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2 °oF: & AFolMe, WP W mol7to] olitelEENEe] Y gl Sl S5 ol AAY d24
SRS AEBA T, ol =Rz 38319 ot AT A5S Y. IAtle, E-4 W2 E3f A
ufol7to] ojitelE EREE FHSIAL, FASFEAUERS 59 A2 o2 &5t Black TiO@Mica £A41E
AESIA. olF, EReA 38 7hsdS ERIs] fsf I £ BhyAlol Egtstal 72 713l AR
o 71 A%, A£3 Black TiO@Mica 7|9 Eie AA 249 Bx(2*=12.1)9F &2 A4 ke
(30.2 R%)= UM, t&o], Alx3 dE AN 2Als 42z 2holnt A9 1As= AL gl
St ols, 2EE0] HE A viol7Iet olitStE ERE 1k AHofA Blo] HhA} dojus o] HhAL
H2o] 7|Q1ek Zloltt. & A7 2HE S3, 2ol AlAol I4EE H2M A4S ARG =M ARFhAt
R oflet 2%, EE 5 HAR 2ol E8E 5 e AR YHEnt

Abstract: In this study, LiDAR-detectable black materials are synthesized by coating and reduction of titanium
dioxide onto plate-type natural mica, which evaluated practical LiDAR verification. In detail, black TiO»@Mica
materials are fabricated by utilizing a sol-gel reaction to coat titanium dioxide onto natural mica, followed by
reduction using sodium tetrahydridoborate. Subsequently, Black TiO@Mica materials are dispersed in
hydrophilic transparent varnish and sprayed onto the glass substrate to assess applicability as paints. As a result,
Black TiO,@Mica-based paints exhibit true blackness (L*=12.1) and a higher NIR reflectance (30.2 R%). In
addition, it was confirmed that as-synthesized Black TiO,@Mica materials are successfully recognized by a
LiDAR sensor. This phenomenon is attributed to Fresnel’s reflection law, in which light reflection occurs at the
interface between natural mica and titanium dioxide with different refractive indices. In this regard, the findings
of the study are expected to contribute to the potential utilization of LiDAR-detectable materials in various
fields such as autonomous vehicles, robotics, and drones.

Keywords: LiDAR sensor, Plate-type natural Mica, Titanium dioxide, Blackness, NIR reflectance
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T 5 A= AAEelH Al 7HA] FR/<QL ol ol &
Zi2t2 o ;2] 11 F, otk AlA= 905 nmo] &
Ao Wi7iR sh]of AR wRol, B4, S =
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FE-Eoth3].
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o|7]of olF& MS W IARAS] FE o] WA A
TH4). 24 A52HE Egoto] Q17te] o] 71
o] AMEE= A4} F shtol7]d], gto|ot Al IxE 4=
U A2 Ao thgt 7 B R /do] 8E 0] gom,
39 A7 FE2 905 nm9] LA JAE BT 5= Qe
HEdd A% A2 7EES WS RE Tohs d
£ APstar QUohs]. sHAgE #HEd Als B 519
HIARSS 571 =hsfiof shrlol 349 B4 A4
L= EHolg= A7 SAsttHe). H2ols, 2ol Al
Aol QIAE= H-249] Aej7l/elet o} oj/d Yl
RS Az A4A T2 8 3835 A7) EAR 1
2, 7]& AFolA ARES B2 Ui TR 485l
ojg]Fo] o] X4 Hio]aE F7]|e} IE/do] FHE
4 AR Hgto] FQsirt.

ARtH o kg E42 Y= FHsly| s i
3 T2 7w £ S548ET f71ES 2”06
A|ZECH7). olgt B 71w 242 L2 fert @
o] &&= o, F&ABHER] oA EHE(TIO,) &
2 ABHE(Fe;0y) 52 2T 49, 549 AHoA Lo
U 9 Bhatof] oJgt 7Hd @Afo g Aafo] I H o8]
SEABHER] olAlStEENEY] A TR Axo|| 7P &
|5 E4olH 84, A48 9 &4 BT Az
9] gold7} tjEo] U & S H2MQl o]ikstE| et
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2.1. MeF ¥ XM=

ghojot AlAo] QIA| == WP A2M AAE A X}
7] Y8 A wlo]7HMica, ca. 25 pym)S 7|TO 2 AR5}
AT FAHHCL 35.0%)2 9 vtol7} 24k 8] 27
pHE 2435}7] ol AREotTt. A o]z} 7]gof| o]it
SteleNEZ Z95t7] fIs A 2Fe Bl (TiCl, 99.9%)%
ZABRTE §(NaOH, 40.0%)S A4 &2 29 pH 244
2 ARGSIQITh 3L WY 249 S 2o s 3t
YA717] A8l FAaIHETAUEF(NaBH,, 98.0%)& AR
Stlch S Bofl AxRe A2 Y 242 E8EE
A zst7] Yol XA T8 BFHA|(W21602, Jevisco)S &
S5ttt Bl Eof, 24 HiARg € glol} A4S Q14
E2 H|wst7] 98 7HE £ (Carbon black, 99.9%)< A}
S5 ARG A2 AA T &2 71490 FA] §lo]
Aol AREE AT
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2.2, E-AHS S&t M Oi0|7j0) O[LStEIERE AT
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So] &aH &, ZolE AAE Aol 25 e} YiEd
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ning electron microscopy, Hitachi S-4800) £41-2 X133}
Atk ESE A %3 Black TiO@Mica 44|29 HES &9]
o}7] Y3l AMA}A(Colorimeter, 3nh NR60CP)E Al-&-5}9]
51 oV} 24T T RS EESIATE T WS
£ =74517] Yall UV-VIS-NIR spectrophotometer (Shimadzu
SolidSpec-3700) £4]2 R 3P}t

2.5, Eekd A2M AXfo| zlo|Ct MM QIME HE

A| 23k Black TiO,@Mica Aol gt 2to]t} A4 9]
JNAES FRIskqlrt. AAlsl+=, Hiol¥ol Black TiO@
Mica £7(0.3 g)et H4=4 9 v A|(10 mL)E &33!
F SAE B9F wEkSHGIt o]F, ERtES AXgold
(Daiwa DSP-090) 2-83}0] 9a] 7]uk5 x 5 em?)o] =
A BEFE T AF2(25°C)0| A AR5t 2tolth AlA]of
i3t Q1482 8RI51Y] Y3l Black TiO.@Mica 44 715t
9] § 71w} 7HE Eo] Txd {2 7| A H|w
sto] 2ot} AF AT Aokt
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3. Zat % 13
3.1. Z2M 20| 43 2fo|Ct M9l QIAIE B0l
glo|c} AlA 9] Tl Ao AFZo] tigh W 914]
S Blstu} kT HoM BH|2 glolck AAS
& A HQIKFig. 1). 1 2T}, sk EA| glo]ciof
o] El= AL B 5 vk Ao Exe sfolct Al
of QIAHA] EalT FHAFEZEO R o] AstEE AL

£O, > O, ol

White object High-LiDAR recognition

=~

Low-LiDAR recognition

Black object

Figure 1. Digital photograph of LiDAR sensor recognition for
black and white objects.

Journal of Adhesion and Interface Vol.24, No.3 2023

Reduction

e (R,
NaBH,

Black TiO,@Mica

F—ﬂ\ . Sol-gel

Ticl,

Natural mica

TiO,@Mica

Figure 2. Schematic illustration for synthesis method of black
TiO,@Mica material using sol-gel reaction and NaBH4
reduction method.
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3.2. 2lo|Ctofl QUX|El= TME H2M Axfo| HIZE

Fig. 2= W9 10| oligte| e FRot, 4
SESAUEES L83 TS B0 2olttol A==
Y A2 AE Axg B4 zoltt. WA, Tio@
Mica 2415 A|xsH7| sl W9 HA vlol7tE 7|
o= ggollon, S AU FoiA olilstEEES o
AsHAl ZE3H3AT. old, utol7te] o]itstElEhEE Y
sHAl 29571 A= A4 pH @2 FAISHoF gt
HHA 0 & mpo]7k= pH 2.0~12.0 1A SHSHE wH,
olttetEEHE2] 4% pH 6.0 oloME Sd5HE Wi
6.0 o3t A= FHslE Wri11]. o]&, 2.0~6.0 77+ Ui
oA wlo]7te} olitatElEs UAF 7Ho] FH 1A Q1]
Hgste] #dstA ZRHE ¢ A Yrigie{12]. A%
pH 77t HollA A9 atol7} o] oJAlstE|elgo] IH
He WA vt g

Mica + TiCl; + 4NaOH
— Mica/TiO(OH), + 4NaCl + H,O
(Sol-gel reaction) (H

Mica/TiO(OH), — Mica/TiO, + H,O
(Calcination) 2)

o|%, ol4ltgtE|Ehy WS A2 OoR ThEY] {5 &
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TiO,@Mica A2 A Z5FFA LY.
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Figure 3. FE-SEM images of (a) natural mica, (b) TiO.@Mica,
and (c) Black TiO,@Mica materials.
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TiO,@Mica 2A19] P4 2 2715 A5t h(Fig. 3). A
o mhol7ke] 739 A 7ol °F 20~40 pmo| A7|9} FHO|
e WYY L2 E A AE gRlstilon, Tio@
Mica &A= o|4tstejeHg Aol o5 A nfol7ke] &
Ho] Az B&5L 818 5= Qltt. Black TiO,@Mica2]
8% 2L2of o5l TiO, YA &4 A/l At oH,
SHlRt o] R o WYY FE27F FUAA ¥AL FAE=
258 sQI5HF L. g Eo], TiO,@Mica 9 Black TiO,@
Mica 270l A= ol4taleleg F ol o3t th3do] 3
JES AT & AAH13]. o5 S8l A vpel7tef o]
AlotElENgo] 54 or FRESRoH, g o]Fofx
A F27 F FAEE ERlskh

CIE L*a*b* AAHIE 7]HFCF Black TiO,@Mica AR
9] BL(L*)E &Qlsty] Al MAA S-S APt
(Fig. 4). CIE L*a*b* A|AHO|A L* gt B0 ¥
00l A 1007bA] 9] = =28kt Zolw L* Zho] 1009]
TWRESE SIRFES UEH AL, 00 7MESE A2
ojulgtr}{14]. Y¥kH o= [* Zho] 20 o]stY AL, s
E49 A H2Molgtal W 4= SITH15]. Black
TiO,@Mica 2 & T2 2 A|Fsto] Y=g =H517] 9
3, A5/ £ vy Aot Eftsto] AndoldE Bl
2] 713 EaEsEGich AR AR7F AE WAL 7]
off HfY Ao A EAte]o] WP Ao]l £2 = FHE A
23 £ Utk F7HH o=, A83t 7 £ 7|5k
52 7% A|Z5}9] Black TiO,@Mica AR} WS
vl Wolgct 1 A}, Black TiO,@Mica AA|S] L* ZFrol
12,12 A4 &2k 7F2 £ H1E(L*=9.8)2} FAFRT
A2AS 1 Q22 SISk o] &3l ol4talE et
w9 BHS S5l oo AP A2 AAE
Az 5k

| Carbon black Black TiO,@Mica

Measured CIE L*a"b* colorvalue | ~.\..

L* a* b* pattern
Carbon black 9.8 04 -1.9 —
Black TiO,@Mica | 12.1 38 26 —/

Figure 4. Digital photographs of carbon black- and Black
TiO,@Mica-based paints applied onto a glass substrate and
their descriptions in CIE L*ag*b* system.
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Figure 5. UV-VIS-NIR reflection of carbon black- and Black
TiO,@Mica-based paints (NIR wavelength at 905 nm).
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Figure 6. Practical detection of carbon black- and Black
TiO,@Mica-based paints by an Intel RealSense LiDAR sensor
in the depth mode.
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