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SUMMARY

The green appearance with bamboo is one of attractive characteristics
continuously encouraging the industry of landscape architecture to use the
bamboo materials. However, the original green color of bamboo surface turns
into gray and yellowish brown as used outside, and the fungal attack often
develops dark discoloration (mainly black) with the decrease of its strength.
Those problems have limited the use of bamboo in the industry of landscape
architecture because of the reduction of the value and service life.
Development of bamboo preservation techniques both fastening the green color
and enhancing the durability could increase the economic value of bamboo
products, resulting in the increase of the use of bamboo products in the
industry of landscape architecture. In this research, the bamboo preservation
techniques to simultaneously achieve the fastness of green color as well as
the enhancement of durability were investigated using copper-based
preservatives such as CCA, ACQ, CB-HDO and CUAZ.

The investigation of biodeterioration of bamboo products used outside proved
that the natural durability of bamboo was low and most of biodeterioration
was caused mainly by fungi. Total 25 genera and 29 species of bamboo decay
fungi were isolated and identified from the deteriorating bamboo materials.
High weight loss of bamboo by 7. versicolor and A. phaeospermum proved
that they were the major fungi causing the most serious damage. Those fungi
isolated and identified will be offered to researchers when demanded.

The removal techniques of wax layer on bamboo surface were investigated
using a response surface method. The solution mixed with potassium

hydroxide and sodium dodecly sulfate were proved to be most effective. The



optimized conditions were found using RSM were 5% potassium hydroxide,
3.5% sodium dodecyl sulfate, and 24 hours reaction time. The R® of fitted
equation was 0.98, meaning that the fitted equation well represents the
response of the wax removal reaction. The RSM offers the flexibility for the
practical use by offering the multiple solutions of individual variables for any
desirable level.

The possibility of CCA, CUAZ, ACQ, and CB-HDO were evaluated in
fastening the green color and enhancing the durability. CCA was proved to be
effective to the green-color fastness, although other preservatives failed. Dip
treatment with above 3% CCA solution for above two days kept the bamboo
surface to be green. The laboratory test of the durability of pressure-treated
bamboo showed that the protection against decay fungi could be achieved in
above 1.5% CCA solutions, and that against soft-rot fungi in above 4% CCA
solutions.

The microstructure and flow pathways in bamboo were investigated using
196 safranine solution, showing the poor penetration into culms during
treatment. The vessel elements were easily permeable; however, lateral flow
was highly restricted because of the absence of ray cells. Hence, the need for
specialized techniques such as the removal of wax layer for obtaining
adequate retention against fungal attack should be required.

Dip and pressure treatment techniques for the green-color fastness and the
enhancement of durability were suggested by considering the results of the
previous experiments. At least 4% CCA solution should be used for the
treatment of bamboo to obtain the green-color fastness and the durability
against fungi. And dip treatment should be continued until the bamboos could
get the same retention achieved when they were pressure-treated. Dip

treatment required 10 to 20 days treatment times to get the effective retention



against fungal attack. However, Moso bamboo showed the untreated regions
between the outer and inner layer. It resulted from the thick thickness of
moso bamboo, meaning that the use of dip treatment was highly dependent on
the thickness of bamboo.

Although the effective retention could be easily obtained by pressure
treatment, the development of green color was insufficient. Dip treatment for 5
to 8 days after pressure treatment is suggested to get the sufficient
green—color fastness.

Sludges were formed three days after both the dip treatment and the dip
treatment after pressure treatment, and the amount of sludges increased with
the treatment times. To minimize the amount of sludges, starches and gummy
substances such as wax and resin in bamboo and the potassium hydroxide
remaining in bamboo after pre-treatment should be removed by immersion in
water for sufficient times. And the CCA solution should be used after
filtrating the sludges.

The safety in use and environment was investigated by evaluating fixation
characteristics of CCA at various conditions. The fixation rates in treated
bamboos were highly temperature dependent. Since the correlation of fixation
temperatures with minimum times required for adequate fixation was excellent,
the proper times for fixation could be predicted under given conditions of
temperature and fixation times. The fixation rates under drying conditions
were slower than those under non-drying conditions. The fixation under
non-drying conditions appeared not to be completed at the given conditions.
To get the safety in use and environment, non-drying methods should be
applied for the fixation of CCA chemicals in treated bamboo.

Field performances of the treated bamboos were evaluated by exposing them

in outside conditions for three months. No fungal attack was observed and the



green color of the bamboos treated with both dip treatment and dip treatment
after pressure treatment was continuously maintained. Slight differences were
observed by chroma meter, the change of color was difficult to be found in
naked eyes. The results suggested that the green color could be maintained
during the service life of treated bamboos. More observation of the treated

samples would be continuously performed.
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2 FEFRR ARFDl 4@ e Ba Aor(Figure 1-4), A7l

(

ot 7hale BESEA e TmE AxE AHE A ALEEE ol
A AR ZFREUREE] relz #EE QT B R Liese(1959)= & ol <gk 7}
sEoh R 9t FErF o an, Z2ARSHRTE ARSI WA RSt

g Zhel7h o wobar Bargk vk gk tiueoh SAjel nlste] 1A A
2 dstoll A == olfrv iyl o] E53 Yol He dEol ©
o] &Asl7] w& o]t Beeson, 1941; Gardener, 1945; Mathew and Nair, 1990;
Gnanaharan et al., 1993)

o shs) el uigk A wulelAE Ad Fdd v gloh 2y 9
=o 7, 19939 A7EE=0lA A E INBAR 3] jell A tiibio] A E A<l
dsts BAATIE FH dE 2A Bagde] AVIHEATE 2 A ofAlel A
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o A tivk Zhal o ol 2l9} FAH o] 3= HMohanan, 1996). 4 &

o]
oA Hug uF RIFEFEE Phyllostachys edulis, P. heterocycla var.

o
Sh

pubescens, P. lithophila, P. nigra, Irpex lacteus, I. consors Berk., Tyromyces
palustris, Pycnoporus coccineus (Trametes sanguinea), Poria vaporaria,
Schizophyllum commune Fr., Polyporus versicolor (Coriolus versicolor) S ©]
e, ZMRLEFOZE Tromees palustris, MARZEF 0 2= [rpex lacteusst
Polyporus versicolor7t =83&tta ®Hud # vl <Clxd A= Polyporus
zonalis Berk., P. tenuiculus (Beauv) Fr., P. grammocephalus Berk., Polystictus
steinheilianus Berk. et Lev., Poria diversispora Berk. et Br, P. rhizomorpha
Bagchee, Lenzites elegans (Fr.) Pat., Fomes durus (Jung.) Cunn., F.
hypoplastus Berk., Schizophyllum commune, Stilbum erythrocephalum Ditm.,
S. lateritium Berk., Tetraploa aristata Berk., Thelephora palmata(scop.) Fr.,
Trametes persoonii Fr., Tremella fuciformis Berk., Gloeophyllum striatum (Fr.)
Murr., Cyathus limbatus Hall.,, Sphaerostilbe bambusae Pat., Sporidesmium
nilgirense Subram., S. leptospermum, Cribaria intricata Schard., Flammula
dilepsis Berk.et Br., Apiospora montagnei Sacc., Lacellina graminicola (Berk
et Br.) Petch, Phellinus gilvus (Schw.) Pat 5°] & F5doz HuxAduh
Bl=rol = Daldinia concentrica (Bolt. ex Fr.) Ces et de Not., Trametes
lactinea Berk., Lentinus sp., Pycnoporus sanguineus L. ex Ft., Gloeophyllum
sepiarium (Fr.) Karst., G. subferruginosum (Berk.) Bond. et singer, Trametes
cervino—gilvus Aosh. and Haploporus ljubarskyi (Pil.) Bond. et singer,
Fomitopsis Pinicola (Sw. ex Fr) Karst, Favolus sp., Schizophyllum commune

Fr. 5o ®i¥drh
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FA duRR A AFAL 2t Gl (Phyllostachys  bambusoides), 55Ol
(Phyllostachys nigra var. henosis), 3% % (Phyllostachys pubesens)= AF&-3}$]

o REEe] REbY Pl TALS Haw PALR 65 65 REE AEs
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lo,
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< E2HE AddRT AFFToeR

bt A5 §959 Brks FHsoil) Al @A (vermiculite) S AHE-FF
oy B BEAS FATORE AMES HE AYstas v REY S
X774 AWPA E10-01(AWPA 2001)9] soil-block Al@WHoll & A3dte] A A5
ko diu 2 Bt ool HATE 7beleE ApolE &ARSHY] 918t
W (Pinus densiflora) WA HAE ARgste] o509 HA JMeieE S HE

g 7ret it
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Yoy B ARFRe FAFeR SR Uuy ARFie R¥wd @

o] th&¥ o] AAlskt

7hH BAEE& EXR/AA Y FH|

296 MEA wixlel w2l wjst At wtARAl 7FgAte]ol A 27 5mm cork
borerg ©]-&3to] HEUS AFHIT F 25% malt extract =& 20meol HE 3
t HE 5 tube stirrerE o] &3dto] TS HAFS AR F 7Y FF 28Tl

Stk AR Fo] dgdg 220 FHA tube stirrerE o] &3}
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W) /A A8 JF E NG

500m¢ ¥l el HA (vermiculite) 20gS FaL 1 9ol FulE Al Ul 7
de] 5 FaeE A s oAl HA 20gs ¥ol AEES HAth
Mineral nutrient solution(6g9] NH4NOs;, 4g9 K:HPO, 5g¢ KH:PO4 4g2]
MgSQ;, + TH-0, 25g2] glucose, 0.1mg2] thiamine-HClS F/FF 1209 o] A %)
100mes Wi 1% §& & AA ¥usS FPGsA tA S 121TCed A4 30

i FQt Etstdth M dH S 2443 e A% 5 121TCellA 208 &<t 22 |E

=
Ll
o

S, AE B dAMASE EAE AFEA AAGL A
Ae Aol A 48413 FtF 7 (MC<202%)A1 71 5 103Tol A 244

FAE 4L, BF AF FAS ol g3l FIR2LS AN

N
2
M
ol
o
2

|

T 9N & HEste] 26% 299 ¢S 55k tHTable 2-1). 2Rk
E ARE W, AdTEF 67%, HEFTF 181%, BT F 149% o= e

1) H & F (Zygomycetes)

21709 #& Bolatel 2% 339 ¥ ISk Bow 4w

=
2
© Mucor racemosus7t 128%=% 714 =& FHIEE HYow, tgo=
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2) A3 5 (Ascomycetes)
T 6379 #& ®eElste 174 2059 #& Fd5sith EeEE AddE [ ol
XM= Alternaria alternata’} 266%= 71 =& REZHEE How tgoz
Arthrinium phaeospermum(7.4%), Phialophora mellini-like(5.3%), Acremonium
sp.(3.2%), Trichoderma koningii(32%) &< 22 YEYTH 2 AFoA] B
H dES sdobAobst mFolA R tiuF RS FyEe] RBid Ao] gle
4], Acremonium sp., Arthrinium sp., Fusarium spp. 5 < =gt Aol A vt
T outEHe ddves dex Jdvh(Rahman 1978, Rahman and Khisha 1983).
gl wEHdAdA Ba® Arthrinium sp.®t Fusarium spp.S X3Hs}¢]
Cladosporium sp., Penicillium sp., Phoma spp. S°] Hl=ZoA &g - iE o
™ (Thongkantha, 1999), Zhang %(1997)°] <2l mul=olA Acremonium sp.,
Phialophora sp., Trichoderma sp., Verticillium sp. 5°] R1%gch oAz 2+
of elmo e HiuH #FEo wul vty dtet: A3 #Eo] s A
S w AR EARE A7A ko] A=dtA dstet wed = A7 dFet
7] el B ATESFEH £dd #5o] AAR Il duFY F5u d8F S
o AETA  dsle Host=AE FEEVI= oHu @A Arthrinium
phaeospermum®] 75-, = iy A5 2 HAS Vst b g o
o2 AtmEEd, ole # AFoA o] o] FENIETF =& BR oy WA
Hooivy Edole A2 v 9oz ojm FlE uvp 97| wiiEoltt
oA Ay 2A
Alternaria alternata’t ©]=rolA A3 B wf gl o= e X g% wol
% host(s5) SolA wiZolgt AbgdEH. o R o] o] Ul tiypiel ojuf gk
A=st4 dstE oprlat=Ad i Aede A7 e dda & & Ak 1
B3 yeasts FE|o] BAAES A= Cephaloascus albidus®t Sporothrix sp.
7b g FeEdded, o] el AdWSTAge] e ZAelA HFAdel v

i,
e
N
X,
Jm
o
>
otk
(o
fru
rlr
re
[-40
-4
=
2
S
ich
it

s

St FEBAEL b Ex RSt FF, B4 PEEE A4S gl
St que st Aow AAA ATin et al, 1989). WehA Fu) chuol A
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St dgtel glofM s o] FEo] AA oW A& S sh=Ao HE AT7F g

=
= Pasee Art.

3) B A7 (Basidiomycetes)

T 1409 #S EEste 6% 6% #& 5. EEE @
= Ceriporia lacerata®t Schizophyllum commune©] 4.3%% 7} =& EgH=
E HYow, v o= Phanerochaete sordida(3.2%), Hypochnicium sp.(1.1%),
Irpex lacteus(1.1%), Trametes versicolor(1.1%) 59 <02 eyt ols

N
F:U
O{N
2
R

=2 BT T 2 d7AdA AR W AFEFS SAEFoRRE SARS
o] el 2 FAo wI A EFE EoE Ao s dERA, ol2FH =
ol EAéle BARITHRFIE duFe 7eele Aoz ArmdY. Ceriporia

lacerata’= #H<tol diolA Suhara 5(2003)0 <J3] AlFoZ RuFE FOoBA
T A= B Ao Bl AH&olet AR EY. Schizophyllum commune= 7
AAA oz 744 &g o < styldl, # A4 T F¥ed oiuFESE
B 2742 Sdrstomm o] H#o EAHo] Lo|3tdtt. L3 Phanerochaete

sordida™= AA7FA FUoll e BiEE o8 deA] drk EoldAL B 4

TN REH GATFES BF BARFF] S, ol gupre =)
s ey WHd wdo] Y& Aoz Amdr B ATA Red @A
FEe 3o ATARNNE wug Ho| glid, ot BATFI AT R
AgERol Vst % A4 D host So14E A7) WEow AmHd

of 43} o RYUEE
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Table 2-1. Fungi isolated from Bamboo in service.

Fungal species % Frequency No. of Isolates
Ascomycetes
Alternaria alternata* 26.6 25
Arthrinium phaeospermurn 7.4 7
Phialophora mellini-like 5.3 5
Acremonium sp. 3.2 3
Trichoderma koningii 3.2 3
Geotrichum candidum 2.1 2
Penicillium asturianum 2.1 2
Trichoderma longibrachiatum 2.1 2
Verticillium albo-atrum 2.1 2
Acremonium Kiliense 1.1 1
Cephaloascus albidus 1.1 1
Cladosporium oxysporum 1.1 1
Curvularia ovoidea 1.1 1
Fusarium sp. 1.1 1
Phialophora sp. 1.1 1
Phoma glomerata* 1.1 1
Phoma sp. * 1.1 1
Sesquicillium buxi 1.1 1
Sporothrix sp. * 1.1 1
Unidentified Ascomycetes* 2.1 2
Zygomycetes
Mucor racemosus 12.8 12
Mortierella isabellina 4.3 4
Mucor circinelloides 1.1 1
Basidiomycetes
Ceriporia lacerata 43 4
Schizophyllum commune* 4.3 4
Phanerochaete sordida* 3.2 3
Hypochnicium sp.* 1.1 1
Irpex lacteus* 1.1 1
Trametes versicolor* 1.1 1
Number of Total Isolates 94 94

"Fungi were identified using both morphological and molecular method and

the others were identified using only morphological method.
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G, guE 23dARe) 2559 9

N

!
7t Ceriporia lacerata’s A &g B ol djgh F5

o, Foiel BFEFTol= ATl ARl FFAZ et FATH] 7oA
U

(a=0.05)°] <1 A H(Figure 2-1). T Fo w& U

E59s HUe Ay, T versicolor$t P. sordida®) ZA FE 58 o] of7k $

=]
w
FE Ae AT E T PEEEs A8 33 wyvh

Q0
O Giant barrboo
El Hachiku banoo
RO |EMoso banboo
- W radata pine
5 -
5 %
2, i
-
|
%

Ceriporia Schizophyllum  Phaerochate ~ Hypochnicium  Irpex lacteus Trametes
lacerata conmune sordida sp. versicolor
Decay fungi

Figure 2-1. Average weight losses of three bamboo species and radiata pine

sapwood by Basidiomycetes isolated in this study.

l,ﬂ__
e} WME=70E P glomeratas A 93 RE FA 4
Fogtol A AR AP g FATA] Fo4d@=0.050°] AGEA Lkt

(Figure 2-2). °o|A ¢ FFvith AR5 Aol Aolgk o]+ Othman 5(1995)
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Weight loss (%)

Ml

Soft rot fungi

A: Alternaria alternata, B: Arthrinium phaesopermum, C:. Acremonium sp., D:
Acremonium kiliense, E:  Cephaloascus albidus, F: Cladsoporium oxysporum, G:
Phialophora sp., H: Phoma glomerata, 1: Sporthrix sp.,J: Unidentified Ascomycete

Figure 2-2. Average weight losses of three bamboo species by soft rot fungi

isolated in this study.
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Ele kit

10p0e] &5 "olmdd & HEZ FH7|E Ab&ste] SAs Y 452
= FFdA FAHHE 3549 Hd@gs o] AEsida iz 24 FAY
v Al i J5Zo] A4 A
3 Y = AA =79 2A
7h AdAA
b F30 EAlske gz AARFEE dFsty] flste] WS EUEEAH
(response surface methodology; RSM) 7|¥ <] bl 4l 3444 7 & ¥ (central
v APA AEsA =4 5 e
1A= &S sk, ozl o3 &
SH¥eEe 3433 (optimized
g By

composite design; CCD)°o] AF-&% 3t} CCD

SHHFEo] Ag A
Aadygs  Fokel HH wEs
o] th(Myers and Montgomery, 1995). 2 23lo] AL-&5 RSML 2° factorial CCD
24 o] W] =A% Figure 3-1914 & 4 itk
(0, 1.414. 0)
g
A A
< 1 o
- - P
& w2 (a, 0, 0
0}
F i)

[ ]
Figure 3-1. A diagram illustrating a 23 factorial design with central composite
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Figure 3-164 & 4 ol ASHA 9] 2t ZA PSS 2° factorial designe ©]
kol Qom, At HoE fd Hywse 7 gES 1,0, -19 A 7t
A e NHAEE MsEATt 20 factorial designol Al 7 Fdel A 27
0, 0, 0 AZolA 7hd ZaAolgtan A4y = 22 A8HH, 1 9 59
A #E VNFEoR #5EA DolA UA "t

*

AeHA e FAH1 £ -1 gor dHily =

m

=z A

T= o

rlo

el
(E
x
t
10,

& NFeR Vg (514149 ArF "olx glAl Hv, 2 factorial CCDlAM =
2 factorial design® %z oo FA gk FA FHOoRFE Voo Azl "o
A AAANA L ghel o]xAel ¢ S ffE AAHA ek 2y A
Vool AwE "olxd A 27 A= oJy7] wiEe] dWtAo® 159
ghol AbgHM A 274 = ARgET Fam 2 ojde] B Afele o A
Mol vsketA e HA g e

Tzeng(1998)& ol HA AAFE xHolA= oF 7Fedt A3 gEol TAEALE

40+ HEEAIZEo R MAstd on, ZF MaES] g RSM A &str] fste] 7}
Zb =15, -1, 0, 1, 159 o=z WA 7 SgwHTE9 codingd #he

Table 3-1°14 & 4 At}
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Table 3-1. Coded and assigned variables of different levels of the central
composite design (a=1.5)

Coded level

Factor
-a -1 0 1 a
Potassium hydroxide (%) 1 2 4 6 7
Sodium dodecyl sulfate (%) 0.5 1 2 3 3.5
Reaction temperature (°C) 10 20 40 60 70

Liu¢t Tzeng(1998)& RSMoll A o =73} wuh

oo
1o
ofy
o>
o
il
rr
X
f
it
flo
o
2

>,

%)
vdas = HH3AZ ¢ vt B g vk vk o] coding AAE 2 W
=9 A7) #AIglel dABT 27| wd

et al, 2001). Table 3-2&= RSMeolA Alg® F=x7A9
olo t&% = CCDAA 9 coding #h& HolFth

b AR R

e Yy
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Table 3-2 Central composite design for removal of wax existing on the

surface of bamboo.

Actual variables Coded variables

KOH Surfactant Time KOH Surfactant Time

(%) (%) (min.) (%) (%) (min.)
1 2 1 20 -1 -1 -1
2 6 1 20 +1 -1 -1
3 2 3 20 -1 +1 -1
4 6 3 20 +1 +1 -1
5 2 1 60 -1 -1 +1
6 6 1 60 +1 -1 +1
7 2 3 60 -1 +1 +1
8 6 3 60 +1 +1 +1
9 4 2 40 0 0 0
10 1 2 40 -1.5 0 0
11 7 2 40 +1.5 0 0
12 4 0.5 40 0 -1.5 0
13 4 3.5 40 0 +1.5 0
14 4 2 10 0 0 -1.5
15 4 2 70 0 0 +1.5

L2 < R T

D AR &= AALAY HAA

Table 3-3& 3% E4FZE(potassium carbonate), <AF3HZE(potassium

hydroxide), B4t 4}EE (sodium carbonate), 93 EE (sodium chloride) &
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7 o]E3} 1% AHEA A (sodium dodecyl sulfate) £ F&HANA AHga A

Table 3-3 Contact angles of water on the surface of bamboo."!

Giant timber bamboo Hachiku bamboo Moso bamboo

Chemical™ 0 e G e 0 e Q) —on e 0 /=0 Or—on s
Control 72.81a" 72.16a 68.77ab 69.3ba 69.82a 69.40a
(1.49) (1.85) (1.02) (1.29) (1.69) (1.36)

PC 68.20b 68.14ab 72.53a 72.39a 71.85a 71.45a
(3.07) (2.69) (1.78) (1.57) (2.60) (2.61)

PC + S 66.32b 65.86b 72.34a 72.33a 70.14a 69.54a
(1.33) (1.20) (1.07) (1.17) (1.01) (1.67)

P 61.39¢ 56.83c 58.23¢c 51.84b 61.53b 59.63b
(5.11) (5.54) (4.61) (5.81) (3.76) (2.63)

PI + S 52.62d 46.16d 48.66d 39.16¢ 45.65¢ 40.88¢c
(6.21) (8.56) (6.21) (11.60) (6.61) (5.77)

e 67.62b 67.18ab 71.82a 72.18a 69.88a 69.72a
a (1.72) (1L.77) (1.73) (1.27) (2.46) (2.47)

SCa + S 65.68bc 65.54b 69.60ab 69.30a 68.37a 67.95a
(2.48) (2.35) (1.66) (1.58) (4.01) (3.60)

Sl 63.87bc 63.90b 69.31ab 69.44a 70.86a 70.86a
(3.32) (2.98) (1.77) (1.69) (1.37) (1.27)

SCl+ S 65.91bc 66.06b 67.68b 66.59a 69.09a 68.80a

(2.84) (2.74) (1.18) (0.90) (2.43) (2.15)

“Walues represent the mean of five replicates and values in parenthesis
represent the standard deviation.

“pC; potassium carbonate, PH; potassium hydroxide, SCa; sodium carbonate,
SCl; sodium chloride, and S; surfactant.

“Means in the same column followed by the same letters do not differ

significantly by Duncan’s multiple range method (a=0.05).
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Table 3-4. The values of contact angle of water on the surface of bamboo at

the various treatment conditions

Actual variables Coded variables Differences
of contact
KOH Surfactant Time  KOH Surfactant Time angles
(%) (%) (min.) (%) (%) (min.) “)
1 2 1 20 -1 -1 -1 2.34"
2 6 1 20 +1 -1 -1 1.72
3 2 3 20 -1 +1 -1 3.47
4 6 3 20 +1 +1 -1 8.23
5 2 1 60 -1 -1 +1 7.63
6 6 1 60 +1 -1 +1 12.37
7 2 3 60 -1 +1 +1 12.75
8 6 3 60 +1 +1 +1 18.82
9 4 2 40 0 0 0 16.17
10 1 2 40 -1.5 0 0 4.31
11 7 2 40 +1.5 0 0 9.30
12 4 0.5 40 0 -1.5 0 7.57
13 4 3.5 40 0 +1.5 0 17.43
14 4 2 10 0 0 -1.5 2.73
15 4 2 70 0 0 +1.5 16.37

“I'The values represent the difference of the values of contact angles before

and after the treatment.

3 AY G2AA d5He =& 2 Bt

g AARDT SR GEZ Aol BANE FHY] S1F RSM #A A
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Y; = 5635 + 5674x; + 8598, + 14.230xs — 7.774x,° - 5.215x5 [R*=0.98] (1)

Y; = differences of contact angles before and after the treatment
x; = coded KOH concentration
x2 = coded surfactant concentration

x3 = coded reaction time
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Y, = -36.405 + 18.385a + 8598b +0.3315¢ — 1.9435a° — 0.01304c” 2)

Y; = differences of contact angles before and after the treatment
a = KOH concentration (%)
b = surfactant concentration (%)

¢ = reaction time (min.)
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Figure 3-2. Change of the differences of contact angles of water on bamboo

surface before and after the treatment when the reaction time is 20 minutes.
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Figure 3-3. Change of the differences of contact angles of water on bamboo

surface before and after the treatment when the reaction time is 40 minutes.
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Figure 3-4. Change of the differences of contact angles of water on bamboo

surface before/after the treatment when the reaction time is 60 minutes.
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a

A2 Figure 3-5914 & 4 vk 1= 259 4o, Fd, 4FF9] a

ZyZy 752, 498, 5472 CCA 1% 8902 AHHH Yo 4F559] 42
=

oanE g4 29 o F4E ddel AT fAL

w
B
N

Table 3-5. The values of L, a, and b of Giant timber, Hachiku, and Moso
bamboo dip-treated with CCA, CB-HDO, ACQ, and CUAZ-1."!

Great timber bamboo Hachiku bamboo Moso bamboo
Types Time
L a b L a b L a b
Untreated 33.40 -7.52 11.69 4452 -4.98 9.08 34.79 -5.47 7.56
control (1.58) (0.7 1.72) (4.99) (0.66) (1.80) (2.25) (1.04) (2.44)
3 hr 58.34 -1.42 27.37 58.99 -2.22 19.89 56.14 -1.72 23.89
S (1.85) (0.58) 1.65 (1.94) (1.92) 1.64) (1.65) (1.24) (1.17)
6 hr 54.59 -0.75 28.39 56.55 -2.30 22.86 53.52 -2.07 23.28
S (0.86) (0.21) (0.84) (1.07) (1.66) (2.07) (0.73) (2.42) (2.42)
56.52 -0.12 28.68 56.86 -2.74 22.17 56.87 -0.48 25.09
12 hrs

(3.25) (0.51) (1.07) (0.49) (1.07) (2.21) (1.90) (0.71) (0.43)

53.09 -1.88 25.37 56.21 -2.68 21.87 54.72 -1.54 2391

CCA 1% 1day (hgs) (050) (3.60) (1.06) (0.56) (1.03) (1.44) (0.87) (1.68)

54.79 -4.86 25.96 53.93 -5.53 19.99 5249 -2.08 20.68

2days (hg3) (0.99) (1.93) (0.24) (0.90) (2.59) (0.26) (0.87) (1.61)

55.02 -4.52 27.76 5147 -6.58 19.73 53.43 -3.05 24.99

Sdays (h33) (056) (1.24) (1.03) (0.53) (0.90) (0.85) (0.76) (2.35)

53.39 -5.07 27.17 54.89 -7.41 2041 54.37 -4.34 24.18

107days (h o) (0.22) (1.43)  (0.93) (0.19) (1.37)  (2.20) (1.36) (1.76)

“TValues represent the mean of three replicates, and values represent the
standard deviation.
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Table 3-5. Continued.

Great timber bamboo

Hachiku bamboo

Moso bamboo

Types Time

L a b L a b L a b
3 hr 52.75 -0.86 23.26 55.58 0.81 22.94 53.58 2.18 27.90
S (262 (1.76) (1.53) (0.90) (0.83) (0.95)  (0.88) (0.98) (0.89)
6 hr 52.29 -0.72 26.10 56.75 -1.62 20.48 55.66 -3.58 21.88
S (094 (1.46) (0.22) (0.83) (2.85) (1.70)  (0.93) (0.87) (0.91)
12 h 50.50 -1.47 25.65 54.64 -2.21 20.89 53.45 -2.97 22.93
S 2.200 (1.02) (0.61)  (1.23) (1.68) (0.79)  (0.74) (0.87)  (1.38)
CCA 3% 14 52.14 -3.17 20.69 53.41 -3.42 21.20 52.46 -4.21 19.65
o A 181 (1.89) (5200 (1.32) (0.96) (1.07)  (0.33) (0.97) (0.78)
9 4 54.74 -6.8 23.21 54.62 -9.74 21.28 54.21 -7.00 23.54
S (054) (0.41) (052 (042 (0.31) (0.75)  (0.43)  (0.53)  (0.30)
54 52.29 -9.22 24.27 54.83 -11.34 19.18 43.98 -9.90 24.10
S (1.42) (1.66) (1.55)  (0.78) (0.35) (0.67) (12.07) (0.78)  (0.92)
10 ¢ 51.57 -11.23 22.20 53.23 -14.17 18.59 50.58 -11.61 21.29
S 091 (1.3 (0.81)  (1.33) (0.53) (111 (L.OD  (1.30) (0.53)
3n 52.00 2.06 26.71 53.62 -0.94 22.73 53.08 0.95 22.45
097 098 (0.96) (059 (0.78) (1.68)  (1.31)  (0.59) (2.48)
6 h 50.42 2.09 25.91 53.03 0.21 21.37 51.87 -0.37 21.36
(169 (04D (085  (240) (0.39) (1.21) (29D (0.81) (0.43)
12 h 52.03 0.37 24.88 55.40 -2.28 21.60 52.72 -0.90 22.21
07 (152 (7D (1L18) (201 (299  (0.89) (0.33)  (1.56)
CCA 5% 1d 51.79 -1.66 24.15 52.70 -2.15 21.52 51.98 -2.84 21.82
’ Y039 (1400 (1.78)  4.24) (063 (0.75)  (0.73)  (1.18)  (1.29)
94 54.54 -9.7 22.00 5455 -10.56 19.65 54.82 -8.96 20.30
ays
Y a4 059 085 (084 (1.08) (1.8D) (213 (1.93) (1.14)
5 d 53.34 -10.63 21.46 52.28 -13.21 20.27 54.01 -12.48 22.30
S 034 (132 038 (1.8 (1.09) (1.99  (1.36) (0.78) (0.81)
10 d 52.60 -14.95 21.22 50.37 -16.70 17.83 4890 -14.78 20.29
S 061 (085 (1.30)  (1.40) (0.39) (0.33)  (0.53) (0.18)  (0.50)
ACQ 5% 10 d 28.95 1.81 9.63 25.51 2.98 10.56 29.86 2.81 12.77
’ S (312) (0200 (349  (278) (0.80) (1.68)  (4.10) (0.58) (3.66)
CB-HDO 10 d 36.83 3.09 17.17 37.20  3.27 17.37 35.83 3.57 15.98
5% 5 066) (054) (0.90)  (1.32) (0.65) (2.08)  (0.78) (0.33) (2.00)
CUAZ-1 10 d 30.73 2.19 12.27 28.34 3.21 15.44 33.84 3.56 14.87
5% 52D (044 (151D (164 (065 (201  (1.78) (043 (211
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Figure 3-5. The change of a value according to dip—treatment time.
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Figure 3-6. Comparison of the color of bamboo pressure-treated with CCA
and CCA alternatives.
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2 A A A= A o)t (Daniel and Nilsson, 198%).
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Figure 3-7. Weight loss for CCA-treated bamboo samples according to the

concentration of CCA solution — Test fungus: Trametes versicolor.
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Figure 3-8. Weight loss for CCA-treated bamboo samples according to the
concentration of CCA solution — Test fungus: Arthrinium phaeospermum.
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Figure 3-9. The cross view showing anatomical characteristics of bamboo

species (x50): (a) Upper part, (b) Middle part, and (c) Lower part
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Table 3-6. Variation in vessel diameters and frequency of distribution along

the wall thickness in Giant timber, Hachiku, and Moso bamboo.

Average Average
bamboo . vessel number of Vessel area
types Location diameters vessels (%)
Comd (/mm?)
Outer 56.2 13 2.3
Upper Middle 104.5 8 7.4
Inner 132.2 7 6.9
_ _ Outer 61.1 12 2.6
Glant Umberyjiqgle  Middle 109.1 8 6.9
Inner 127.8 4 4.3
Outer 72.1 10 1.5
Lower Middle 107.2 6 4.2
Inner 158.7 4 6.0
Outer 49.8 14 2.7
Upper Middle 103.6 8 5.9
Inner 127.0 7 6.4
) Outer 55.4 14 3.1
gjgsgs Middle  Middle 112.0 7 6.2
Inner 143.3 5 5.6
Outer 57.3 9 2.2
Lower Middle 125.6 6 6.9
Inner 144.7 4 4.8
Outer 51.6 7 1.6
Upper Middle 1254 7 4.6
Inner 149.9 4 3.4
Outer 58.4 11 2.1
bgi‘l’sgo Middle  Middle 128.3 6 7.1
Inner 140.0 4 3.5
Outer 69.1 8 2.2
Lower Middle 128.1 4 5.0
Inner 134.9 4 3.7
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Figure 3-10. Comparison of average vessel diameters according to the

longitudinal and transverse location of vessels and types of bamboo.
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Figure 3-11. Comparison of average number of vessels per unit area (1 mm®)
according to the longitudinal and transverse location of vessels and types of
bamboo.
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Figure 3-12. Comparison of vessel area (%) according to the longitudinal and

transverse location of vessels and types of bamboo.
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(c) Moso bamboo

Figure 3-13. Cross view showing the flow path of safranine through the culm
of Moso bamboo (left: outer surface (x10), right: inner surface (x40))
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Figure 3-14. Distribution of safranine around vessel and bundle sheath in

Moso bamboo (upper: x40, lower: x10).
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Figure 3-15. Sample preparation for measuring directional CCA absorption
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D: Side section exposed to CCA penetration
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Table 3-7. CCA absorption through various surface of bamboo.

Surface exposed to CCA absorption

Bamboo species
A B C D

Giant timber bamboo |10.76(1.63)| 7.49(1.41) {50.33(2.91)| 4.26(0.97)
16.78(1.21)]12.32(0.72)|52.27(4.10) | 5.29(0.82)

Hachiku bamboo

Moso bamboo 11.94(2.78)| 7.27(1.93) |51.46(3.81)| 6.41(0.45)
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Figure 3-16. Comparison of CCA absorption through cross section among

sampling locations.
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(2001)% v]=F South Carolinatt WEF3 vla G555 CCA 7FbAE e 2

3, BEFO] WA FaFol FR-Fol vste] 22%°l =3eks Bagk wh o

Table 3-8. Mean absorption (%) of pressure treated bamboo samples with
4% CCA-3."

Sample type

Species Slampt!mg
ocation Stripe Round
55.54 61.11
Top (3.28) (1.01)
. 55.72 59.65
Middle (6.98) (5.72)
Giant timber bamboo 5401 54.59
Base 6.21) (6.05)
55.09 58.45
Pooled (5.43) (5.81)
61.98 60.46
Top (7.48) (10.33)
} 59.60 55.78
| Middle (6.32) (7.19)
Hachiku bamboo 60.71 53.98
Base (9.20) (8.21)
60.76 56.74
Pooled (7.36) (8.75)
56.31 55.93
Top (7.66) (5.92)
) 60.52 56.52
Middle (6.37) (9.07)
Moso bamboo 61.68 56.98
Base (9.62) (11.81)
59.50 56.47
Pooled (7.88) (8.85)

“Walues represent the mean of ten replicates, and values in parenthesis
represent the standard deviation.
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Figure 3-18. Change of CCA absorption of dip—treated bamboo samples
according to dipping period.
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Figure 3-19. Photographs showing CCA penetration of dip-treated bamboo
samples — Left: Giant timber bamboo, Middle: Hachiku bamboo, and Right:
Moso bamboo.
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Table 3-9. The values of L, a, and b of green bamboo and dip-treated
bamboo with 4% CCA for 20 days.

. Green bamboo Dip-treated bamboo
Bamboo Sampling

species location

Top 42.91 -7.87 30.77 4940 -9.41 23.89

Giant
timber Middle 44.74 -9.39 25.78 53.09 -11.16 21.82

bamboo

Base 49.20 -8.24 30.89 53.65 -12.63 24.70

Top 42.47 =732 17.18 4792 -8.08 18.51

Hachiku .

Middle 43.66 -7.51 17.04 49.44 -9.43 16.43
bamboo

Base 45.81 -6.94 17.43 51.24 -11.09 18.81

Top 34.50 -6.67 13.73 52.28 -11.47 20.11
Moso .

Middle 36.71 -7.23 16.57 52.60 -12.24 20.15
bamboo

Base 36.14 -6.50 16.36 53.25 -11.72 17.00
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(a) Giant timber bamboo

(b) Hachiku bamboo

(c) Moso bamboo

Figure 3-20. Typical color of CCA-treated strip—type bamboo samples.
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(a) Giant timber bamboo

(b) Hachiku bamboo

(c) Moso bamboo

Figure 3-21. Typical color of CCA-treated round-type bamboo samples.
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Absorption (1 day) = 48.61¢70-21 x Thickness g2 = g g2
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¢ 1 day m 3 days a4 6 days x 10 days x 15 days

Figure 3-22. Effect of thickness on percent absorption rates of 5% CCA

solution.
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—— Giant tinber bantoo —1— Hachiku banboo —e— Moso bantoo
100
S @ |
) e — e
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o
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a
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Dipping period after pressure treatment (days)
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Figure 3-23. Change of CCA absorption of dip-treated samples after pressure

treatment according to dipping period.
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Table 3-102 ¥ A5 AAge] v, AdAe] v, 7HbA el S g9t
gl o] AN o AdS UEhlE agts Ve R 39S u 7}

__]':
A wdse Ao vehgth oA agle]l e olft:

A diel e Aol Ag AmAlo)Rly] wole} AprH L,

Table 3-10. The wvalues of L, a, and b of green bamboo, dip—treated
bamboo, dip—treated bamboo after pressure treatment with 4% CCA for 20
days.

) Pressure and then
Green bamboo Dip-treated bamboo

Species  Location dip—treated bamboo

L a b L a b L a b

Top 4291 -7.87 30,77 4940 -9.41 2389 5187 -6.48 24.86

Giant
timber  Middle 4474 -9.39 2578 53.09 -11.16 21.82 5149 -6.62 2326

bamboo

Base 4920 -8.24 30.89 5365 -12.63 24.70 5097 -7.15 2296

Top 4247 -7.32 1718 4792 -8.08 1851 49.72 -5.69 15.09

Hachiku .

Middle 4366 -7.51 17.04 4944 -9.43 1643 5087 -6.80 2352
bamboo

Base 4581 -6.94 1743 51.24 -11.09 1881 5147 -7.62 19.29

Top 3450 -6.67 1373 5228 -11.47 20.11 5028 -=7.76 22.75
Moso .

Middle 36.71 -7.23 1657 5260 -12.24 20.15 4794 -6.73 23.79
bamboo

Base 3614 -6.50 1636 5325 -11.72 1700 5093 -6.13 16.21
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Figure 3-24. Photographs showing CCA penetration of dip—treated bamboo
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Figure 3-25. The amount of sludge formed in CCA-treating solution (10mf)

according to dipping period in water after wax removal treatment.
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Arsenic
0.21
0.22
0.19

Copper
0.12
0.09
0.11

CCA fraAEel 7ol §&8HA 7] 1

.

Average concentration in leachate (ppm)

Chromium
0.04
0.03
0.04

Z5H

+F

=

A A8 A i

of A thut

Giant timber bamboo
[e)

Bamboo species
Hachiku bamboo
Moso bamboo

Table 3-12. The degree of CCA components leached from CCA-treated
ool

bamboo.
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Figure 4-1. View of the preservative—treated bamboo samples exposed to

the weather.
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Table 4-1. The change of L, a, and b values of

samples after 3 months' outdoor exposure.

dip—treated bamboo

After treatment 1 month’s exposure

3 months’ exposure

Species
a b L a b

L a b

Giant timber

52.05 -11.07 2347 5138 -10.06 2192 50.86 -9.99 2098
bamboo
Hachiku
4953 -9.53 1792 4896 -888 1739 4817 -8.55 16.62
bamboo
Moso
5271 -11.81 19.09 5128 -11.00 1866 51.22 -10.77 1853
bamboo
Giant timber Hachiku Moso
0
-3
5 -6
s -9 I
1o L
-15
Bamboo species
M After treatment E1 month's exposure O3 months' exposure
(a) Dip treatment
0 Giant timber Hachiku Moso
3 L
o 5

Bamboo species

‘ M After treatment B 1 month's exposure [3 months' exposure‘

(b) Pressure and dip treatment

Figure 4-1. Change of a values during 3 months' exposure.
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(a) Giant timber bamboo

(c) Moso bamboo

Figure 4-3. Dip—treated bamboo samples after 3 months’ outdoor exposure
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(b) Hachiku bamboo

(c) Moso bamboo

Figure 4-4. Dip-treated bamboo samples after pressure treatment after

months’ outdoor exposure
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Table A-1. Minimum inhibitory concentrations(mg/#) of CCA toward test

fungi.

Fungus MIC value Equation”
Acremonium sp. 267 y = ~13.002x” - 48.398x + 194.01
Alternaria alternata 466 y = -73.857x + 197.09
Arthrinium phaeospermum 103 y = ~81.748x° + 141.35x + 46.939
Ascomycete 223 y = -106.35x + 241.92
Ceriporia lacerata 568 y = -30.685x° + 67.298x + 47.424
Cladosporium oxysporum 431 y = -94532x" + 317.46x — 165.92
Curvularia ovoidea 187 y = -119.84x + 272.33
Hypochnicium sp. 263 y = ~174.82x° + 567.03x - 348.26
Irpex lacteus 70 y = -30.76x + 56.725
Phanerochaete sordida 357 y = -34.361x + 87.739
Phialophora sp. 116 y = ~76.952x° + 151.1x + 16.111
Phoma glomerata 88 y = ~26.349x" - 36.643x + 170.67
Schizophyllum commune 87 y = ~187.03x” + 479.61x - 226.87
Sporothrix sp. 244 y = -55.025x% + 123.39x + 19.081
Trametes versicolor 396 v = -33.104x” + 50.016x + 93.494

“x and y represent logio(conc. of CCA) and radial growth (mm) of fungal
hyphae, respectively.
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