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Effect of Boron Nitride on Mechanical Properties, Thermal and Electrical
Conductivities of Carbon Fiber Reinforced Plastics

Hyunkee Hong***, Kwak Jin Bae*, Jaesang Yu*'

ABSTRACT: In this paper, hexagonal boron nitride (h-BN) particles were added between the sheets of prepreg, and
the effect of on many properties of BN-embedded carbon fiber reinforced plastics was investigated. The amount of BN
particles which corresponds with 0 to 15 wt% of total resin weight was used as an additive material. The tensile
strength and the inter-laminar shear strength of BN-embedded CFRP samples were improved by maximally 13.6%,
and 6.7%, respectively. The tendency changes of thermal, electrical conductivities and the morphology of cross-section
of CFRPs were also observed. This study suggests the possibility of controlling the characteristics of carbon fiber-BN-
epoxy composites to use for aerospace applications.
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Hot press molding
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Fol A5}, 97T Ao A o) 2ol & me a1
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gL A% TS i, 10] 742k ERE o] glov]
et ek 2|2 08 2/ Aol &5t 719} layer
55 Aujsto] Aeuao] mE 2ES A3}, w2y
1 AEF Aolo] Ze|Ze| 1] ]9 A9 1, 3, 5, 10,
15 wt% 2] BN(DENKA, XGP grade, 5-100 um, hexagonal
BN) 19512 A Aol <] Bz A4 Ale] (= 27]: 100
pm) 22 TIF kst ATh(Fig. 1). o7 vh= BNo| 3
7he ASd L2z 08 5<% S50 Yil Hot press 7]
710 ol 1 MPao] ¢Je] st ABlAS At £
I 98} IS Fig. 29F k. Fs)= 80°C7HA] 523k
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BN-filled CFRP (BCP)

Fig. 1. A schematic illustration of CFRP manufacture process
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Fig. 2. Temperature and pressure conditions during hot-press
molding

b CFRPE € 5%‘211 *4650] QPEEJ CFRP AL 9]
S A5 ?jj —% 37]12 Z=IcH(SJA-T500, HyperJet 94i-

I 2 6,480 bar). & 9 A7 M=% Al
qu CFRP AHE tA3 3| 7}

719k Slutx) & o) § 8}04 %35 clute|gich. BNo| H7he
CFRP A] ﬁﬁ_% BCP#& W x]Qlr}. #& BN Zekn] A7}k
(Wt%)©o.2 0, 1, 3, 5, 10, 159] S 2=t}

224 M

AN et AT S s A Z A E 7] (Instron
5985, Universal testing machine)o]] ASTM D3039 7o u}
ot A5 AWz Ao 22 (Inter-laminar shear
strength) ] 5742 W54 2 A ¥ 7] (Instron 5580)F ©]-8-5}
o] ASTM D2344 1A of uwhe} 234 =gt} BN Z o] BAb
o 4T AT JEAOR AL F 1 g st Al
73 (Keyence, VHX-900F)& o|-&35}o] sl dAEE
+= Laser flash apparatus(NETZSCH LFA 467 HT
HyperFlash®)Z o]-8-3}0] v & &4] =44 <l Laser Flash
Analysis 410 2 & Qict. =4 A] ASTM E1461 4
o upgton], of2 3 7|4 Stoll A nsh MM 2 AE 27]9)
80%2 A% WOIR Astol Wit oo Qs
=& % Aottt S E it e}, v] 2] Hot-disk 7] 7]
2 243 v Qg ofdfst 2 4 (1)L olg3ke] AR
=

=20 o&2

WA 3re v H &2 A5 WA =7 7] (Automatic sheet
resistance measurement system, ARMS-600)5 o]-8-5}o] Z+
Al o] HAF-S =43}t 5 cm x 5 cm 7] 2] A H |
M 1em oj4ke] 102 gk vl o 24 1074e] X -l Al A
G 2ottt o9l 29E A% e 4 0= ¥

G A7) HEE R WEE A

1 1
=== 2
O P, Roxt @

o= %_“P?%‘: AR, p=
T o iz AE O] FAjolt.

SAYG AN AEEE QuEA-RHAE LTS o

H| #| 3} (Resistivity), R = HA]

shol 24 H A7 AL vh O 2 ALE o] ol &
Zhgl o0, 2k Al okek 104 o] 2] Sl 174G
2 25tk A/ AEEE 4 (3)2 Bkl Akl

%= %A (3)

[ CFRP

3.1 7148 24 st

71 BNo| 7|44 £l ol S F=

7] $18te] BNo| g & 5017k CERP A|H9| <l
oF BAAIFE S48, ol £ Fig. 39 HLEM%DP BN

o] 5017k ¢8> A|H(BCPO) 1340 MPad| QIG7 =5 &
9t} BCPLE 1353 MPa9] Z+S Holn lx7wo] 7o) ¥
317} glgich. BCP10, BCP15 9] Zkzh 1390, 1379 MPao] gt
S Ho|u BCPO thH] 3% o] A5E-g Wol=d| 13
ch. 31]5F BCP3S 9.3%, BCP5:= 13.6%YHL0] AFSES |
olm z}7k 125, 182 MPa®] AF5Z-S OﬂD} Aol A
8% BNo| 7}¢l CFRP AM%% Y7 stete] B
o] A] gkt CFRPO] B4 @249 E4¢] EHl&
& AA8H=t, BNo] 15 Wt%WW Eolttthal s ghad

o] B0l FFFE FA ehsth= 2 ovfzict. oyt BCP10
7} BCP159] <1477} BCPsH T} aletshs Z1e H7he
BN Z2{7} CFRP Wf 7]5-9] T4 4 8}5 #ARS f2517)
uf ol ot

W ko] BNo| 7= BN Hej57]2] g3 d ol &
oluf7] Wil =22 355 Wafste] P AbolE £

ghad f ohdholl =27k 3 2] 2617] iz ol Al
“l FZto] ARtk EGE se|axd s 4279 oFo] Ut
A A 7] wizol Bef ] ol wokAd skl of
gk =21 9] Hjgo] ol 7] wjo] =29 FHEE Hof
At o] FA FhE oA 7] 32 A E B ol A 2 €]
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Fig. 3. (a) Tensile strength of BCPs, and (b) Young’s modulus of
BCPs
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a BNO| ggo] 5 wit o]aled -$oll= BN a7} o
A2 2 FAkE ] 7]Ee] 719 §i7] miiEel BCP| =
o] BN E3lx|g 9] &A1} CFRPL] E4& 313 Aut=
o Holg & 7H A= AL = Hlnt EL_ =& ol A BN}
o EAIVEO 2 o] 2ol Batalw o] QA FEst ek 20-
50 MPa A &= & ZA}E|11[21,22], BN H2j7} T2 2 wjd
#3850 vso] BCP AlHe] BNE et fo] 2
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Fig. 4. Inter-laminar shear strength curve of BCPs

7} AR QI T AIG=S] gk EIE Fig. 3(b)oll FA|E S
t}. BCPOL 425 GPa?] 4+ 7}x]# BCP1, 3, 52] EFAI A=
7o 7¥7} 423, 434, 423 GPa& BN FFo] 5 wt% o] U] o)| 4]
7o) tﬂgm 21gith. BN ko] 10 wt%<! w 459 GPa, 8.3%
O] AF5EE Hol = A5l e BN o] 15 wtd%
7} =] 444 GPaZ BCP10H Th= 22 718 7EA T 2.3]8
BCP1, 3, 55} BCP10%} BCP150||4] =& EF A2 714
=0, ol $Al Aadt sl f-oll FA] B Rl BN-

of FA] HetA = Ol 4o FAHA7| WE o= o4 E
U 2] BCP AJsH | A= A B3t S A5 7HAH
Ao g e oA s AS gholl BNo| &
FVFE TA Eohe Aoz wEE

BNO| Y717t Mt weke] 54400 o' JaF& =41 &
olR 7| 9I5te] AH7F A3 (Inter-laminar shear strength,
ILSS)2 =251 th(Fig. 4). BNo| 3 wt% 3553 W] BN
o] gl= Al 9] dlog ZkSl 38.9 MPaoj|A] 41.5 MPaZ ©F
6.7%7} /s teh 21 o] % 71 BN ¢fo] Sojgd o5&
BCP5%= 37.6 MPa, BCP10-2 37.1 MPa, BCP15+= 31.3 MPa
7THA] 2 AekgEo] FASH HolA= A& &
UTH Aek-go] 3 wtkol| A 2% Jsdhe A 4F 4t
ol ez L - Abolof] Soi7t BNo| =2 & Ho
= 7 A TEA7] ol g R S Abolofl £=X]7F
WolA L g frHh A7F g gl o] 7] wiwof A
ol Al HEl= o] AX= Aoz Helrh thA] He-3-9
ol ol A= A oA AP e AA " BN Zejrt @
oA R o] dojubA 2358 =29 Z5S W8
shaL, 715 wol vhE7] wiEolat o dHct

=y

J

I'&

AAEEE Fig. 591 2ok W AHEEE BN
o] H7}E|A] QIR w) 111 W/m-Kol|A] BNo| 1 wtdit &
7 e 98.9 W/m K& 11.5%7} A4 Hth BNo| 3 wt%,
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Fig. 5. (a) In-plane thermal conductivity of BCPs, (b) Through-
plane thermal conductivity of BCPs

5wt% Sol7}A| w22k 56, 60 W/m-K& BCP02] 50% 4=

© 2 Hojx]7] =1, BCP10 34%(38 W/mK), BCP15=
42%(47 W/m-K) 4220 2 Fojx] 7| =] ch(Fig. 5(a)). F7
uleF A== BCP1GF oF 2.4 W/m-KE BNo| 395
oS Al H|Ete oF 20% FAE A5 HolH, o] %
WeF dAEEe] Hat v|SshA BNO| Qo] ZrhskesE

e

Zashs mag Belth(Fig. 5(0)). ol © B-& BNo| ¢
GE5% me)ma 0 33 F Aol A wotH|7]
o) Bt & ol oA A-8F BNS A 25 4A 3
L, Y] AR 100 WinK ool 5
Aupape] AAEEL 3 WimK 45o] Safsiet. o]y of
Ule} BNo| ool Bt 5wl el 1 35 Afolo]
N7 A ek 2 EF AN HL, 247 SRR}

0.5 W/mK o|ste] Gt ghe 7hA]7] mize] dofld#]

7} 28] Mol EA] ¢k Aol AA|Z BCP A|HO| F

F77F BN H7teko] gorde5 SVt A 08 Hof e

= 3 Boll FA7F @ol So7HAY 7150] Wolxl
o2 & 5 3tk
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Fig. 6. (a) In-plane electrical resistivity of BCPs, (b) Electrical con-
ductivity of BCPs

E A7 A =% Fig. 69 Lef 2} 2ok Wekgk)
TAMEE A7) AEE 2T BNO| Hrleo] S48 7t
A8hs A Belth BCP0o| Maf M7 M EE 3230
S/m2] 7F2 717 t}(Fig. 6(a)). BCP12] Wl A 7| A& %
L 3050 S/m= BCPOo|| H|3}o 5.33% &}2tof E3}g) oL}
BCP3FE = 543] fhashe &= Helrth BCP3, 5, 10,
159] AHuleF A7 A= e 7k} 1870, 2210, 1470, 1510 S/m
2 BNS H7Fdes 2 54% daskitt. & ARollA A
931 h-BNS 10" Q-cm ©]AFe] A& 7}x)a Qlch. o] o
of BN2] ofo] woldaZ gy Aoz WAd} 7HE =7}
sho] A7) AEE ZHe 7hast= AL Holth BNo| 2}
2 3H= v Lo Ao A7 AEE gho] A= 0] Hal=
ol 9= ol BNO] 2 A RATE o] 914 7]
ol A H9l= EEE AR} 2|7} o] | A Ak AH-
T AL ZL HI SR AL BELS AR H A A ol
8k 4= Q= B27) FAEY] wjo|c)h EF 7)o 24 ®
P 29 o7t 2 = Sl

SO
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oAl A3t BN 7] AeE Wafists A4 77
WeF A7) = o] Halo| A B S18sHA Eefdti(Fig. 6(b)).
BNo| H7}E]|%] ¢F2 CFRP A|HL2 0.93 S/me] ==& &
At A7|AEE 32 BN L7t So|445 7|otg<3]
o7 o= kS Btk B3 1 wt%yt 7t et=
50%9] sheta 7HAH 2™, 10%7F H7He FAEF A7
T7} 0.073 S/m7} E]o] 92%2] 312RS- Holtt. BCP15= BN
o] A7V R ¢ke AJH Q] 5% 4220 A7) HEE, 0.047 S/m

Wl EAEe] MY HEE WEkE vl n

=

Ir
o
Z,
o
o
o
=
2
Ao
lo
f
s
4
s
i)
£ o ) x
o O x> B AU o of o n

o

of B FHUU= FEHE 3
FHYFoR AV TR #ANTEG E
7] wiEoltt. ERE b BN gejs Ze|Zen 5

olofgk ghelo] =], &M T BV A b

ol2 So|7HA] ¢7] wiel e A7) g Wl

A 7] wigoll 7 7HA ®rEel A7 EEe] Met =

A e vee Aot

e

sto] ot dn|4& ol-§ste] BCP ©Hg ¥
(Fig. 7). ¥23t BCPO] ©H-& H BCPOO| WA=

2 Ao A & 4= 9l BNO g ol Ty
7ko] Eo] # o]z 9FA|uk, BCP31} BCP150] A= g
L S22l Woldl A& & 4= Ak Fetdn A
ARRlE Fsto] 3t 7152 AJAE2 BCPOO A 0.02%%
1 F7bE BN 9 ofo] S48 0.53%714] Z7}5}
St} (Table 1).

Table 104 = &= 5% S0 A14E&-2 BN L7}
Eold5 HAF g4k BCP0Y| H-RA14e2 oF 68%
o]al BCP159|| A= 64%71%] 7FA3tc}. oA A-9-0] |4
&0 HasAAN A7
FEFEE A et A4S € 5 Atk

& ATl A BNS H7keh WAl Ze|zea 9l e
sk WAo]7] wiof el o] v i i gk
© & BNo| HFsl7]= of et 1 w2l 'hadlw ohd-
BN Z¥] - o s whEshA AL, Fg. 73t
o] thA| = BNo| Aol F Y3t Fej = wfj A et dut
191 RTM 370l A 2] o]l BN 25 4 A Aol 5
aHe Wa)S AR 229 v el o 7irke Ao
AR w2 Ao Tk v o] BN 4
o] e, e R 4= Qo) B44E FAE

S 9 7M5A e AT

2

ffl
of
(]
ol
N
X,
)
ikl
o,
2,
fr
riu

>

o 4

Table 1. Calculated volume fractions of carbon fiber, resin, BN

fillers, and void in BCPs

Fiber V; Resin V; BN V; Void V;

(%) (%) (%) (%)
BCPO 68.06 31.92 0 0.02
BCP1 67.73 31.76 0.32 0.19
BCP3 67.16 31.50 0.97 0.37
BCP5 66.65 31.26 1.65 0.45
BCP10 65.42 30.68 3.41 0.49
BCP15 64.10 30.06 5.31 0.53
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L] I 15 0]83 CFRP ZA o BNS
=X FALS FUIgho2a CFRPY] 7| A1A Z=et o
2 7] A=z BNo| oji JgFg u]x=Ag 2AleHa
Tk BN Z2|7} =21 9] 5 wt% H7FeH Q=7 BNo| 3
7HE| A o2 Aol H]to] 20% FFAFE R1AL, BNO 10 wt%
Z71E AJHL BCPo9)| v]3]| EFAIS7) 9% SR E AL B
4= Atk o] 9] &f o] B of| A= A = e} g Al ol
W3} gl Aol SIE ik BN Z2)7F 3 wt% g7}
WA A g¥o] 7% FAE I At gL o) F
H7leFo| wolA 42 7HAslo] BN152] Atk 282 BCPO
ol thste] 2o 80% 0.2 Sletshz Ao] HE . W
B AR E RS} FANF DA EE LS, BCPI A F
FAAEET7F20% Z715F S A Qs AAH oz
At AS Btk A7 AEES] AL, BNS Hi- x|
17] wi<zoll BN 287} @o] Sold5 Wiek dAr7jde
= F 54%7F gaskich FANE A7 EE 94,
BNo] o] H7H€4=5 BNo| H 71 %] o Al o] 7]

o 001'

o

wpaF A7) 1= o W] sto] H T 92% shekatl i, v
a3k FANRE A7 HEE Wabh e A SRS
2 BN "ok A% Ag B2 ) AT, W
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