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Abstract : Since the active matrix organic light-emitting diode (AMOLED) encapsulation process is very vulnerable to moisture
and oxygen, high-purity nitrogen with minimal moisture and oxygen must be used. In this study, a copper-based catalyst used to
remove oxygen from nitrogen in the AMOLED encapsulation process was optimized. Two-component and three-component
catalysts composed of CuO, AlL,Os, or ZnO were prepared through a co-precipitation method. The prepared catalysts were
characterized by using BET, XRD, TPR, and XRF analysis. In order to verify the oxygen removal performance of the catalyst,
several catalytic reactions were conducted in a fixed bed reactor, and the corresponding oxygen contents were measured through
an oxygen analyzer. In addition, reusability of the catalysts was proven through repetitive regeneration. The properties and
oxygen removal capacity of the catalysts prepared with CuO and Al,Os ratios of 6 : 4, 7 : 3, and 8 : 2 were compared. The number
of active sites of the catalyst with a ratio of CuO and Al,O; of 8 : 2 was the highest among the 2-component catalysts. Moreover,
the reducibility of the catalyst with a ratio of CuO and Al,O; of 8 : 2 was the best as it had the highest CuO dispersion. As a result,
the oxygen removal ability of the catalyst with a ratio of CuO and Al,O; of 8 : 2 was the best among the 2-component catalysts.
The best oxygen removal capacity was obtained when 2wt% of ZnO was added to the sub-optimized catalyst (i.e., CuO : Al,O3 =
8 : 2) probably due to its outstanding reducibility. Furthermore, the optimized catalyst kept its performance during a couple of
regeneration tests.
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2.2.2. X-ray diffraction (XRD)
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Figure 1. Oxygen removal reaction test process schematic diagram.
=2 Xﬂzﬂ Z1}] 9] H,-consumption A¥-S& $+=H5FA Tt 0.023 g
9] MEZS He gas (99.999%) E9]7]0]4(50 cc min') 455 &
QF 400 CW}X] 7FE §F = 400 CoA 1 AIZE 59 FAI5HAT
Zlﬂ_l_ coolingA|A 100 C =5 23 F3}. 100 CT7F €

2719) oPs} 1L 74 ¥ BUL Shech BAA K,
-»] _:_E%k—g_- ol 7] 5ta] 10% Hy/Ar gasE 30 cc min' &
Z&3m 100 T4 500 CT7HA] 10 C min' 0.8 52 A|7]H
A HE7I(TCD)OIIA S35k

2.2.4. X-ray fluorescence (XRF)

XRFE= A|59 FAEO 9= Y40 AL AA, AF B
A5ty 0]&35t= ARoltt XRFAA| = 165 Eve] B2
7}A]+&= SEA2220A (Seiko Instruments Inc)E ARSI ©]
A E o] g3 Azt Fuf THLAES] LS FAFYt

2.2.5. Z0H AtA HH £HS A3
Zui Az Cudl SUiS ARSI Figure 19] 4b4 A
A 9rgo] ASE UhS FHS YefQleh o] ¥R 500 co

min"'9] 120 ppm Oy/N, gas &5 3}of| Fixed bed reactoro] A 4>

A A AN 2HC Ak AL A Euf A 11

FE A, §H37] Hiol= sieves ©l-Edto] =FTE 75~ 125
pm 719] Aok Fuf] 2.7 gt Z9] HF7E 9] A3 77
&g JolFdth. ¥g7] Y H4L 15 mmel 1, Zolk 70
mmo|th. Zuo] g9l AL 8 W] 9Ro] 1774
fumace FABFALt. B3 WG F 9-37] ko] RS Aol
5}7] €3t MFC (Brooks 5850 Series), ¥1-2-7] ¥ furnace] &

£ EX5H= thermocouple, AFAZHES gt AAEAT]
(alpha omega instrument series 3500 Trace Oxygen Transmitter)
£ A5l vkeAY 3L o237 Zth H, 3.9%/N, gas
9] 888 MFCE XE3}9d 300 cc min'Q] 202 24715
Qb 400 CT= F2ZAI7]AL 4AZHERE 400 CollA FAIAAF=
Yo s FUAZT FAHRHL upH T W Jof| N,
gasE SEXF &350l AA lineZ Purge A|AFIAT BHE7EA
2l 120 ppm O,/N,Z 500 cc min' O & Z&FHA Z0j9} vl-3
o] e spao] Aawg AaRA7lE S8 2Yskn
10027 Ade ZPstoint.

3.7y nE

Cuol S MBAAZTA ool vAL FaFS B4
Sitt. XRDS] #4125}, AZT 217} 4218 ZU(RS-11G)°)
T2} H=5E A2 & 4 AtH(Figure 2). Cu09] §&Fo] 57}

+ Cu
° AIZO3
¥ CuO

CuO:Al,03=6:4 + * SIOZ

CuO:Al,03=7:3

CuO:Al,03=8:2

Intensity (a.u.)

R3-1 1G(commem|al)

10 15 20 25 30 35 40 45 50 55 60

20
Figure 2. XRD patterns of two-component catalysts.

Table 1. Textural properties and crystal size of two-component catalysts

Sger” A D,’ Crystal size Crystal size"

Catalysts i P P

Y (m’g") (em’g") (nm) [CuO] [Cu]
Commercial

(R3-11G) 182 0.21 33.06 34 2.52
Cu0O:AL,O5=6:4 237 0.70 13.91 4.49 5.2
Cu0O:ALO5=7:3 125 0.54 24.79 3.94 4.28
Cu0:A1,05=8:2 88 0.55 60.17 4.13 4.24

*Surface areas calculated using the BET method.

"Total pore volumes estimated from the isotherm at p/p;=0.99.
“Pore sizes calculated using the BJH method.

dCrystal size calculated using the XRD method.
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Figure 3. N, adsorption-desorption isotherms of the two-component
catalysts.
1.4
—a&— CuO:Al03=6:4
12 4 CuO:Al,03=7:3
—A— CuO:Al03=8:2
Q- 1.0 1 —— R3-11G(commercial)
o
S 0.8 -
—
=
= 06 ]
= 04
0.2
0.0 -

dp/ nm

Figure 4. Pore size distribution of the two-component catalysts.
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Figure 5. Result of oxygen removal reaction test of two-component
catalysts.
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Table 2. Textural properties and crystal size of three-component catalysts

Sger® A D,° Crystal size® Crystal size®
Catalysts (g (enr'g”) (o) "cuol " lcl
C("lg‘f‘lelrg)al 182 021 33.06 3.4 2.52
CuO : AlLO5 : ZnO (0.5) 104 0.46 13.91 3.54 3.77
CuO : AlLO5 : ZnO (1.0) 95 0.33 44.92 3.45 3.44
CuO : AlLOs : ZnO (1.5) 98 0.51 60.17 3.24 3.72
CuO : Al,Os : ZnO (2.0) 113 0.48 28.64 3.00 2.82
CuO : Al,Os : ZnO (3.0) 83 0.31 60.17 2.87 2.54
CuO: AlLO;=8:2 88 0.55 60.17 4.13 4.24
*Surface areas calculated using the BET method.
"Total pore volumes estimated from the isotherm at p/p;=0.99.
“Pore sizes calculated using the BJH method.
dCrystal size calculated using the XRD method.
Table 3. Component ratio of catalyst obtained from the XRF analysis
C?ﬁ%“ Cu Al Zn C Mg Si Ba
C(Olg‘ff’lrg)al 38.93 - 49.74 2.63 7.95 0.76
CuO: ALO;=5:5 77.26 22.74 - - - -
CuO: ALO;=6:4 76.44 23.56 - - - -
CuO: ALO;=7:3 88.03 11.97 - - - -
CuO: ALO;=8:2 91.82 8.18 - - - -
CuO : ALLOs : ZnO (2.0) 68.86 6.59 24.55 - - - -
A7) 2o &, H]Eo| 6:421 ZujE} copper oxideQ] crystal
size7} Atk A& GRIskqith. 2RH o §:28]&0] Zuj7}
7Vg B2 copper oxideE A|YHA Z ZAtE 0] W2 k0 -
AR ghglo] F o] £0ix)7] thio] & AaAA B&S X : a0 AL, Zn005)
d A & 5 Al ~
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Figure 7. XRD patterns of three-component catalysts.
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Figure 9. Pore size distribution of the three-component catalysts.
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Figure 10. Result of oxygen removal reaction test of three-component
catalysts.
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Figure 12. Result of oxygen removal reaction test of regenerated
three-component catalysts.
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Figure 13. Result of oxygen removal reaction test of regenerated
commercial catalysts.
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