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Preparation of Poly(ethylene-co-acrylic acid) / Copper(I) Oxide Composite through Melt-mixing

and Its Near Infrared Absorption by Sulfuration

Yoshie Fujimori, Yasuo Gotoh, Yoshifumi Kohda, Masanobu Nagura, and Yutaka Ohkoshi

Faculty of Textile Science and Technology, Shinshu University, Tokida, Ueda, Nagano 386-8567, Japan

Abstract: Reducing of copper (I) oxide (Cu,O) particles was attempted to prepare an organic/inorganic nanocomposite

during melt mixing of poly(ethylene-co-acrylic acid) (EAA) through cracking of the particles by shear stress in the molten

polymer and ablation of Cu,O by carboxylic acid groups. The method in this study, however, was not effective for the

reducing of micron-ordered particle to nano- or submicron-ordered particle. The copper components in the composite

were sulfurized, and then two types of copper sulfide particles, i.e., nano-sized CuS and micron-sized Cu S (1.86<x<1.96),

were formed. The sulfurized sample film exhibited strong ultraviolet and near-infrared absorptions, while visible ray of the

wavelength around 600 nm can be relatively well passed through, thus it was sufficiently transparent in daylight. Owing

to the optical absorption, an excellent heat-ray shielding property was observed, which indicates that this material can be

applied for a solar ray blocking material. This property is chiefly responsible for CuS nanoparticles.
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Fig.1 UV-VIS-NIR spectra of EAA+Cu,0 ( —) and
EEA+Cu,O (*-). The film thickness is 100cm.

0220



2 —COH + Cu0 — 2 —CO™--
O

OB, —flgRA A 0E, 3dHNEIC T R TETREE -
TORRE L 720, d-d BRI O EWIIEFRBL L7227z
RE~DOEE BT SR EEZHNS. EAA+CU,0
I8 S 4172 680nm D t°~ﬁﬁ% %, Cu* @ 3dfEN O
d-d ERITIRE SN D WIE RITIE< [29], #4140
Co L LTHELTWD ZERRIBEIND.

Z T, X0 EECHIR Y OFEIRIEE R D 20
XANES JITEZ#1T>7-. EOfER%E Fig2 ([~ 7. BN
220°C TIRM L 7= EAA+Cu,0, XANES HIE Dl AT O
7O DS RBELE LT, BRIER U7z 2 ffigh 1 4> CTLEAE
L7z EAA(EAA-Cu?), BIUEED Cu,0 K Th D
EAA-Cu* 1%, WMERRER (1) & EAA % 220°C TiRFEL, 754
WSO SE7250ECH 5. XANES 1%, F1ftidk, &
A RBESPELN AR E DO XIFRIE 7R & & KT 5 728, il
FEDARYT NG, R IGHE OBRAEECM I SV T
TEPER) 72k s T & 2 90015 TH % [28]. EAA+Cu,0 Oiff
REMEHT LI=L 25, EAA-Cu®* & Cu,0 DAY FL DR
HEDET, BRICTA v T AT TELILEND,
EAA+Cu,0 T OHIE s, Cu,0 B KT -COO -+ -Cu> D
2FEFEHODINRECIEEL TRV, o1 4 v A Lz
~COO ++Cu lIfFIELBRWZ ERW S nE o, L
23T, Fig.l ® EAA+Cu,0 |25 54172 680nm DI £ —
70X, 2MfigiA AL D d-dBRIZLH LD THD LT
&5, Cu,0 EWNRFIINVEEOHEE S D PRISUSRD —
DLLT, UFoLHIRbONEZLND.

4 —("JOH 4+ Cu,0 — 2 —?0‘ ---cuz'..."o?— + H: 4+ H:0
O O (o]

Fig.3(a) 8 X OV (b) IZ1F, ZHNTIEAA+CU,0 BL W
EEA+Cu,0 @ WAXD JHIiE DFERZ R L7z, W oilE:
IZBWTH, SJikh Cu,0 DEHTE— 27 MRS S 4L, R
EAA+Cu,0 IZ5\ T, XANES OFERNL LIS
72 & 91T, Cu,0 & BRI I LIE LRSI PR SOR &

Cu* 4+ H0O

15-| O EAA®CU0
® EAACU”
12l A Cu0
- —— Fitting curve
f=
S
£ 09t
©
~N
3
§ 06 |
3
< o3t
00}
n 1 n 1 n 1 n 1 n 1 n 1 n
8920 8940 8960 8980 9000 9020 9040 9060
Energy / eV
Fig.2 XANES spectra of EAA+Cu,O (220°C), EAA-Cu*,
and Cu,O powder.
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Fig.3 WAXD intensity profiles of (a) EAA+Cu,O, and (b)
EEA+Cu,0.
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Fig.4 Optical microscopic photographs and the histograms
of (a) Cu,0 powder, (b) EAA+Cu,0 (220°C), and (c)
EEA+Cu,0(220°C).
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Fig.5 UV-VIS-NIR spectra of EAA+Cu,0(220°C) and
EAA+Cu,0(220°C) after sulfuration by hydrogen
sulfide gas and sodium sulfide aqueous solution.
The film thickness is 30#m.
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Fig.6 WAXD intensity profiles of EAA+Cu,0(220°C) and
EEA+ Cu,0(220°C) after sulfuration.
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Fig.7 Optical microscopic photograph of EAA+Cu,0(220°C)
after sulfuration .
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Fig.8 SAXS intensity profiles for EAA+Cu,0(220°C) and

EEA+ Cu,0(220°C) after sulfuration.
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Fig.9 UV-VIS-NIR spectra of EAA+Cu,0, EVOH+Cu,0
EAA+Cu,0(s), and EVOH+Cu,O(s). The film thick-
ness is 100 m.
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Fig.10 Aparatus for the heat-ray shielding measurement.
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Fig. 11 Heat ray shielding property of composite films. The
film thickness is 40 ¢«m.
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