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Abstract

In recent years, various energy saving technologies to con-
trol the increasing use of fossil fuel have been attracting
attentions. Heat-shielding films for windows of buildings or
automobiles, which can reduce air conditioner load by limit-
ing the sunlight entering into the inside of them, have been
used as one of energy-saving technologies.

In summer, the film reduces air conditioner load and
shields interior from sunshine. On the other hand, if we use
such a film in winter, the heating load increases adversely
because the film decrease the sunlight energy entering the
room.

To cope with the problem, vanadium dioxide (VO,) having
thermochromic properties has been studied as a material
that might balance the heat-shielding in summer and the
heat-uptake in winter, because infrared rays pass through a
VO, thin film at low temperature but are blocked at high tem-
perature. Though a sputtering method for making the VO,
thin film has been used for the study of the VO,, it does not
lead to a practical use due to difficulties in a mass production
of a large area product.

We applied the fine particle synthesis knowledge devel-
oped for photosensitive materials to development of a syn-
thesis technology of VO, nanoparticles, and we utilized
binder, coating, and additive technologies to develop the
thermochromic film with a coating method, which is suitable
for a mass production.

The newly developed thermochromic film reduces air con-
ditioner load in summer like conventional heat-shielding
films, and further reduces an increase in the heating load in
winter, which is a problem of the conventional heat-shield-
ing films. Because the characteristics of the newly developed
VO, change with temperature autonomously, there is no
need for an additional device such as a switching device,
leading to a possibility of a wide use.
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Fig. 1 Physical properties of VO,.
The VO, exhibits a metal-insulator transition at a temperature
Tc=68°Cin bulk crystals. Near infrared radiation passes through it
below Tc and is blocked above Tc.
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Fig. 2 Haze value dependency on a particle size of VO,.
It was found by simulation that diameter of a VO, particle should
be lower than 60 nm to obtain the haze value of less than 3 %.
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Fig. 3 Control of diameter of VO, particles.
By optimizing synthesis conditions and controlling properties of
aqueous precursor solutions, VO, particles having a diameter of
less than 50 nm were obtained, in which the haze value of less
than 3% was obtained.
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Fig. 4 Examples of synthesized VO, particles.
Under a little fluctuated conditions, undesirable particles were
obtained. The rutile type VO, particles were stably obtained after
studying various conditions.
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Fig. 5 Durability tests of VO, films at 85 °C-85 %RH.
The VO, particles are very unstable under a high temperature and
high humidity environment. Durability of VO, film was highly improved
with protective agents strongly adsorbed on crystal surfaces.
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Fig. 6 Spectral transmittances of a VO, layer made by a sputtering
method (a red line and a purple dot-line). ?
Only in the wave length region of 1,100 nm and longer, the trans-
mittance difference between before and after a phase transition
(between a red line and a purple dot-line) is more than 15 points
(the value 15 points is tentatively set). The total solar irradiation in
this region (longer than 1,100 nm) is about 20 % of the whole solar
energy, and the controllable solar energy is not large enough.
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Fig. 7 Spectral transmittances of a VO, nanoparticle coated layer (color
adjustment pigments are included).
The wavelength where the transmittance difference between
before and after a phase transition (between a red line and a blue
dot-line) is more than 15 points is about 750 nm. The total solar
irradiation in this region (longer than 750 nm) is about 45 % of the
whole solar energy, and the controllable solar energy is largely
expanded.The controllable wavelength region by the VO, nanopar-
ticle coated layer covers almost the whole near infrared region.

—J, T/ K127 V0, 7 4 )V L ORI IC
B 20 0EEEOH] & KB 053 U IR % Fig. 7
IZRT, VO, F 2 Ki T2 077 4 )L AIZEWTIE, A
RNy FFEED D XD EOEED S HEET% OB RED
ZALIEDSRE 720, 1ZIERI O 2FIECEBEE D il
Mo Th 2, Ik, KB E ¥ —2akos k
Z45%THhH, ANy ZEEHCLEA XD LT
5 TRV F =G OILR DR & 72 o 72,

3 Y—FEI/O0ZY I T74ILLDRDIRIE

FEEMOHMIIZERT hilit v ¥ —i2 T, MERED
Y=/ Iv 774 NLDFERT A EFERL THEL:
oo WAV X =2y F¥E (TSER) 39— 71
2w 77 4V ADETRRE (tetragonal) DTSER & [d] L~
VTH Y, ORPUGERENFE L L TH B iRDE
Bz 4 v azitigs L, BERNICIZFE—#ED =20
MEDO—HDOFREDOBRICH —F IR Iy 77 4 VA%,
fl7 DB OBIIRDWEE 7 4 L 2T L 72, WiiE
WKIEFH—DZ 7 a vy REINTED, H—D5M Tl
PR L C, Z oROMEIEEE ) 2 kL 72, 10HMH
(2016/2/9~2/18) s L 7255, HilOEE 7 ¢ v 2
ZHiT. L 7-fE125243 Wh, y—€ 270 3 v 77 4L L4
ZHT L 728134936 Whe b —€2703Iv 774
VA Z T U 7B I TG E 7 4 L A & i T L 72k
XD L EENEBE N 2N5.9%KINT 22 LN TEL,

4 &

VO, F / KiF-a il sdtiz Az L, VO, 7 / Kiv-% v
AR XA Y —FE2u3Iv 7 74 VA RBFEL -,
OV —F70 Iy 7T 4NLIE, HEEDOMENT £ L4
DT H 2 X OEBEAMOEMZ IR L, HE, %

KONICA MINOLTA TECHNOLOGY REPORT VOL.14 (2017) m



BB LT L) PR M E R T 2 2 LR T
b5,

F7, 2D 7 4 IV LIEVOMF£E% 50 nm A 1 HilfH
T5ZETAA X%, WEHDOBAMRHERZH WS Z L
TIREFLREN %, ZNFNUHEL WS, S5l ek
BHEENTE 7 280y FIEICH L TR ToEENEIC
B, VO, KFZHw3 LT, Lh& KB
IRNX—%HET 25 2 EDAHEE 2o T\ B,

L2 L7%&d3s, VO JIETIEIEIC S WINE FF> 72 DI,
FCTASDEERED 7 4 VL AFEBITETwR YL, 5,
X SIS 2 8 3 % BB s Th 5, F
72y ~NA ROV THOHBIC L > TE 0L LTI
%L, THRIBEEPDETH D,

5 it

AHFHED—FIINEDO DZFEIC L 5 THIZE N 7R
DFEHNHD C FHTIY = 2L X — HI A L i B o B
Fey & L CHERERITR AR & o FFZEIC X b F2HE
L7,

KA JHE, 7 4V ADEEHHE, %< DR
BRIWE R ERES T L LPEEEMRATIE it
¥ —OHEEARR, HRMGOE, (HHRERE, WEE
ARRICE#HHR L B £ T,

OSE ik
1) RFiFEHE 55484795
2) FiirE 2735147 %

112 KONICA MINOLTA TECHNOLOGY REPORT VOL.14 (2017)





