carrageenan, 30.5 + 0.5% Polyvinylpyrrolidone, 1.0 +
0.05% ethylhexylglycerin, 1.5 + 0.05% glycerin, 13.5 + 0.5% dextrine, and 0.6 + 0.05% food-grade
antifoam emulsion. The viscosity was found to be 1.13 + 0.07 x 10° cP (25C), UV degradation occurred
at pH6.22, drying rate was 15min, Ab" was -10.79, and AE'ab was 8.18. The bioadhesive showed
an excellent adhesion strength of 44.63 keflem®. Thus this adhesive showed excellent fungal resistance
and good adhesive persistence, without the presence of total volatile organic compounds (TVOC),
formaldehyde (HCHO), and heavy metals.
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ul Ao A% Sodium hypochlorite solution, hydrogen
peroxide, ethyl alcohol> SamchunA}2] AJoF-g ARE-5}4 T
891 Az0] 0|5 FR4 1R FR3t] A8
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H2HA Az F781A AH-E Polyvinylpyrrolidone (PVP,
K-90/Max 95.0%), EthylHexylGlycerin (EHG, 95%), Glycerin
(PG, 99.0%), Dextrine (Dx, 99.0%) AFd 3Fae] A ES AL
3}31.0H, Polydimethylsiloxane©] ¢4 antifoaming agent
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Table 1. Hazardous substance detection limit

o] 7] B 745 Zoli= 1220 g0 102 VOl A
£ mAS] HEE 25T A 40 WEL o] gai3ch. 2B
A5 A AR ME 2GS B SAACM2600d,
Minoltarl, JPN)E AF835}0] CIE L'a'b” A o2 et
Welek

P 242 Far A|Y7|(L&W Bendtsen Tester,
Lorentzen & WettreAl, Sweden)E ©]-8&3}5 oM, KS M
180187(F0l, #A| W HIL - 25 A2] U AFS 91
B& AEel 1 13 Arel o] #E]) KS M ISO8791-2(F
ol 9 x| - AAV/HEE SH(37] =&)Y Ad
T4E 71ees sl

o] A2 4 B7HE A T2+
Ae Aastglon, 7 9.0 mm, 917 94 mmo] HE
2] ZA Well vl2] 23 W Rgbdulz] o] de]
AY 1 mLE =FsHch AA & 22 2719 Bos =
H|ato] 30~-35CollA] Zofiz 48417k ujoFatal o, ojuj
Ao F W 8 2 WU Aol B 3007)
olste] F4] 2 HATAZ slo] FAFHE SAISA

ol WA $14 WS Slelel JI=E B
ICP mass (nexion 2000 B, perkinelmerA}, USA), {3} 22
B $FF2 OES (Optima 8300, perkinelmerA, USA), o 21l
Az} Zdd FHeES GC-mass (7890B, AgilentAl, USA),
Eatg|slo] = 3FERS HPLC (A-10altus, perkinelmerAl, USA),
WAl E52oll 3RS GC-mass (clarus 600, perkinelmerAl,
USA)E o|-&3to] FallidS Asshatt A& = o
£9] Table 13} Zth

2.2. A —carrageenan?| 22|

53} carrageenan= 60CollA A|& 60.0 g& 0.01 M
Ca(OH), =89 1 Lof 15.0 g9 KCIZ =33t §-olof 1
A7 Bt AA8kAL 015 147 FHE 30T olslz 2H

sto] o5 ofutsto] Felshoirt. ofvbd AshHE AdE

(% or pg/g)

Experiment

Limit of detection (LoD)

Benzene (LoD 0.00002%)
Toluene (LoD 0.00002%)

TVOC
Ethyl benzene (LoD 0.00025%)
Xylene (LoD 0.0006%)
HCHO Formaldehyde (LoQ 40 pg/e)
Pb (LoQ 2.0 ng/g)
Heavy metal Cd (LoQ 1.0 ng/g)
Cr (LoQ 2.5 nglg)
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Figure 1. Adhesive consisting solely of A-carrageenan.

Figure 2. Adhesive consisting of A-carrageenan along

with k-carrageenan and i-carrageenan. Presence of
k-carrageenan and i-carrageenan leads to the forma-
tion of lumps due to the onset of gelation.
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Figure 3. Carrageenan before bleaching.

Figure 4. Carrageenan after bleaching.
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Table 2. Optimized composition of the adhesive for paper using A-carrageenan

Solid contents

Total ratio

Carrageenan (Whitening) PG PVP EHG Dextrine FD330A  Total solid Distilled water
28.57 0.83 16.56 0.50 7.31 0.31 54.08
Wt/% 45.92
52.82 1.53 30.62 0.93 13.53 0.57 100.00
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Figure 5. Adhesion strength according ~ Figure 6. Adhesion strength according  Figure 7. Adhesion strength according

to the content of distilled water. to the ratio of DX in the adhesive for  to PVP component ratio.
paper.
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AL uFE RO 305 £ 0.5%2 ZoZ Holh th Ab'= M H2HA| 491, G A2HA) -4.85, A ZF Zo]
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3.4. MZE 30| Tx%el =8 2 UpehgthFigue 8, 9). W2 s A W2 oA

= A HEZo] 3840 kefiom’, T4 HHA= P H2HA)
G AR 7} zHz} 38.48 keflent?, 38.32 kgflem & =7
AE| 9t AzxH Fo] HRA L 44.63 kgflem’ 2 =7

341 FA Z: H 7|2 29 Hlw
7120 AHgSHE A 2 A
d FA% A BAL w Bt on,

v to

Table 3. Properties of natural adhesive and adhesive for paper

Adhesive Natural adhesive Adhesive using
Properties Potato glue Wheat starch glue J adhesive M adhesive Carrageenan for paper
pH 6.57 7.85 6.55 7.99 6.22
Drying rate (min) 29 21 17 7 15
. Ab 15.63 1.46 -17.23 491 -10.79
UV degradation "
AE ab 13.22 5.39 10.13 3.53 8.18
Adhesive strength (kgf/em®) 38.40 40.82 - 27.5 44.63

Table 4. Properties of synthetic adhesive

Adhesive Synthetic adhesive
Properties P adhesive D adhesive L adhesive A adhesive H adhesive G adhesive
pH 6.56 4.87 4.80 7.78 6.79 8.47
Drying rate (min) 24 12 28 31 32 13
. Ab -14.06 -9.00 6.72 -19.45 -24.94 -4.85
UV degradation "
AEab 11.90 8.23 6.69 13.26 12.73 4.80

Adhesive strength (kgf/cnr) 38.48 17.85 34.69 25.48 31.01 38.32
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Figure 8. Before UV degradation.
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Figure 9. After UV degradation.
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