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2 o BAFHS flof X Aol tigt Iile] 71 FolH, HAMRol 71548 WedAE ARGSto] Anf
E Eis=E AEstalAt sk A7t Hol| WHEHI itk 2 d4ks vREE AR9] ®HO 3k 713 S
CVD, chemical vapor deposition)2& AULE5SE(CNT, Carbon nanotube)E A7 = AR W F
Z3lo] dfgt Wf-golct. HEEE i FH| CNT 442 {8 33HS &9 Co-CuA & SHE AR5kl
HIEE Afo] Ango] 3785 Fof SHE vREE AR 5§ 948 2= 2, A5 EHY F3gol w2t
B R H O] GRS AL fAUREIT A o]l AiE FaAAR Z(TEM, Transmission
Electron Microscope), FAFIAFET])Z(SEM Scanning Electron Microscope) 22 2150} EtALL-FH 9]
P A7 #skE TStk A E REE tE2A ofo] A23 CNT/HHE A4 2 E3 ofYlA| o ZAIE
7| mR ARBote] B ES] I EE ASTM D3039 w40 whet vl Hrlskloh YA o= CNT7
PYEE 2= 600°CHE I oM, 400°C A7 2A4FE &AL LHCNF, Carbon nanofiber)7} A|x3
< RIS HHEE AR9] BHo| EA5t= Ale] A= CNT A4S Wolishe= AT

—~~
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Abstract: There is a growing interest in eco-friendly materials to achieve carbon neutrality, and many studies
have been published on the use of functional nanoparticles in natural fibers as smart composites. This study is
about the optimization of manufacturing parameters for carbon nanotube (CNT) growth by chemical vapor
deposition (CVD) on the surface of basalt fiber. Co-Cu-based metal catalysts were prepared by co-precipitation
method for CNT growth on the surface of basalt fiber. The catalyst was fixed to basalt fibers through a spray
process. The effect of heat treatment temperature conditions and fiber surface conditions on the growth of CNT
was evaluated. The growth of CNT was investigated using transmission electron microscopy (TEM) and scan-
ning electron microscopy (SEM) to observe changes in their shape and diameter. The tensile strength of the com-
posites using CNT/basalt fiber fabrics and amine-based epoxy as the base material prepared at different heat
treatment temperatures was compared and evaluated according to ASTM D3039. We have observed that stable
CNT are manufactured at temperatures above 600°C, while carbon nanofibers (CNF) are fabricated at tempera-
tures above 400°C. The sizing material present on the surface of the basalt fiber was a hindrance to CNT growth.

Keywords: Carbon nanotube, Carbon nanofiber, Measuring parameters, Fiber-reinforced composite,
Co-immersion method
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YL JAE o] &st= A4 B EoFe H¢-
Y27 7 AL Q= 71578, 53] A71Axd 9 &
4 59 715= A4S B A= AH-E&A7]= Aol o
HAo|tH7.8]. 715 EH ¥ 71548 A¥S A7 &
A= Y ARE o]-&sto] Rojst= FEY A7}
ARFAo|TH9]. &3] U YAE ol-&sto] 733t 53
Ao ARGE 9 S AGFEE =ol= &L= o]&
H71= SeH10]. EFAES] AUPEE =07 At B
2 "' = mechanical interlocking®] =& =o]|7] ¢35t
o2 YQJAE ol&sks A7 gom, ojd H¢-
Sl U9 Rele] BANIE ZiAlE YA L B
4 B9 graphenes9] AR} &-go] I QITH11-13].

YL JAE A5 EH FAHAI7I7] sl A7185 5
ZHH CVD (Chemical Vapor Diposition)?} -2 HI'H-&
°o]-&5tA L silane 715715 Ui YAtol|l BHAIA HHX
ol thgt A7 L HE QloH14-16]. 7P FA= A
SHIE AREE ARE U AR 4k o) 92F
SEAY Y QA7 AR 89S Axgo] Igsh= v
H 5ol o]&=tH17,18]. 7HF @ol dA+E Al U
AE A 2ol ZPAI7]= ol A|gh, o= CVD

P}

2]
A7 HRED Q= FoltH19]. CVD 71|
$ Z0jg olgsiol Urnel AUE 21T +
glom, AL AslolH Lheelat T FEot] 919
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2 AREETH20,21].

T 91 S8 AT 2ok= HALAE o]-8sto] A

= 7IAAR ol&st= A4 EFAE Fokolth22,
23]. 71X A o] thet A ALA 82 biobased 7|HH] A
25 o 83jo] o|BA|e] F2E WA BEARE o8
Sh= 794 isosorbide®t 2> HALA 7|9H] SRS
EAAA He7s} BEA R S8t ATt g
Hole2426]. 3] A% AAHEE o5t Ho]
Q48745 AR, green composites, biocomposite2} 7+
< o|FOo R Ef= &4 /o] tEA o]tk SEAIFE bio-
based 7| A =2] ¢ 7|9 A= vl L7t Z2
Holw, o]F A5ty gt F714Q1 A7t ol /3%t
Aggolti(27-29]. AR ol BHE HAHR AL A
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2 Ao HeYAE ol8sty 754 BHEE A
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9] A% 700°C 2704 g& o] HE= AoZ deFH o,
Co-Cu & W& FHOZ A Xty o & A
NHE BAA YefFE7F P4 A4S AT
A8 %o W} CNT (Carbon Nanotube)S dF A
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5 % AXRAIZ] § 300°C 1A|ZE ofjH] A2 dAS
7HA =), dA2] ¥4 350°C, 400°C, 450°C, 600°Co] wat
T2 A7]2] 3087 @AY HZ 7HETE A ONT
9] FAS TESH| Y3 TEM (Transmission Electron
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Figure 1. Catalysts and promoters used to grow CNT.
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Figure 2. Morphology of basalt fibers as a function of thermal
treatment temperature: (a) neat basalt fibers; (b) basalt fibers
thermal treated at 350°C; (c) 400°C; (d) 450°C; (e) 600°C.
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Figure 3. FE-SEM of CNT on basalt fibers as a function of
thermal treatment temperature: (a) catalyst-coated basalt fibers;
(b) basalt fibers thermal treated at 400°C; (c) 450°C; (d)
600°C.
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gRI5tA L, CNT] 2J8lo] 5 nm $F0 = UHH ghi+
25 o] U2 RISttt T3 CNTS] Zole}t J4
o] 600°C Aol sl FAstA F71EZ FE-SEMO &
RIst3%, TEMO] Aol A 600°C EA 2] 27 9l5]
Z29] "rgkgdol A= ol S48 ol 4%
I ML 7IA= CNTZF SEEe BEat9ch

Fig. 5= FE-SEM¥} TEME 53 ¥A8] 2% 270 o
£ ONTY] A4S gt Aolrt. FAje] 2o ozt &
739 ®skt 3A UErg o, 400°C o R -E= CNT7t
HEEE A§ 9o 345E 232 ST 4= A9, A
2L YutH 02 42 nmFolrt. A ] 27} Lol
w2k ONT g4 24 WgFdo] #5531l CNT 9JHo]
2o w2 27 A7 HEE U 5] 600°C ©]
AFRE= 20 nmg CNT7F 345 =0 @49 270 o=t
AeH o7 CNTY 122 R4S AT £ AUSS &<
Bl

Fig. 62 G2 %0 uja} CNT A% Jx2o] Afo]7}
E3 R vXE FFS Rl Hd Bkt Ha7dst
RS AT vl Aot} =4 HHEE 4|3
ES ol&oto] BEAARE AXT B9 ZAIke} 2ol 400

Journal of Adhesion and Interface Vol.25, No.3 2024

Figure 4. TEM of CNT on basalt fibers as a function of
thermal treatment temperature: (a) basalt fibers thermal treated
at 400°C; (b) 450°C; and (c) 600°C.
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Figure 5. Diameter of CNT with the thermal treated temperature.
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Figure 6. Tensile strength of CNT grown basalt fiber reinforced
epoxy composites with the thermal treated temperature.
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Figure 7. FE-SEM of CNT on basalt fibers as a thermal
treatment at 600°C: (a), (c) CNT grown basalt fibers without
silane; (b), (d) with silane.
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