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Flame Retardant and Weather Proof Characteristic

of Dan-Chung Treated Wooden by Flame Retardant Performance
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Abstract

One of recent methods to protect wooden cultural assets from fire, there is the flame retardation which is applied
directly to wood and it is to prevent fire through securing flame resistance for the material and delaying combustion
when failed fire in advance and then to gain time for people in the room to evacuate and it has same goal with the
Korean Fire Service Act by protecting life and property. However, in case of spraying flame retardant on the colored
surface of the wooden cultural assets, there are continuous problems of decoloration, efflorescence and water absorbtion
after sometime and accordingly there increases danger of damages of cultural assets. So when treating with flame
retardant on wooden cultural assets, there has to be no problems on dancheong after sometime and securing
sustainable methods for flmae retardation should be preceded. Accordingly, this study aims to provide basic sources for
selecting proper flame retardation methods by evaluating and analyzing flame retardation capabilities according to types
of flame retardants which are frequently used nowadays and spraying them on the dancheong-painted surface and
confirming if there is no problem on the dancheong and wood after sometime and if flame retardation effect is
sustainable with its quality and capability through precise analysis.
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Figure 1. Dancehong of wooden cultural assets

b)
Dancheong Drop Out
Figure 2. Efflorescence phenomenon on the Dancheong

a) Dancheong Exfoliation
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Table 1. Summary of the experiment

Tempergittl;/re/ Humi Average 26C | 75%
Wood Korean Pine Tree
Direction of dotted line o
Sample 00mm Direction of

Direction of fiber 290mm spray 8T

Plaster(white), Meat Color(Apricot),
Permanent Orange(Orange),

Cobalt Blue(Blue), )Chinese Ink(Black)

Dancheong paint

Dancheong

agglutinative agent Poly-Sol(25wt% of Dancheong)

A company, Korea
B company, Korea

guanidine

Flame Retardant
phosphoric acid

Dancheong

treatment Cultural Asset Repair Standard Guide

Time of flame Less than 10s

. remaining
Flame Retardation ) )
Capability Time of embers dying Less than 30s
Standard fire
Notice of NEMA
2008-24 Length of Carbonization Les2%ctr?an
(2008.12.12)
Area of Carbonization Lesé%CLban
Table 2. Experiment factors
Rggggnt Spray methods of flame retardant
A B ® @ ® 0] ®
Dan
Dan  cehong Flame
” cheong coloring  Flame retardant and
Classifi coloring on the retardant dancheong

cation —Phosp NOM& “aftar™ wood afterspray on  paints +
Guanidi™y i (dlstil spray of mixing the dan  flame
flame flame cheong- retardant
retardant retardant painted spray on the
on the and wood dancheong-p
wood dancheong ainted wood
paints

acd \ ater)

Yang-8

T-Plain ©
Yang-A
-8T-@
Yang-A
-8T-®
Yang-A
-8T-®
Yang-A
8-©)
Yang-B
-8T-@
Yang-B
-8T-G®
Yang-B
-8T-®
Yang-B
-8T-6

o O O O
O

o O O O

O

¥ Bun, Yuksaek, Jangdan and Meok are same factor

¥ Mixing rate of flame retardant and dancheong paints:

Flame retardant, 10wt% of Poly-Sol.
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a)Spray of flame
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Figure 3. Spray of flame retardant
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Table 3. Dancheong XRF Analysis

Yuksaek
(Apricot)

Meok
(Black)

Yangcheong
(Blue)

Jangdan

Bun(white) (Orange)

Com
ponen
ts

Com
ponen
ts

Com Com !
ponen ona/n)o ponen Ratio
ts ts

(%)

Ratio
(%)

Ratio
(%)

Ratio

m
PR (%)

T 9826 Si
Al 055 Al
Nb 038 Na
S 02 K

6440 Pb
2107 i
852 Ca
32 Ra 051 S 013 K
K 024 Fe 148 Cr 026 - Ca
P 014 Ti 103 - - Si

- - - - A

75.02
2039 Ra
350 Cr

Pb 989 Fe
067 Cu

025 i

53.12
14.96
14.64
7.78
548
2.33
1.67

Table 4. Flame Retardant XRF Analysis

Guanidine Phosphoric Acid
Analyte Result(%) Analyte Result(%)
S 9.0 S 994
Na 20 Ca 0.3
Ca 0.7 Ni 0.1
Ni 03 - -

=3]

uol 7
ACQ BRI

© Curl 15% ol kgl
HAEAL A2 AdRo R olF FAfel
A4S 7P o Aoz *hi%ﬁk
/\%/H Aﬂo]—i EHH] ‘:H H
Ao wo} Bz 7xEo| A
=Sy EZH—J eﬁk&‘ﬂ(ﬂtﬁf WH, -
2% W e B ARk gt Ael A
o] 24 Bt 25k o 7
Aow Uepton|, ZEHO

lm -|n
F
1
b

40

57132 Table 13} o] AHPIA A 31A][9)]
3he 47HA] 710l ARtelRE 24 E,Lg w7)siac). Eat

B2 WAl A7 ARels AR FAE
5T= SRAYE, o)= AAddy} Sv7k et 2 &9 4

ol psIslo e, el W ofele Aoz B

T 2 AddelA AllstElen, ofof 8T8 teR Al
e At skt e  AREE Al A Figure

49} Z-om Ail= Table 5~8, Figure 5~10%} Zt},

125

a)Bun (white) b)Yuksaek (Apricot) c)Jangdan Orange)

f)45° combustion
experiment

Figure 4. Samples of flame retardation experiment and 45°
combustion experiment

d)Yangcheong

(Blue) e)Meok (Black)

Table 5. Plain flame retardation experiment results

Bun YuksaekJangdanYang‘:he Meok Averag

Classification (white) (Apricot) (Orange) (glue) (Black) e
Time of flame
remaining 14.0 17.0 17.0 15.0 20.0 16.6
(sec)
Time of
embers dViNG 330 380 410 350 430 380
Plain (sec)
Length of
Carb?niiation 20.0 20.4 21.1 20.2 216 207
cm
Area of
Carbonization — 47.1 48.0 497 476 509 487

(em)

Table 6. Result of spray of Guanidine(A) retardant and mixing

flame retardation

Bun Yuksaek Jangdan Yangche Meok

Classification (white) (Apricot) (Orange) ong  (Black) Average
(Blue)

@ 60 60 70 70 90 70

Ti”r“gmgfn{'r?gme ® 70 140 140 110 140 120
(sec) @ 60 70 60 60 80 68

® 40 50 60 50 70 54

® 120 150 140 140 190 148
Timgyi%ef?:ebefs ® 130 210 190 170 220 184
(se0) @ 150 100 160 150 160 144

® 110 80 110 60 150 102

@ 95 107 108 108 116 107

Cér%ggr:igaggn ® 116 122 138 99 121 119
{om) @ 82 99 113 93 113 100

® 75 87 89 78 96 85

® 24 252 254 254 273 251

Caﬁ)fg;zg{ion ® 273 288 325 233 285 281
{om) @ 193 233 266 219 266 235

® 177 205 209 184 226 200
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Table 7. Result of spray of Phosphoric acid(B) retardant and
mixing flame retardation

Bun YuksaekJangdanYangche Meok

Classification (white) (Apricot) (Orange) ong  (Black) Average
(Blue)
@ 3 5 6 3 6 46
Time of
flame ® 8 9 13 6 9 9.0
g . ® 3 5 7 2 6 46
® 1 4 5 1 5 32
@ 4 7 13 9 15 9.6
Time of
embe(s dying ® 12 12 14 12 19 13.8
(;'22) ® 4 7 12 7 16 92
® 5 6 9 5 14 78
@ 9.1 10.0 95 8.2 9.1 9.2
Length of ® 9.8 10.5 10.8 9.1 135 10.7
Carbonization
(cm) ® 85 97 9.2 86 10.6 9.3
® 6.4 85 74 6.9 8.8 76
@ 214 285 224 193 214 216
Area of ® 23.1 24.7 254 214 31.8 253
Carbonization
(am) ® 200 228 217 202 249 219
® 15.1 20.0 174 163 207 179
Table 8. Average of flame retardation experiments of
Guanidine(A) and Phosphoric acid(B)
Time of flame em-lt;ig?g c;)fin Length of Area of
Classification  remaining fire YN Carbonization Carbonization
(SeC) (sec) (cm) (sz)
Plain 16.6 38.0 20.7 487
guanidine 77 14.5 10.3 241
phosphoric
20id 53 10.1 9.2 216
60
oBun mYuksaek = Janadan mYangcheong mMeok
60 ==
ag -
30 =

0 ﬂl ! Ll
Time of flame
remaining
[sec]

Area of
Carbonization
[er)

Length of
Carbonization
[em]

Time of embers
dying fire
[secl

Figure 5. Result of plain flame retardation(a«s«limit of
standard)
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Figure 6. Results of Guanidine flame remaining and
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Figure 7. Results of length and area of Guanidine
Carbonization(ss«:limit of standard)
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Figure 13. SEM and EDS Anslysis according to spraying of
Phosphoric acid flame retardant
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