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Hgo] 7Vs Ao wke).

Abstract — This study was conducted to evaluate the feasibility of fatty acid (FA)-impregnated wood as a material of
marine buoys for the aquaculture of seaweed. Hydrogenated castor oil (HCO) or castor oil (CAO) as an FA was treated
into Japanese cedar (JAC), radiata pine (RDP) and Japanese cypress (CYP) specimens using an immersion, vacuum
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(Vac) and vacuum-then pressure (VAC-Pres) treatment. FA-impregnated specimens were submerged in saline water for
2 or 4 weeks, and measured subsequently its leaching resistance, TVS and bending strength. RDP (97.62%) treated with
HCO (114.30%) using a Vac (113.49%) or Vac-Pres (145.82%) treatment showed the highest FA uptake and greatest resistance
against saline water-leaching. Although most FA—impregnated specimens underwent shrinkage, total volumetric swelling
(TVS) after saline-water submersion was lower than untreated control specimens (JAC: 3.97%; RDP: 2.97%; CYP:
2.24%), particularly TVS of Vac-treated specimens impregnated with HCO (0.34%) was lower compared to that with
CAO (1.63%). Bending strength of specimens impregnated HCO using a Vac (JAC: 62 MPa; RDP: 67 MPa; CYP: 95 MPa)
or VAC-Pres (JAC: 66 MPa; RDP: 73 MPa; CYP: 111 MPa) method increased significantly compared to that of control
specimens (JAC: 51 MPa; RDP: 53 MPa; CYP: 76 MPa). JAC-marine buoy treated with HCO using a Vac method met

the “Performance Standards of Environmental-friendly Buoys”

, which was designated by the Ministry of Oceans and

Fisheries of the Republic of Korea, in all categories except for impact resistance. JAC marine buoy fabricated with the
transverse direction, which is a perpendicular direction of wood grain, and then treated with HCO using a Vac method
passed the impact-resistance test. Considering the results of this study and production factors such as domestic availability of
wood raw materials, manufacturing cost and safety, it is thought that transverse-processed JAC treated with HCO using
a Vac method for 15 min can be classified as the optimal combination of wood species, fatty acid, and treatment method
for manufacturing wooden marine buoys. It is believed that buoys produced with the conditions can be applied for the

aquaculture of seaweed.

Key words: Seaweed aquaculture, Environmental-friendly buoy, Wooden marine buoy, Castor oil, Hydrogenated castor oil

Gl
= vt OiJHv‘:
o Foll FEE 2020301] ok 55007k
7H7} AP%H Re U% o]+ 1,500~1,7007H/ha?t AHE-E 3L Qs Ao
2 32K 4= Qluh2]. BeF 3k =l Al TFEE 20201 4,300
o ellA] 20231 12 2,000 o2 AFPHF JH-EC] 24.1%E
71=3M3 1], A B3 7R Bl 2, 7PH A, 714 0)
Aok A EE AEFO]-I(EPS) F37} 20203714 714 o] A}
SE o, Al vkt wke T3 22 7hEs s S o] il
Foksto] dljok 228 7] W wlA Sk w02 Iy E Qi)
[3]. whebA] B Fpabitol A= 2025\ 704 k21 7dell EPS -3E2]
ARE-S T8k, F18H FEE thAste] slFehd S skl
I EEEHITH4).

ok B4 FAIE sldsl] 95t EPS F-Eo UiAlgo 2
ke 31 gl 1 FEE dEgAaE, aUE g
(HDPE), &% Z2] 3 212 (EPP) 55 o] 438lo] UAE = 5
For *ﬂéé}i W} [2]. 2eiv X8 ¥ EPS F-E8) vl
0 ofq1 o] SA|A FekS 7EAl7 A, B Ul
ANehE- *15%01 Ul%ﬁkﬂ aljoF 228l|7] A< sl 5147} wo
o, 74 F 238 957} -2 HDPE 9 EPPS o] &30 A4t
531 9 PR R8st ofito] X4 H 0= Aly)E 1 9l
Zd3o|ths]. whhA] A A ZekaY A5t obd el
AEE F3 YA SAIZ EEeh= 7] /do] BQd RoR

EF/V\E] A L8E Alsha 3¢ i BAg aAlE &
w, Aleh, fAH], tiuk 55 28k 71l ZiEE ATH5-8].
TG A7 2AE ol Bate] Alxdh 3183 F e AAle) A,
A, A 7hed ol thEt dol Aot vz
383t SAR R8lo] g oIt ofof tidt el Weto w2
SAE F3E S A Z o] 8k Weko] AV A=
A 7 Ad o7 S5k o] £ A, 9dA, 7 9 #

SAE S

Aol et TR THI HAE ST E A AR

rq'
g 5
B o
2
)
=
i

B37] 913101 2021 SHFPALROIN FER ABFLE 5
71Ene] EQ Y, BN, A2, BN, 87 §3
e /18 S Aasielio, el A48e] 2012

=

PE A 0| §ap] S\ale] T BFE ST+
1814 Ael7} B e st o] F 1% thEAQ PHOE 254
o %, BAlo] HebA A, Axlel, B B4 A3

&
=
73
X] ¢} paraffin, montan wax 52| g3 A g]7]so] Hiw gt}
3}
4
ks

O

19] a8 7] BEAL A E RS SRS i
2 #AZ 71513, Xl%—%%ﬁ} e 9 oA 3l
tszP =5 Sl QiTk. w}ﬂw AAEF LAR A
o] y4=Ad 9l ohakst A4S Elshs ol Hest Zlo g
A=
AAE-Fe AR AR, o1, obhy, Fukak, vkt
A, F3 - T B2 A EY 2d W HRL, BN B F
B9 g %ﬂr 7&% 27 BEE 7Ish AA,L A Aeste] &
om, o] AE Fate] WFAE
ﬂﬂt& EZIH 4 B%:Ml st A3E B Isk3iTH20-23]. ©] £]e]l
ENERSE R *u%oﬂﬁ FEo AAAE A3 A 9 Y=

*”%%ﬁ

2 4

W7t =22] 55 AAste] WAl ZA] paraffin wax®] 50%%
oiAE 22213% EA ol &2 F2Qlo] X5 b shet el U,
= 91—/\,] = ul EAjof wha} 7] 1: AE “"]7&‘7—_, ZAT So

el tiet A HarE3lo24-27). omﬂo] o1 Ao wh
54 SRS Bajo] o AR u} &k 71 3lshA dHlgo] opd W
7t g A, A9 g oA 711s Aol 28], wh
oA A8 A, 3, A soll 21 ed W gl S
o] v|R= Y B7HE Skl S 233 VM-S wE S
7ol tigt A& 75735 ERlsh= A7 2od Ao w Ak,
o9} A=gt A= A FHEA| At

2 AT TheFst Al Atel de] AREE = u]248-2] Fjut
A (castor oil, ©]3F CAO)} ©]9] 438 F3te] A3t ]
vz} €2 (hydrogenated castor oil, ©]3F HCOYE =] 2 H A
A AU} HEaUE 78] 529 590 Bt olE) vl 5

U3t 5, FUF, 82, A-IEY, e 59 S A= 5

jad

e




Moon, Y. et al.

sto] A Az Ao AE US4 Sl ARE=
3k GEHIE AlFEE -, HCOE 4 B B
Atk ool tigk HCO F%F+ 2|49 47t
Ho A AIg RS H-3E 2] eIl it e d
AlgE Sdte] HCOR A2t Ahby 2930 531 44
4 A 7FsAE AehaLAt 2 A st

2-1. SAIRH=
] 9pHo] AFEHIE 01T /e 2YRES TAZ Ax]

=4
o Ak A (Cryptomeria japonica D., Japanese cedar,

9]t
o] s} JAC)S} H M5 (Chamaecyparis obtusa, Japanese cypress,
o]a} CYP) 28] FYARRI ett] o8} &vH(Pinus radiata D.,
radiata pine. ©|3F RDP)E &) &S H A (A, FhlA &
Hako} FAIE O 2 AMESIIT) FAIE O A Fek AlE Ul 43
3ol oigh = 2 sk AR 8] oAlE flste] Akl Eeo)a
FEle] HCOSE v A<l o172l CAOE 2+ Hebei Guanlang
Biotechnology Co. Ltd.(Shijiazhuang, China)2} el 2~ 18 (M &,
FSE)elA Fulfste] FA U= 2902 f1gh oFel o & Algsielct.

TE, 7Y AT 9 A o] Fell whe Aake] F90% Y
S 283 AR 79 AL AGEA) 5o AfolE Akt
7] fl5te] =58 ARA FHEe] 5142l wood block(25 mm
x 25 mm x 25 mm), 2% strip(70 mm x 25 mm x 5 mm, L x W x T),
& strip-10/30(150 mm x 50 mm x 10 mm 53 30 mm, L x W x T)
= 914200 mm x 200 mm % 10 mm, L x W x T) @E|Z HAaksl 3
Al 0 7 AT

2-2. K[EpaE Q1

HCOE A0l 4] flake @A) TAQ BAE QE(105+5 C)ollA]
12471 074 Bkl AlBlAlZ] O n, CAOE 9AFQ] B2 g
SF 2 E = ARSI o] g Al 0] E 9] HCOSt CAOE A,
A9k 27 IS 143510 HA) Al F=skdck 7 A2 e

AJ3] Argahd, A 7-2] Hlo]AG LeflA] AAsISEt) S Al|
7k Wabe| whE T 2lo) & FH 43R $1519] polypropylene
o 747 gl o, okl S Tl s A A ellA
A Al L] B-7E WA e flste] g Al flel &8 &
Sk TR o2 Sl Aihs: A AlHo| FEs] B F S

)‘\l_
2] £7]0] o=t ko] CAOE AF-olA A3l v HCO=
Ao A Ao 2 MEE = FAIE 105 T 28 oA 6AI3F
gl 15217 AR skt 2 HA Alsfo] ekds] 37

L AT flske] ZHA| ARG Fektel] Yol A7)l 1%
HZZ 15%7F 550 mmHgZ #2359 TH29]. CAO %! HCO2] #]
ol Foke] = 747} w90 TE A8t 7t
719 e FUs 20w ARt & apH o g Hy)
AFS o] g-ake] 15571 4 keflem?© &2 71gkste] Ag]atqit). zk
2o ofel FQlo] ehnd HA) Al e EASHE CAO
4 HCO= o] NEEREE 7PEA 48 AAIeH, 74 Al
HE 547 71A% T, 70 T Q804 4873 Axst] T3S =
3Tt A WA T (uptakey> #H 2 HAl] AJHS] S oin] A

oo Jor

Korean Chemical Engineering Research 64(2) (2026) 105159

27} 5% CAO- B HCO-A 2] A A8 T3] ME-E= 7
2kstod G813t

2-3. 8

A4 AlE Y2 0% HCO B CA02] WEEA 715 95t
T 54 AEE Zepagel 9, 54 AlHo] e de
= teflon & 9ol TFFE F4th o] ZRAESE U Jdde
018511 35 ppt(part per thousand)®] BE(35 gL)= TAIG G55
T8 F2 27 EE AFEA 28R Tl A &
Alekoict. S2o] kR Al e] XA B3l A 5
2 53] o]ike] W= AlF o2 A AT o] FA AFE Al
2 5UZE A el 71738k 3, 70 T S ollA 484171

Z5t0] S-S 43k AlHelA 8 E= HCO =& CAO
A FA AEF FEAT EA AL T zlo| 2 et
o, Bl Aol 91 HCO 4! CA0S] ol tgh g2 k<]
B8 7 22 (leachability) S AXFEISITT.

30 Ul
o e o

_ﬁ
ot

]

|

o}

>~

r
O o ol mx

2 lo A
o2
rlo
N

=
4 |o

H

d

2-4. X|5QFYN =L

EA| Al e] A e o] st X HskE S43817] $lste] 70 T
LEOf|A] 484171 o] 73 Thest 3Ade] Al S wlAlFlolE U]
of|A] T3] Wkl e, o] Al Ao], yu|, T, AH S &
gkt tha 02 22004 A&t W I FUsHA HCO ¥
CAOE Al 08t 3 5% 7171 9l 70 'C 220f|A] 48A171of]
Ax 7Az3Qle). o] Al X 5748 F3Fe] HCO 2 CAO
ol up2 X4 WskE AT T 2 23004 Adrg ot v o}
o] Agrof 23 T 473 FA| S AlH A iste] W A1, 5Y
2714 g8 SRR 07 70 T QB4 48417 Bk AR &
Zo), vnl], T4, A7 AS5AsIet o] FHAE ]88t H-9]
ztol & W& = AAbato] 73] % f-E(total volumetric swelling,
o8l TVS)yE F-381931.0.H, o] & E38ted HCO W CAO A&l 2|gt
B AJH 2] 29k Ad S v w i)

2-5. E3=

=l thet HCO % CAO A 2)7} el A= 9= AR
A3te] 2204 A&t vkel Zo] W strip(150 mm x 50 mm x
10 mm, L x W x T)ell HCO %! CAOE A2} th the-0.& 5] 2
T et Al HE YR S0 ARk, 597718 %, 70 C
Q2of A 48413t E2t AxE3H. o] Al el A7 E ASTM D
4761-191 2} Universal Testing Machine(Zwick/Rowell, Germany)
£ o838 10 mymin®] £E= al5-& 7IPHA S7sIiTH30].

2-6. S| AHEFES| HE

LA AT AZ-S 93510] JAC, RDP, CYP 9%-23- 100~110 mm
x 100~110 mm x 2,400 mm X|<=2] thH A2 A S £, 50~55 T
ZAE AFAZT)S o] 88lo] 25% W)Y Hit e T A
25 Agsielt. Az oA B 5 e AT EH, &
)& WAIE] ke tElrke 1 E o] 48te] 4SSkt
olgA FEnlE UiAlE Al B2 ool Ul ARERE AL Qe
polypropylene 2~3 53 (Fig. 1(a))2} 5L 4ol (1505 mm)= A
el & AF7HE71E ol8ste] 217 100 gol 2 2 7Haskgln
thro R 534N E o 88to] 474 25 mme] 22945 7hedt



Moon, Y. et al.

c)

Korean Chemical Engineering Research 64(2) (2026) 105159

=

d)

Fig. 1. Images of marine buoy made with a) polypropylene, b) Japanese cedar, c) radiata pine and d) Japanese cypress.
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g. 2. Effects of castor oil (CAO) and hydrogenated castor oil (HCO) on the (a) uptake and (b) leachability of wood strips (JAC: Japanese

cedar; RDP: radiata pine; CYP: Japanese cypress) treated with CAO and HCO. Different capital letters over columns indicate signif-

icant difference at p=0.05 (least significance difference test).
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Fig. 3. Effect of the treating method (Imm-6h: immersion for 6h;
Imm-15h: immersion for 15h; Vac: vacuum; Vac-Pres: vac-
uum and then pressure) on the uptake of hydrogenated cas-
tor oil (HCO) and castor oil (CAO) into the a) Japanese
cedar, b) radiata pine and c) Japanese cypress strips with a
dimension of 150 mm (L) x 50 mm (W) x 10 mm (T). Dif-
ferent capital letters over columns indicate significant dif-
ference at p = 0.05 (least significance difference test).

w2 D AR F2E2] Hzho® Ahike] Huhd f-50] AlghE o
vepd Axte} B74sich[34-37]. CYPL] A9, AHAke] 58 o
IS

Foh= 7HEe] 2 7o) RDPRUE 4] 0 & Hof FFAJo] kA4
ghof| ma} Tl o] AH Ao ki3S

Fig. 2(a)= %9 HCO% CAO9Y %S vl w3t A7 24
RDP(p=0.11)8} CYP(p=0.13)elA] F4ZFE] ztol= Aot
JAC(p<0.01)°14= HCO F] o] CAOK T} Bt} o]+ HCO
7} Lo A ABfeR= BAR T2ollA AElshs Tl UE
7} 7P w2 JAC AlEH ] H8- J =7} RDP BB CYPEE]- o}
vehet Ay} g wt}[31-33]. 3HH, HCO®} CAO T3-S A2
ol whe} Bl wdt Aus B, 55 9 Aikake] F5-9) Adglo]
o= A, 7, 7‘7}01@ &0 2 Z71ak9l th(Fig. 3). W
W HCOE #8] 3t JAC(p=0.06)$} RDP(p=0.13)°l14] 7Heb 3} 7+

71 AElgk Al A ZFol7t GISlET] o= st AEuto R E
HCO7} F323] JA) W2 FAFsrh= 218 ojnlgict. wheba] et
A2 $F HCOS] F=qkell tist HA] 2712 Jaks glshy] 2lst
10 mmellA] 30 mmZE F7FAIZ] A& HCO 6413t

o FAE
0 Imm-6h O Imm-15Sh mVac
60
A
- A A
S 40
2 B B
=20 t
B
B
C B
0 1 1
JAC RDP CYP

Type of wood species

Fig. 4. Effect of the treating method (Imm-6h: imersion for 6h;
Imm-15h: immersion for 15h; Vac: vacuum) on the uptake
of hydrogenated castor oil (HCO) into the Japanese cedar
(JACQ), radiata pine (RDP) and Japanese cypress (CYP) strips
with a dimension of 150 mm (L) X 50 mm (W) x 30 mm (T).
Different capital letters over columns indicate significant
difference at p = 0.05 (least significance difference test).
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Fig. 5. Effect of the treating method (Imm-6h: immersion for 6h;
Imm-15h: immersion for 15h; Vac: vacuum; Vac-Pres: vac-
uum and then pressure) on the leachability of hydrogenated
castor oil (HCO) and castor oil (CAO) into the a) Japanese
cedar, b) radiata pine and c) Japanese cypress strips with a
dimension of 150 mm (L) x 50 mm (W) x 10 mm (T). The
strips were submerged in the saline water for 2 weeks. Dif-
ferent capital letters over columns indicate significant dif-
ference at p = 0.05 (least significance difference test).
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o7 Ao Aupake] F29l 0 7 X)4= W3} A Qi Ao R
A7y SFCHJAC & RDP: p=0.28; JAC & CYP: p=0.06; RDP & CYP:
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Fig. 6. Effect of the treating method (Imm-15h: immersion for 15h;
Vac: vacuum; Vac-Pres: vacuum and then pressure) on the total
volumetric swelling (TVS) of a) Japanese cedar, b) radiata
pine and c) Japanese cypress strips with a dimension of 150 mm
(L) x 50 mm (W) x 10 mm (T) after treating with hydroge-
nated castor oil (HCO) and castor oil (CAO). Different cap-
ital letters over columns indicate significant difference at
p = 0.05 (least significance difference test).

(Fig. 6). =8t F A 1o} 7He) 4= 717k A 2] gk RDPS} CYP Al
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CYPS] TVS-2i= 217} 0.93%2} 1.55%(p=0.09), 0.31%2} 2.29%(p<0.01),
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dollA 7118t Axolrt.,
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Fig. 7. Effect of the treating method (Imm-15h: immersion for 15h; Vac:
vacuum; Vac-Pres: vacuum and then pressure) on the total
volumetric swelling (TVS) of hydrogenated castor oil (HCO)-,
castor oil (CAO)-treated and untreated (Con) a) Japanese cedar,
b) radiata pine and c) Japanese cypress strips with a dimension
of 150 mm (L) x 50 mm (W) x 10 mm (T). The strips were
submerged in the saline water for 2 weeks. Different capital
letters over columns indicate significant difference at p =0.05
(least significance difference test).

RDP$} HCOE A& CYPOIA ek 2|7} 15413F 4] A 2w
oF sigkon, 71 glefi= APyl w2 2lel7F ISk Fig. 7). ©1=
TFo T HCO B! CAO ¢ =l Al 7F vk 21 <jv]
&1, 53] RDP 2 CYPR.L} W7} Y2 JACE HCO 2 CAO7}
A EB7LA] F08] AFste] TVS-27F A o] J3s WA ok
Aoz Azbent o, AAake A ElshA] ot Al
TVS-25 AWk 2] A3} vl skels wf, HCO- 9! CAO-+%]
JACS} CYP Z12]31 HCO-+% RDP A] o4 ;}74] =7 = o]
HCO % CAO A 2|7} H= 3ol 54 Y= 29 75 9

Astel A= QP stel] 7]ofdtrhs S SRl %iiﬁ}.

T8 A 9] o] Apet Zh A2l &gkl HCO i
CAOT FUZ A2 o o] F- A9] 2ol & As Aos &

e, HCOE A o= A2|st Also] =535t
£ 50}0% deff Az Hd9 Ao w e 25 ¢k
M 7P Ak Ao s ke



Moon, Y. et al.

3-4. EZ=

A2 JAC, RDP, CYPS] ¥7} %+ 50.74 MPa, 53,07 MPa,
76.13 MPaZ CYP, RDP, JAC 0191 o™, 7 ZAX & 712 A+
Axtel & 2o) 7} QAATH45-47]. BT S AR A EES &
Fof 2577 AAF 015 AW o B ﬁéa %6}0% +H]¥ JAC,
RDP, CYP(3Hr5&: 11% W 2))e] 874 Pa, 52.10 MPa,
76.11 MPa 7123190 o1}, A4 %‘? ﬁ?ﬂ %‘%E ZFo)= f2
SHA] gkttt v A2 dglo] HCO 2 CAOE A 2|3t o]
é?ﬁl A48k JAC(p<0.01), RDP(p=0.43), CYP(p<0.01) A] 3 2]
745 77} 62.48 MPa} 51.84 MPa, 70.05 MPa¥} 66.61 MPa,

MPa¥} 72.80 MPa% HCOE 3 JACS} CYP7} CAOE
%‘%Jfﬁ AlA R =94t} o] 9} B =& e A4 1A

T -

3he HCOS il thh 352 82 Aol 9&& ks Ao

jf, uL —(01'

O:

il

]S
=

OSubmerged Con. O@Imm-15h @Vac mVac-Pres
140

=
=3

120

100

80

-~ ]

60 C

Bending strength (Mpa)

o
~

140
120
100

80 A

AB AB

Bending strength (Mpa)

40 |_l_

140

i
N’

120

T A
%
A
100 AB
BC N
so f € i
l T
60 |
40 L

HCO CAO
Type of fatty acid

i

—
H

Bending strength (Mpa)

Fig. 8. Effect of the treating method (Imm-15h: immersion for 15h;
Vac: vacuum; Vac-Pres: vacuum and then pressure) on the
bending strength of untreated (Submerged Con.), hydroge-
nated castor oil (HCO)- and castor oil (CAO)-treated a) Japanese
cedar, b) radiata pine and c) Japanese cypress strips with a
dimension of 150 mm (L) x 50 mm (W) x 10 mm (T). The strips
were submerged in the saline water for 2 weeks. Different
capital letters over columns indicate significant difference at
p = 0.05 (least significance difference test).
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Fig. 9. Effect of the size and shape of wooden material on the uptake of hydrogenated castor oil (HCO), which were treated using a vacuum

method for 15 minute, into wood specimens.

OVacuum B Immersion
a) 80
S 60 | A
) A
S 40 i
g A B
Q
i 20 A
B
0 1 1
JAC RDP CYP
Type of wood species
b) 12 r
SEEN B
‘“E.
6t
<
E B
g i A
0 1 1
JAC RDP CYP

Type of wood species

Fig. 10. The a) uptake of hydrogenated castor oil (HCO) penetrated
into wooden marine buoys, which were made with Japanese
cedar (JAC), radiata pine (RDP) and Japanese cypress (CYP),
using a vacuum for 15 min or immersion for 15h treatment,
and b) leachability of the HCO-treated wooden marine buoy
submerged in saline water for 4 weeks. Different capital let-
ters over columns indicate significant difference at p =0.05
(least significance difference test).
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Fig. 11. Total volumetric swelling (TVS) of hydrogenated castor oil-
treated wooden marine buoys, which were made with Japa-
nese cedar (JAC), radiata pine (RDP) and Japanese cypress
(CYP), using a vacuum or immersion treatment a) after treating
and b) leaching in saline water for 4 weeks. Different capital
letters over columns indicate significant difference at p=0.05
(least significance difference test).
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Fig. 12. Performance test report of wooden marine buoy for acquiring the certification of environmental-friendly buoys designated by the Min-
istry of Oceans and Fisheries of the Republic of Korea.
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Fig. 13. Images of a) testing equipment and b) wooden marine buoys used for determining impact resistance, c) testing results of wooden marine
buoy processed in the c) longitudinal and d) horizontal directions.
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