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Fiber arrangement Random, alignment
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Distance between copper wires (cm) 1,05,0.2
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Fiber type N6, NaCl, KCI, LiCl, Na,SO3
Solution preparation 10, 15, 20%
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Samplmg
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H3PO4  Acid Drain
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B+  ENDA-5000 # # & i 427 2. B)

d Bl- BlREEEHET > 5. A sepikps 16 ENDA-5000 ﬁ? S CER TR A - N T
~ 715 mg/m3 SO ek F M RERF LA > T 2T EfET -2 (43 » SOk
B 5 715mgim3 BF o RA G 13~15% » Rl3E R K 4@l 41T 0§ BRRRR 4
ENDA-5000 /& % & &R id » 71.5mg/m3 5% % 8 & 5 - &k > SO 4f 4 *% 31| 1% F.S. 1«
oo A MAERE T - BT 0 5“’@*1&11‘ de ko d %&@*ﬁ’xﬂ]‘ e TR BT €
FH - B > SO BRE T ER > < 10 & 45108 > BRI 4 SO, a3 f3
A BB R FRESE T F RSO3 fRIE 4 A2 5.72 mg/m3 > gt pF kst SO,
S B4 € AT ¢ W H) 76-2017 % & 5% -

ppm SO2
30,00 Injection of HsPO,

switched OFF
25,00
Nw—-\_-

20,00
H,PO, not injected
15,00
——ppm SO2
10,00
5,00
0,00
QWM INOOWMOWMODOWMODODODOOWNMODOO0O T'
S dMATNOdd O daNTNO Ao Ime
O\HMWI\G\HM880Q\DNONQI\O\HM
g hoogododoUaNaNNan
Lo e s B s I I T = A~ - - = = =~ = o~ o S o
o I I I I I B B B B B B N B B B B I B B

W= ENDA-5000 # % 5 HaPO, of i1 %F SO, ifl i 2 B 58
¥ S f 5% o 5Pl A 45 th(Horiba ENDA64O):}3:=%%? S0 B A5 120 °C
B~ 9 0 k& CEMS 4 o par= (2)3.2%R 2 -
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AT AE R o s AR e P c 2R EF 3 FAT SRR R
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(NIEAA413.75C) » 105 # 01 * 04 p -

OH R AEE ] RAg - Rad TR F ¢ AUt ki SO2 kR R R 0 B
EHRF LG % 8% ~ % 54 > % 453-456 7 > 2002 £

& Jaroslav LIBAL, “Modification of HORIBA’ s ENDA-5000 Continuous Emission

Monitoring System in order to fulfill requirements of European standard EN
15267-3"

, 24 September, 2012. https://www.horiba.com/uploads/media/R39e_18 126 04.pdf
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SEHLEAIHBRRELE SR A A1 £ A mﬂt’a"ri’ﬁ # - & 1 (Volatile
Organic Compounds, VOCs)t& % & i& {7 ¢ 47 > M I d 1 2 517 i F 1 22 VOCs #
AL BT o AT HEE Y B AP ¥4 & # 42 (Lauric acid/ activated carbon
Phase Change Material, LA/AC PCM)#? Zn-MOF £ 7 # ¥ 2t 47 & + #2(Zn-Metal organic
framework composite, Zn-MOF) o & & j& 5 k="t X & > 4 927 LA/ACPCM £
Zn-MOF % 8 ™ % 200ppm ~ 400ppm ~ 600ppm ~ 800ppm =373 A ¥ fifae # %7 © 7§
% 5% 7 Zn-MOF 5 fik s it ac # - LAIAC PCM ¥ fik s ¥gae 4 > 4By g o
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FIp o Peng Huo % 4 (2021) #* ZiT - =x @2 WA 7 B A 2o ff ~ A3V
ofc®F VB F N BaeTiE r}f‘(%ﬁ’é& o TiEiTe ook BogiES&k o & ACF-850 ¢
HFaE AT G TR o % 4 ACF-850 ft RNt A I kG
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Abstract

Aromatherapy seems to have attracted much more attention due to the efficiency of plant
essential oils on the physiological and psychological activities of humans in recent years.
However, the effects of medication depend on different individuals. For example,
eaglewood essential oil (EEO) extracted from eaglewood plant (Aquilaria sp.) had been
widely used as medication for improving patients' various symptoms including empty
colic, pyrogenous dysentery, emotional stagnation, paralysis, and diarrhea in many
ancient Asia and southeast countries. This work attempts to rapidly assess the possible
changes in the physiological and psychological activities of individuals after inhaling
EEO. The available information of the individual electroencephalogram (EEG) and
salivary alpha-amylase activity after non-invasive testing was therefore recorded.
Subsequently, we found that alpha rhythm power was up to 16% in the individual
brainwave, but the delta rhythm power was reduced by 22% in the left brain. Moreover,
the hydrolysis efficiency of individual salivary alpha-amylase activity (SAA) was lower
11% than that of the control group. In other words, the changes in individual EEG and
SAA seem to be used as indicators for rapid testing of physical and mental activity when a

single is exposed to the environmental condition of essential oil.

Keywords: eaglewood essential oil (EEO), physiological and psychological activities,
electroencephalogram (EEG), salivary alpha-amylase activity(sAA).
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Introduction

Plant essential oils, a complex compound of secondary metabolism, had been
widely used as a medicinal treatment from ancient times. In recent years, it, also
named as aromatherapy, has attracted much attention. Many researchers attempt to
verify the impact of odors on the physiological and psychological activities of
humans (Nasel et al., 1994; Sakuma et al., 1997; Tisserand, 1985). However, the
influence of fragrance on those activities of humans appears to exist in many
variances, even depending on the difference of individual.

Eaglewood (also named as agarwood, aloeswood, and gaharu) plant belongs to
family Thymelaeaceae and is native to China and South East Asia countries
including Vietnam, Cambodia, Laos, Thailand, Malaysia, and Indonesia (Barden
et al., 2000; Sidik, 2008). In China, the first record concerning the effectiveness of
eaglewood was discovered in the Traditional Chinese Medicine (TCM) book
named as “Mingyi Bielu”, which was edited by Tao Hongjing (A.D. 456-536) in
the period of Southern and Northern Dynasty (A.D. 420-581) in China. And this
book clearly states that eaglewood is a high-grade herb medicine and able to cure
various tumors caused by evil influence as well as poison materials. The eaglewood
also enables to improve the situation of organisms by depriving of harmful vapors
in the body (Tao, 1986; Tao, 2013). Besides, another medical book, "Bencao Jing
Jizhu™ also indicates that eaglewood is very useful for curing the malignant tissue
disease and tumor (Shang, 2008). Until A.D. 1694 in Qing Dynasty, “Bencao
Beiyao” a pharmaceuticals book edited by Wang Ang, also clearly shows that the
nature of eaglewood is temperate and its flavor is pungent and hot. The
pharmacological effect of eaglewood is to enter into the spleen organ and adjust
various “Qi” circulations and bring peace to the body. Due to its surface of black,
it can penetrate into the patient’s acupoint of maimen (pluse) and is good for the
protection of the kidney system. And it also has the effectiveness regarding
nourishing yin, strengthening yang, and invigorating “Qi” circulation (Dai, 2007;
Wu & Hsieh, 1987). In other words, it can cure the patient’s symptoms including
empty colic, pyrogenous dysentery, emotional stagnation, evil influence, dispelling
cold, paralysis, and diarrhea. Recently, lots of research papers show that some
compounds of eaglewood can significantly inhibit the proliferation of cancer cell
lines, such as human neural cancer (SF-268), breast cancer (MCF-7) and lung
cancer (NCI-H460) (Li et al., 2014).

The electroencephalogram (EEG) had been preliminarily recorded by Hans
Berger in 1924 (Haas, 2003). Then, it had been widely applied to the practical use
for diagnosis in the United States, England, and France (Friess et al., 1994). A new
phase for exploration and understanding the activity of human brainwaves was
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started from that moment. Brainwaves are approximately divided into four patterns
according to the frequencies, which are in the range of 0.5 to 3.5 (Delta), 3.5t0 7
(Theta), 7 to 13 (Alpha), and 13 to 30 (Beta) cycles per second (Hz). Some papers
clearly showed that the a wave of an adult is in the main rhythm activity under the
quiet and arousal condition. However, it rarely appears in the anxious people,
replacing with a more high frequency of B wave (Kiloh et al., 1981). Nowadays,
EEG is a new tool for rapid measuring neurological system signals.

On the other hand, several reports have demonstrated that the release of salivary
alpha-amylase (SAA) of humans is related to the autonomic nervous system (ANS)
and the sympathetic nervous system (SNS) in particular. As a sensitive non-
invasive biomarker for stress-induced changes in the body that reflect the activity
of SNS, sAA is a fairly suitable tool at present (Al-Shargie et al., 2016; Sahu et
al., 2014). Therefore, the focus of this work is to explore the changes in
individual EEG and salivary alpha-amylase activity after inhaling gaharu
essential oil and become an assessing indicator of personal mental and physical
activity.

2. Materials and methods
2.1 The flowchart for this study
To rapidly understand the experimental procedure, the brief flowchart in this

study was outlined as followed.

Fig. 1. The illustrated flowchart of this study.

Extracted aloeswood oil from
Aquilaria plant infected pathogens
using artificial technique

v

Inhaled aloeswood oil for 10 min

Recorded EEG signal
and determined salivary alpha-
amylase activity
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2.2 Experiment instruments
2.2.1 EEG machine and setup
The equipment of EEG 2000 type (purchased from Mindquest Inc., Taiwan) was
used as an EEG collector (Wu et al., 2015; Wu, 2007). Moreover, to obtain the
quantification data, the operation of brainwave collector was conducted under the
quiet environment and indoor surrounded by interference-free of strong
electromagnetic as well as setup directly at FP1, T5, T6, and Fpz points according
to the user’s manual and the international 10-20 system (Oostenveld & Praamstra,
2001), as shown in Figure 2.

CACK

Fig. 2. The diagram of simple electrode of EEG was modified from previous study
(Son et al., 2014). Setup the electrodes of EEG, which positions were respectively
selected at FP1, T5, T6 and Fpz points, according to the operation instructions of
EEG 2000 type machine.

2.2.2 Spectrophotometer and chemicals

The UV-visible spectrophotometer (V-530, JASCO) was used for determining the
activity of individual salivary amylase. The chemicals including 3,5-Dintrosalicyclic
acid (DNS), soluble starch, and potassium sodium tartrate were purchased from Alfa
Aesar Company (USA) and Shimakyu's Pure Chemicals(Osaka, Japan), respectively.

2.3 Procedures
2.3.1 Inhalation of eaglewood essential oil and signal records of EEG

The experimental operation in inhalation of eaglewood essential oil and signal records
of EEG were modified from the methods described by Son et al. (2014) and Wu et al.
(2015). Briefly, the operator had to first keep the feelings of calm, cozy, and relax during
the tested period. For comparison, keeping close eyes was carried out for 15 min under
no fragrance environment. The subject of the individual then inhaled the scent of
eaglewood (0.5 g powder) prepared on a hot plate at 200 * C for 10 min under a small
study room (2 3 3 m). Subsequently, the change signals of individual EEG were
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recorded under this condition. After experiments finished, the raw data were further
assayed using the method of paired t-test. For comparison, the essential oil extracted
from the lemongrass plant (Cymbopogon sp.) was carried out.
2.3.2 Salivary alpha-amylase activity assay

The assay method of salivary alpha-amylase (SAA) activity was slightly modified from
the method described by Hamilton et al. (Hamilton et al., 1998). Briefly, the reaction
was started by adding 0.1 mL of saliva enzyme sampled from experimental individual
to 0.4 mL soluble starch (1%, w/v) in 0. 9% saline solution for one hour at 37 °C. Then
the reaction was stopped by adding 0.5 mL of DNS reagent (containing 40 mM 3,5 -
dinitrosalicylic acid, 0.4 M NaOH, and 1 M K-Na tartarate). Subsequently, the samples
were heated in boiling water bath for 10 min and further allowed to cool down in cold
water. For comparison, the DNS reagent was added prior to the substrate solution. After
dilution with distilled water (up to 10 mL), the absorption value of optical density (590
nm) was determined by using a spectrophotometer (Model VV-530, JASCO, Japan). The
reducing sugar produced by enzymatic activity was determined using a standard curve
obtained with glucose. Under the reaction at 37 C, one unit of enzyme activity (U) was
defined as the amount of enzyme required to produce 1 pg of glucose from soluble
starch per minute.

3. Results and Discussion
3.1 Signal records of EEG

The relative strength value of four patterns including B, a, 6, and & in the left brainwaves
before treated with essential oil was 11.4+1.5, 38.2+1.4, 30.3+0.2, and 19.8+0.4,
respectively (Fig. 3). And the basic values of the right brainwaves were 11.6+1.0,
41.1+1.1, 29.240.7, and 17.9+0.6 in order, as shown in Fig. 4. After inhaled eaglewood
essential oil for 10 min, somewhat changes of brainwave seemed to exist in the
significant difference (p <0.05). Especially, the average promotion proportion of
relative strength of a waves were 16.4% in the individual brain, whereas the 6 waves
of the left brain obviously decreased by 22.9%. In addition, it was also found that
there were no apparent differences between the left and right brainwaves while the
essential oil of lemongrass was inhaled in the control group (Fig. 5 & 6).

Some researchers have pointed out that the energy consumption of the body and mind
is the least when the intensity of the alpha wave is increased. However, the energy
obtained by the brain is higher at this time, and the operation of the brain will be faster,
smoother, inspired, and intuitive. Some essential oils such as rose and peppermint
essential oil also show the effect of relaxation from the observation of EEG records
(Liu et al., 2013; Masago et al., 2000).
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Fig. 3. The EEG changes of left brainwaves after inhaled eaglewood essential oil
for 10 min. Values=mean £ S.D. (n=3, *: p < 0.05).
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Fig. 4. The EEG changes of right brainwaves after inhaled eaglewood essential oil
for 10 min. Values=mean £ S.D. (n=3, *: p < 0.05).
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Fig. 5. The EEG changes of left brainwaves after inhaled lemongrass essential oil for
10 min. Values=mean = S.D. (n=3).

50

Relative strength

Before Aler
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Fig. 6. The EEG changes of right brainwaves after inhaled lemongrass essential
oil for 10 min. Values=mean = S.D. (n=3).

3.2 Salivary alpha-amylase activity

The standard cure of glucose was obtained at spectrum 590 nm and the coefficient
value of R- squared (R?) was 0.9994, after treated with linear regression analysis. As
shown in Figure 7, the activity unit of SAA prior to inhalation of eaglewood essential
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oil (EEO) was significantly higher than that of it after inhaled (p < 0.05). The reduction
proportion of SAA activity was approximately up to 11.2% after inhalation eaglewood.
However, there was no significant difference (p>0.05) in the control group of
lemongrass essential oil (LEO). Moreover, the evidence seemed to imply that the
emotion of individual would get suitable relaxation after smelt the scent of eaglewood
essential oil. Recently, several researchers have also considered that the changes of SAA
activity depend on the psychological stressors such as indoor environment, gender and
age (Sahu et al., 2014; Son et al., 2014; Tahara et al., 2009; Tham & Willem, 2010).
Therefore, the evidence in this study is similar to those reports described above.

43 B =0
K Bl L0

Amylase activity (U)

Sefore After

Treatment

Fig. 7. The changes of salivary alpha-amylase activity (SAA) after inhaled
eaglewood essential oil (EEO) and lemongrass essential oil (LEO) for 10 min,
respectively. Values=mean = S.D. (n=3, *: p < 0.05).

4, Conclusion
The evidence of this study showed the changes of physiological indices such as
alpha rhythm power of EEG and sAA level to vary on individual mentality indeed.
Therefore, the tools seem to have the potential for biomarkers for quickly
assessing the effects of sniffing eaglewood essential oils on individual physiological
and psychological activities.
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4%@1’% FRELBRE - BAFEHFELRFTIAIP L A a%&%’_*%}éﬁfq b Rl
Il R g FER T ferm?fiJ\ AR R o SR BRI R F R AP M
o AR RBIEIBIERRE > BEPRBEMES T BB R T HMAIE o

22 R

AR} kR L R P HSORLEE L P RER L 2
ﬁ’%?&%*%%Qﬁ#’ﬁkﬂbﬁfiiﬁﬁﬁo+&$%g R R P
FAaRwis o 2 R Fidrd BEGF AP FEFT TR DR EFRARE T lt:_
2REFT O PEBI LA R o N ARE T R T LA MRER U 5
TRV i E Rt b PR ERdpE? > 7 * PEEAATE L EF RF

TR EAD T AT RN B T T R S g T s RS o BB AT 2% 5 H-ASRY
FEGER A PR T RN ¢ A Aol cPASRILIE 4o d T B ook B e L 8
BERABGEF BN TAR) AEE 2 BEASCRS AL 2 BRI RS
& A B4 o

3 HEE 2 RS B4 ABL L HRETT L2 hs
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2021 ?/ﬁfiﬁiﬁ%j{ﬁgﬂ;_}g
BRI RRRSSF (ASRLTS1TE%

BB B ERA S (ASR)E RIS ISR 0 F F T SRS 2 T RSB R A B Y
il b ] A 8] 5 73.5% ~ 26.5%216.8%4r & 197w o 5 BT L RIS T BB E A
1T REfEREC)E(H)~F(0)~F (N)~#:(S)& & (Clz & » e gr 3§~ w4 5 >54% ~
> 6% ~ > 18% ~ > 1.0% ~ > 0.05%7> 0.10% » | * #+ A48 3 @ M= # R 2 &
i 4 7 4 %v5,100~5,500 kcal/kg#= Fl » B %~ 478 % R F4rd 2~ 238 24 - A B ff 45
ASR i 5 fB.58 A 47 44 0 A =) 5 32 4 (> 6,400 keal/kg) ~ i % (> 4,500 kcal/kg)~ % 4 (> 5,800
kcal/kg) ~ 1 7 (> 3,700 kcal/kg) £z % %3 % (> 9,000 keal/kg) » P & & A i #fg » 3= 7 %
SSRF - §d BoefF BB A > B3 A EEE L FFEFT > HERP RE T
FoREARD e R AN FE R FHRREFEI0CH R0 e
%GR R REAE A R P ATEI0% ) B A RER R GRS 0 4
B A5 5 & Ao £ 65T o

%1 ASR=Z 2t higpAr 8% 4K

LR 2018 # 4 7 11 p
¥ e p B 2018 £ 5% 14 p
e R
7B B3 (%) it 2 (%)
WA 0.21 0.21
E R 52.99 52.55
A fEE S FEH 0.17 0.17
'; B4 0 0
P % 9% 7.30 7.41
PN F 4.79 4.81
;5‘ H (7 5mm T 2 jetr) 8.06 8.09
&3 73.52 73.24
kR 1.11 1.18
. 248 & B % 0.86 0.91
I 4E 0 0
e wp (B S B2) 24.51 24.67
&3 26.48 26.76
ok A (%) 6.84

488




% 2 BB w4 ASR

2021 F iR kB B F 3 ¢

At R E

ASR BH» 47 (7~ % » 47 ~ %

MEHE = 2 )—1

tREFR R p 2

2018 # 4 7 11 p

Btk p 2018 # 57 14 p
iR P o B ¥
B 15.8 %
i 4.2 %
¥ 37.2 %
3 0.1 %
yond 0.042 %
Y 0.100 %
JCABE 3,830 kcal/kg
BABEEHRE 3,580 kcal/kg
BEAMEFHRE 3,320 kcal/kg
kA 6.59 %
e A 39.7 %
G 53.7 %
Pl S (GRA)T A &3 73.52 %
P8l (GRA)A B &3 26.48 %
P12 (Bo )7 P L3 73.24 %
P12 (Bo k)P P &3 26.76 %

% 3 BB wi T4 ASR

PR e Rl % R A

ASRMEF A 47(~ % 217~ % MERE ~ =2 = )2

TEEE D Y 2018 £ 9% 12 ¢

Bk p ¥ 2018 £ 9 % 17

e ip|3E P o ip & H o

P73 47.2 %

Z 7.0 %

¥ 4.6 %

¥ 0.4 %

P 0.024 %

Ey 0.025 %
JCARBE 6,030 kcal/kg
BAZEERE 5,470 kcal/kg
BAMEFERE 5,030 kcal/kg

kA 9.33 %

B A 36.9 %

R 53.7 %
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%4 ASR BT L RIS AT % R

SR p 2 2019 £ 4% 10 p
otk poEp 2019 £ 4% 11 p
& LA ASR # £ 3 i
¥ R|IE B R RN i:
BRIy T okF 1.36 %
A b 17.52 %
O 81.14 %
B 54.77 %
i 6.14 %
3 18.74 %
¥ 1.23 %
yant 0.09 %
% 0.17 %
BEEFHAE 5,453 kcal/kg
[l 320 5,113 kcal/kg
45 A EFp44 ASR Ry fEAE A~ 178 E(F % P 2 2019/11/26)
P £ #(g) | # i@ (cal/g) | = >4 g (cal/g) %
F YOk 1.0041 6,395.4 6,395.4
0.1535 6,541.7
i i 6,505.5
0.1410 6,469.2
0.2272 4,569.2
R 4,665.1
0.2186 4,760.9
0.1143 5,816.7
i 5,943.3
0.1095 6,069.8
0.2799 3,714.4
i ¥ 3,891.0
0.3005 4,067.5
0.2982 10,935.1
L 10,916.2
0.2977 10,897.2
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2021 7 g1 T B 5 AT 3 6
%6 ABFEHASREFEL ELITES

TP # 5 p #:2019/11/26
e (TiE 2 8 %% 1 870°C 2 g pFRY 4hr ~ 38 pF 7 20hr
#Pp (A)"ff%'is%w @ | B)ywiis(g) | (C)&x & (%)
@ 1 1.0914 0.0473 95.7
K& 1.2965 0.1233 90.4
e 0.5545 0.0452 91.8
i 3.3253 1.4432 56.6
Ed 3.2624 0.0760 97.7

35 X C=[(A-B)/A]*100%

EEE

1 B BAT EBAR L TG ZHASRPBAGFEEHES SRF» 2 W3k d wic¥
HFASR L Z T L VRFFTRYIT L@ FERAEAE -

2. YE S ABHAVMEEGA FAES KT ASRATROE C SHEF -
BEF B LBRENSRF FEL 2 Bl A o

3. MFFi4:6 & T FhiF R I B o 3 ASR i A8~ LR  Fel23) 5 SRF
o BHBMEES L RPN EARY EFR o AR RREFE o

e
i
<l

3o

10, BpEE 8 g b FRRALBEA /P EOMET T RES ST O
g EE > % 174 % > P.112-P.117 5 (2017)

11, § 7 #e(2017) » % A % T 3234 > ISBN 978-986-398-229-6 -

12, % 545564 > 4 B A AR EGE 2 R S22 HEEL A BE - ¢ EAR
#m % 1]  1639693 - 2018& 119 1p -

13, % G4 E64 > FRE/IE IR EE S 2 P EAEEP L] 1664282 5 20192
75 1p

14, P % E 224 > - BT RAMEDF DL AP AT WS
CN104059712A » 2014599 247 «
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Wt A58 04702 5 9 7 A 46K+900 P g ARG B
Analysis of Slope Topography Changes-
A Case Study of 46K+900 Ming Tunnel Project of Taiwan 9 Line as an Example

*

[
Jia-Yi Lin'" Jee-Cheng Wu?
1Rz FAE AT T AL
Graduate student, Department of Civil Engineering, National llan University
2. Mav~%821 A28 Bl
Associate Professor,Department of Civi Engineering, National llan University

* Corresponding author:_a123a852@gmail.com
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B g4 i x ) "ﬂﬁ§ »a By HatE & %*Fﬂuﬁ?‘@s_g@ﬁ?ﬁf'ﬁ
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FELEFGEFGE O CMBFAS R REA > RREVFAFH IR T
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&&’%ﬁﬁaéWK%Q%jﬂﬁi tk 2O BEFHFERRB L LT T HD
&0 s B g RN 140 TR 30m o FH A

TS S I NI
Im %8m~0.3m £*20m % 0.3m *8m> e L > X 5w F1 2 2 A 1l ~ £ o A
PR P EER ER L T AREHGES o R P R S R PR

B 1 #secd RAE
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y &

URE IR F M M@E‘f?i&&&iaﬁa BARE LA KREEE TR &R e L4 7 2
WH 2 0 s d PlEE o PRI ELOELAFAL > SPRUEFLE D PRED
BRAL Y- EHERTAE 120m 2t y @Paﬁwéraﬁ £ -8 IR
1/3% R 2 & 55K ~ RGNS E T BRI1/3L2/3/PE K572 - LR
Bend BrT v A bt Bizs o B Y *ngim4ﬁa“iﬁwﬁﬁ’
PR FABRFFERF G LA DY B ARARS T L 4t 2 R T A

P BFFo Rl ARG B AR AR 100 m e T*}\lon\n’r'rm?;,ﬁiﬂi i g

)

e BA AR AL B R IR E S S WS AT 2R ke g A i
R FEERREGE L o
B TR IR Yy STt i3

{73 @ * Pix4Dcapture A4t (W 2-1) A W R3] 13 4 ~ &g Y 79
a,2ﬁﬁﬁsaﬁ69z»#3ﬁwﬁﬁﬁo»m%v%£{ﬁ%ﬁﬁwﬁ&ﬁw
2R KT g & F) ﬁzﬁw IR S R e s hoiE ¥R A Fokme GPS i
»1;:,1%,@;: TR AT A e TR I R 2

#i7x2 > * ContextCapture Center & f-{é 18 {7 3% & v“ $i2 o

K
2
T

N

B 2 & 74
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B34 s
2@ AP

B8 DJI
A5 Phantom 4 por V 2.0
ERR ! B-AAA00786
B AR 6m/s

B okTEFRAE 20m/s

BoArRANE R 6km

B REER £ 28 & 48

GPS B iz B , ,
ks 2% 4+/-0. Im(ARF =0 ¥ 1 FpF); +/- 0.5 m

ke +/- 0.3 m GRE =8 ¥ 3 1T );+/- 1.5 m

Bl 4 5 F 22 e 1 BT & R
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iz * ContextCapture skt Efop 7 #icg 11 % 35 T

oor

P&

AR B 120 %

o4 &:B06 ~ BOT ~ B10

& 1 2 B01

Atk & 2L TWDIT = B &~ F

~ B02 ~ B03 ~ B04 ~ B05 ~ BO8 ~ B09

2 2EAIBE R PR A ST

2021 F iR B 4

" TWDOT 4% & 3t o R s
FLHREQXD) | SR NCY) % 42 EL T & ® A
BO1 328631.939 | 2694047. 495 138. 278 ElRk T pE i3 42 5 9 & -149K+700
B02 328627. 862 | 2694040. 301 122. 231 ElR T pE i3 42 5 9 5-149K+700
B03 328621. 229 | 2694036. 641 123. 010 SEFRTERE | FRIE 59 &-149K+700
B04 328615. 359 | 2694031. 851 123. 154 Gl aiF e b Fis 59 #-149K+700
B05 328603. 530 | 2694028. 899 127. 474 xR Tp g Fis 59 #-149K+700
B06 328588. 659 | 2694020. 600 131.990 SFRITPE | FREIMR 59 &-149K+700
BO7 328577. 256 | 2694013. 824 134. 049 xR Tp g Fis 59 #-149K+700
B08 328628. 677 | 2694054. 379 171.525 xR Tp g Fis 59 #-149K+700
B09 328592. 684 | 2694045. 613 162. 365 SFRITPE | FREIR 59 &-149K+700
B10 328595. 485 | 2694051. 836 179. 434 xR Tmp g Fis 59 #-149K+700
Bhe s
1w
FRIEOBITFAETI R ABRE S 97 A 46KH900 & BB A 3 9 200m B9 30me
ARET LA FARBRIALR 200 #F FRET CH M E H 5 FRES
EESRAV VIS - Jugt F AT F 8 5]%1'%?” R AR TR AT 0 2 2017 & B
13 2020 =2
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Bl 5 *¢ 1 = ContextCapture Center & -
L ]
T3 2. T B (TP R :Eﬁ A K P ’Fﬁf‘i T éﬂﬁgyg-" S
& B 260m>f BLARG AR & TG G B i o) L2 50me % 149k+670~149k+740( &,
Fo % )3 B &Tiﬁ%? d“%%wﬂ s iTe by *%Jé&;~uwvw%o

Bl 6 *# 1 = ContextCapture Center & -

AT R ARELR <ﬂW)%§aEW%ﬁaﬂ§ﬂ¢ﬁa%‘iﬁizﬁ

o PR R E AR dE ] R R Rk o T ILR

PEEEH FAURZFE e T A G # 3;@$wiﬁ,&;A PSS

AU TERER L LR TR B E R AEE - S 97 & 46K+900
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P ATz A 0 22019 # (1w )2 2020 # (R S )EFERL BB HLAITE
‘,ﬁi?’***v-“;%ﬁ TERIZR P T RS 1R TIEARL Ko
CF T BER U 2 A KT &% 2 K57 50 4R © LIS S - R
LZ@’* cEAET R AV s B TR Y > 77 (55 142 1 482
EBOFRFV EA RIS PMERFEZ 540 UDAVEHE RIBH 75 4 2 341
i R 1A WA BE AR AR A ERERY ERE
SRR e
3R

F' LR WHE EEF oz 3\:1’:\5”%1__{-@}?'3%94;,\}’;*?“1‘;?‘: HE R » BT R
TEOFFHPLAGIFOFFERIARS A Fr {77 ATiER £ T
}oARE S REBENE I EA O oR S -

L &

1. 4k F B~ T 4ris ~ MIBE -~ HhikE - MR D ~ 7 ~ 3R 3 (2020) > UAV i # 3tk
d R R E AR > P v o 448:7-14

2. B 2~ R H(2019) > #3 it B A PR L 12 PIEFE R ERERETT 0 5
A E > 45(6):4-12 -

SAERF AT ECBEY  -MmEL S Z1A20060) 0 = AT HFRFEAOCER TR A
2kt o BRI Em Y B0 387-396:395 ©
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e R%REEREMHH LSCF-GDC# ¢ K AF v RF 2]
Product Recovery Rate of LSCF-GDC
Composite Cathode Material with Taguchi Method

EagT amp’
Lan Yung Chi ! Yu Bing Sheng ?
1Rz s A PHAE Fh1eFT S Aid
Master, Mineral Resources Engineering, National Taipei University of Technology
2 R AP FThAFY T R
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Glycine-Nitrate Process(GNP)%#& & =2 £ .2 &3 M2 o & & 2z m jimd h
BRREBTES > HEAe i E M F R EE R TG s S
KPS TR T R E R HR o d SGNPHES 2 F i ARY €% 1 2
FHo ET Pl AR A2 ERPBWEHE R ¥ g FEF R ERE
I A AR Py F B LaoeSr0.4C00.2Fe0803-5-Ce0.9Gd0 10,5 > 1 * GNP¥: % &

FRUFLER-F BRI ER-TETAHEME Db v FRHRKZL18 2 2 4
Tt FIF HWONPE S 151 E PR AP v e « AP TR LANFF e 7 0 Ba
Ca~Zn~Cu-~ Mg"L’NIm/’J‘ e 8 - LSCF2GDCE B WL &2 G/Nv - HCe~ La~# k p 3t A
APeRF R TE T RERET 1887 F 2 AF vt F TI55 69.5% 0 B iE
5 928% 580 v RE AT Ny i bl Sl R v R i 934 %
APt 18 B %R -T R 40 1 23.9% W e o A8 B FF ¢ B w o F k< g5 G/IN
Lo, ﬁ*n%\pj‘»&”b lend o BEA v cF e € i 36.9% -

M4tim I LSCF~GNP £ % ~n vt ~ A5 wick « RAHXFR
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Bl 2 v (Solid OX|de Fuel Cell » SOFC) & & & B4 ch— JEATN e R E* > 3% o d 23 R
IRHEBEFUXFRAFE PRI HEE LT (|TSOFC)€~ TR FEEE
@‘.L e I AN }imw#t" C R0 MIFNRAYSE T S ik d o AR AT
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Glycine-Nitrate process(GNP);2 & f| % H s&=fs 22 & JHm pa B ag K& (74442 & & a0
R R BB BUR B oL L3 R AT R SRR S A 0 L e
%éi;ﬂ*" C R Tl hde s K WA R A WS A Y o 22 iR
Ergah 2 APE B3 DIBEIRT M’%“fl G E A
AR -7 ES ISR [4] -

R R At Rl R RS S A SR S R
# iR > R L g %K&ﬂﬂ,ﬁ\—L&ﬁF PR > TR EFE DT &P o 8k
FAPIER PRI P - ZEFFO-FRF N D5 0 FATET ~FiE - 46
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2021 iR R B At 6
»ﬁ\‘ N ?55;—% s
2.1 Bpdeski= R EeiR

R OTRY LB RPRFR KD SV FPPORRF UL TR B READ
2R EIE[6] ) WA R EEFRG R I3 DR A D SOFCIa&RAF & 42
LSCF GDC - # Fg4e™ 1% 1ONApers Bt 115 8 (FpF > 5 5B R 70°C > &

) e iR “H\iéﬁua BRB P Bd o ¥ UXRDA 0 @ % 4k & * Inductively
Coupled Plasma Optical Em|SS|on Spectrometry(ICP-OES) 4 47 o & 47 2. #icdp igd 35 5 (&
e SE Mig? A% 7 E

22 v r L18E 2 443F

AF 3 4% LSCF-GDC iTi ATl s ~Z kg7 fsk v v L1822
2EFFH O ERTHRALPLE L 2T ’—<££A~H NERE IR I S
% ¥+ 2 -k (Level)® mole %4r% 1 #7571 - A F]+ 5 GDC B~ LSCF e 4+ ~ B ]
+ i BaxitLa~-CHF+ s CaritLa~-D7]F 5 ZnB* Fe~E %]+ 5 CuPit Fe~F
3 A MgBit Fe-GF3F 5 NiB~i FesH %3 4 GINW o kg afmit B30 % ¢

=

((I—aO.G-u-verABaucav)(COO.ZFeO.S-W-x-y-zanCUXMgyNiz) O3-8)1-a - (CeO.QGdO.IOZ-E)a

% 1. & F]3 2K % (Level)® mole%

" v & 3t :
¥] 3 w P Levell Level2 Level3
A a GDC® X LSCF 0.40 0.50
B u Ba® i~ La 0.00 0.05 0.10
C Y, Ca? ik La 0.00 0.05 0.10
D w ZnB X Fe 0.00 0.05 0.10
E X Cuz X Fe 0.00 0.05 0.10
F y Mg®~ i Fe 0.00 0.05 0.10
G V4 NiB~ X Fe 0.00 0.05 0.10
H G/N 1.00 2.00 3.00

23 KiEH £ 1§

AT ¥ GNPL 2 W B ILtEP &0 dho v A2 2 £ Lg(2'x3") B2 FH £
m¢%ﬁmﬁﬁ—muﬁﬁﬂummﬁ“%ﬂﬂokﬂ“@%é%ﬁ%%*é%ﬁ#’
A EFE AR T 100°C24H > it A5 0 BRde o Sl Se M EE Ao R HEE | R
PR Tt A S PR EIFIREF RPTE N E B8 BRI PR A
Bk R AR EIE LB R 3R R TR T 1000°CHEME 0 BB EFIEES %
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2~ 5583w
3.1 BeeskiT R A4
301 Bk X kA

Beod RRHEKGGF AP R B AWk F XRD A0 LB A4 G
CeOy ~ LaFy ~ LaFz e 2 fs & * 200 meshirér e iff & B ) ks - i 3 Mf L XRD
o SEIE R ‘;\'/”\f‘?—@éﬂ""’_# F % CeO -~ LaF, ~ LaFz » & 78 & 70°C g 1 | LS @

PR E KA BB RiET XRD A4 & L LaFy 4e@ 1 h»ur:r - LaF,
qﬁikﬂhbkﬁﬂ%mmﬁﬂmwﬁﬂﬁﬁ’B*?imeﬁrnﬁgxﬁm
B wrriam g LaFs aal f&*ﬁ KPR RR SR BT ER 6 mol - LT SR i 3
f2 R 5 (2.74~62.38)x10°% g - LY[2]

Y
#Codl,
® Lal’
o ok ;f & Lal.
(a) Brwi e Ir* | f '
-F““"'“«h"'\-..,_ LY i ﬂll H :' A ak
- T g - - - He L - o
Bis]
c
=
=]
o . | '
o | EEEEm A, ' 1 1
= et ak o] = [ *
E S ‘\__ S L S Ly PR L T SR W N
z
k=
. | :
fo) 4 o 2 i '
A S T - A L WS L S
T T T T T T T T T T T
10 20 a0 40 50 &0 70

2 theta (degree)
B 1 AA¥k=Ekiz XRD B
(@)L 73 15 2k 45 (D)3 & {5 $2 k45 (C) A RgZ P2 k45
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2021 TR B EHF T €
12 BaRTEL

A pe kTR it S5 LA Y ad AERA BT I RARY
PRt BF 4ot 31~3100 A4 b LA BB R 0 F L1 WA R
rrihR A ER o it * ICP-OES 27 A& A7 B%4rd 2 *r7r 3 dipi A s
~% 5 Cer=x&AAL L LarHduw A2z ER A4 5 Fe~Ca~KirAl-

La,0;+6H — 2La’ +3H,0 (3.1)
Ce0,+6H — Ce* +3H,0 (3.2)

CaO +2H — Ca’™+ H,0 (3.3)

StO +2H — Sr'+ H,0 (3.4)

Fe,0; + 6H™ — 2Fe3" + 3H,0 (3.5)

2La*" + 6NO; + 6H,0 — 2La(N03)3(aq) - 6H,0 (3.6)
2Ce?* + 6NO; + 3H,0 — 2Ce(N03)3(aq) - 3H,0 (3.7)
Ca’" +2NO0; + 4H,0 > Ca(NO3)yaq - 4H,0 (3.8)
Sr?* + 2NO; + 4H,0 — Sr(NO03)y(aq - 4H,0 (3.9)
2Fe®* + 6NO3 + 9H,0 — 2Fe(N03)3(aq) - 9H,0 (3.10)

Fd ICP-OES #fiplMeh~ R kR » ¥y &1 64 2 B Apde Lo k7R @ #rikeh
e gd wie T B aeE 10 SUERPEE TR > VU w T 6.71 5. CeO, o ihpLIA L
Rk ARBE S 7692 Wtd 0 H =t 2 Lap03 ¥ 5 1.97 50 (RAEEIER R E G 2256
Wt% s @ Riad 5 099 5L H7_XRD #ar 4% 5 LaFse

22 EARYEAFRRAEIBEE I P2 B0

Element Concentration(ppm) Compound Molecular Compound (Wt%)
Ce 546342.00 CeO, 172.12 76.92
La 167859.75 La,03 325.82 22.56
Fe 299.98 Fe,03 159.69 0.05
Sr 0.00 SrO 103.62 0.00
Ca 1289.27 Ca0 56.08 0.21
K 57.44 K,0 94.20 0.01
Al 1142.47 AbLO3 101.96 0.25
Si 0.00 SiO, 60.08 0.00
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32 GNP &% & % w e

AT *GNPL F 2 FHREB R &2 5 F]7% Lg2'x3")w 4
18 09 % etk B RRPELRAL LR B HDTRERE TR RA R 5 2
P Fant g o

AT *LSCF-GDCisz AR T e s ~F kg7 Fs%k o€ * v r 18 8 2 £
15ﬁﬁ%’ﬂ+£kip% e ERFTRAL B LR A 2LTF]F 0 - TXTA-HNB
A& TG ARk S8 L ] 2ok (Level)¥ mole%dr £ 1 #75F - A%]+ % GDCP~ X LSCF
g9 At ~BF]+ ZBaP~iiLa~CF]+ i CaP~La~D%]+ 5 ZnB~itFe~ EF]+ 5 CuB~ %
Fe ~ FF]+ & Mg® *Fe ~ GF]+ & NiZ~*Fe ~ HF]+ % GIN o

ArdeF EE G BRGNP &2 F P s R EFRLIAKRSELZ LR Y GNP & =

FEL A SR ER R E R IR E B o (3-11) frow e

=

FASF ek =GERB AL R /GNP 24 ¢ £)x 100 (3-11)

Ab P LFLarFHhR? BEEDERESEEEFHY FFRGNPE 22 & X il &
BEEAE S o N (3-12) #iw oo

A s =1-((GFRE 2 LR REE £ ) AFRE )X 100 312)

cmmmmﬂ%m%:’agmwgﬂm@Nwﬁﬁ%ﬁ4%%*@£&’if%%
FReid B4 REEGIN et F g1t @ F orec s o c%éﬁwemwﬁiaﬁﬁﬁT’
EEGNPE ¢ A2 A% L p NAFWENEFIR €5 TR E[7T]n AP ¢
mmﬂa@Nwé3%(W4H$’%%3&F@§&ﬁ?°*P%%ﬁ’$6m“?3
R AT 0 §F P RRRS AR R o ?ﬁ@ﬂé’wﬁbﬁéifﬁﬂ
PRI AcE S 3 @ H R IRE DR BRIS VN AR S 5L Q.\Lu/_w_}iﬂb 7
“F@ﬁﬁﬂgp@&ﬁﬁmm@%4°m*q F it B SR ¢m&mﬁﬁ

CERN B ELT E 0 RINA LR R PR St 5D f?méﬂ%%ﬁﬁ e
;éﬁm%%%%%i%%%?%ﬁ%imﬁwM?%ﬁﬁﬁ%#ﬁ’“#ﬁ%ﬁ“E
Fok @Bl AR 2EDT RS “?Lnﬁ%ﬁﬁmﬁéﬂ*%ﬁﬁvﬂﬁﬁ
et Mg & AG/N 5 28 3 ((FIFH2 H3) e F SiF 27 o i F
4216 100 i & R F] > dodk 34 o
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% 3. L18 e F % #AECNPE =2 A P vy S e £

¥ FERIBE(Q) GNPE AR E(Q) Aok BF  1000R FIES E()) Ad v icF

L1 10.23 9.16 89.5% 8.82 86.2%
L2 9.73 10.79 110.9% 8.12 83.5%
L3 9.22 12.23 132.6% 5.55 60.2%
L4 9.68 11.17 115.4% 3.84 39.7%
L5 9.43 8.86 93.9% 8.40 89.1%
L6 9.44 10.34 109.5% 8.31 88.1%
L7 9.47 10.33 109.1% 4.17 44.0%
L8 9.22 8.84 95.9% 8.55 92.8%
L9 9.23 10.35 112.2% 8.54 92.6%
L10 8.00 7.22 90.2% 6.94 86.8%
L11 8.00 791 98.9% 4.51 56.3%
L12 8.00 11.25 140.7% 3.87 48.4%
L13 8.00 4.33 54.1% 3.10 38.7%
L14 8.00 10.73 134.2% 4.40 54.9%
L15 8.00 6.41 80.1% 6.24 78.0%
L16 8.00 6.95 86.9% 5.46 68.2%
L17 8.00 11.62 145.2% 4.33 54.2%
L18 8.00 7.64 95.5% 7.21 90.1%

AR ERAY P AT - TR OF S F AR 2 97 0 AL vt -F S E S G
A1 B3 C3D3E3F2G1HL (AL F1+ 5GDC%3¢ £ 40%-B3 7]+ 5 Bas-iLait #;5% ¢ ¢h
£33 010-C3 F|F 5 Cap-tLait &34 ¢ chig AL 010~ D3 ]+ 5 ZnP~ A Feft £ 4 ¢
ghi Bl 010 E3 F]F 5 CuB~*Feit £ 8¢ chi Bt 010~ F2 F]F 5 Mgs~ S Feit £
¢ chi Bt 0,05 Gl F]F L NiB~iFeit #34¢ chi Bt 0~ HL %3 2 G/N» 1.0) o

Adw e -5 F B B 13 S H (G/N')  #Rangefs & 38.67 » i > GIN
\ s T L3 4 LSCF-GDCehi 4 w fe & » 4ok 4 57 o

AF]+ 5 GDC % & LSCF® chx B » v 7 & » H % 5% &1 LSCFEGDC1t &) 5
6: 4P Hithafy e .

#%iEF)+B(Bar~*La)~C(Ca’~*lLa)-D(Zn?~*Fe)~E(CuB*Fe)¥ 3 3H >
¥ 4% BaCasZn Cushjfpbe » R AP E RGP F 502 A A< 0.10 pF
EREGHEP P T ETEML

¥+ F (Mg®~ i~ Fe) E"J"'?,"’]?%t hAF Y oo NP i Bl g 0_055:5,#%,}5 5
A o B TR

515G (Nis~itFe) &A% 5% 87 » LLSCF&HE i 4cNis-iFe % GNP £
* LSCF-GDCe1A 4 w J 5 o & ¥ " FNicrif 4o > A Fo w o5 %8 Mg B+ € "2 3 4 o

PTG Mo A v e (F15 AL B3 C3 D3 E3 F2 GL Hl)ie 7 4p ke 4 St s @
Sk o Ak it 97.4% 0 A w e ik 93.4% > 4ptw v 18 23 b S dkcehA v
Jo o T 39:0169.5% > e 1 23.9%A ¥ e o Aok 5 HrF o
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FRGEHT o Fhed bRl ERBA D HONPRES S22 A5 g& SRR

Mﬂi‘m; T R F] AR R R AR e v ’vd#hﬂ?m FREF afﬁ%“ o @ LGN

] be b F]S EAE B 'Pg{iﬁﬂ“ > T l’f—F ";‘ Fjﬁﬁ*%/‘\’ffﬁﬁd fj&ﬁ“‘? P":"d Y &E

m@:lﬂ%'“ AR EE 5B RN e ﬁ’xﬂ%‘ﬁ SR S BIH e 1R R A R k’GNP
G e TR LR s

100.0
o\ S e A
S A VAR A NN
40.0 -
Al A2 B1 B2 B3 Cl1C20C3 D1 D203 F1EXE2 F1 F: F3a G1G2G3 HIHIH3
Levels of Control Factors
Bl 2. A9 vie - FHF DT+ F ER
SRR PN S SOOI EN S
AVG
A B C D E F G H

Levell 107.67 11046 90.87 106.87 106.12 105.80 109.56 90.84
Level2 102.85 97.86 113.16 100.69 10496 109.71 107.49 95.42

Level3 107.46 111.76 108.21 104.71 100.26 98.73 129.51
Range  4.81 1260  22.29 7.52 141 945 10.83  38.67
Rank 7 3 2 6 8 S 4 1

%25 FFHGNPE =2 A v e FHciE &

il TRRIPHE(9) GNPE X E£(0) 474cF BF 1000BRBIESE(Q) AP wieF

L19 9.00 8.77 97.4% 8.40 93.4%

506



2021 F g k5 5 AT 6
BE-5 W

*Eﬂ ﬁ” | E i Z\ L13(2 X3 )13—1” Lﬁai Vg H }%}:q) %ﬁﬁl j’,‘i”]': -k ﬁi/éuz //] 4rBa ~
Ca‘Zn‘CU‘ gblaNl,b-%’j'l'[{;l—,%béllzﬂ_'%rd]sl«$IL*W{}'L'}‘;i“l
Lag.6Sr0.4C002Fe0803.5-Ce09GUp 10255ttt » £ #-& SR AL & F AP w e F 3 X

o

1. S ICP-OESA~ 7% % 81 > Faie P woz 2 Aok =ik 3 3 £76.92 wt% CeO, % 22.56%
Wt% La203

2. AT AFHRY BRAPLFIRAA PCeE La & & JILSDF-GDCH & H L T & A
‘fcey”ﬁ%, ﬂ!/ﬁx t‘,\.j\a F‘/},%(_F_"qu*?»ﬂmo

3. 18E’ZFE'55§9:W7§47”?"’1(-1—1£” 69.5% > I T H 592.8% ciHiEn v R A
FH D w e F R B BAFC e FHELEIB34% 0 p 018k BT 12
B e 7 23, 9%w~»]u o L8 T I o W ok P h /NI H AT e bl
Ao BEA v e F g £36.9%

34 2

[1] BB #K(2006) : Z2RLT 4 hRIT S B - 22 *T# 1 EHFT R

[2] Osamu Amano, Akira Sasahira, Yuko Kani, Kuniyoshi Hoshino, Masakatsu Aoi,.(2016).
Fumio Kawamura.,Solubility of lanthanide fluorides in nitric acid solution in the
dissolution process of FLUOREX reprocessing system. Journal of Nuclear Science and
Technology, pp. 55-60, °

3] & F (2010) 1 GNP i 2 & B 143 1 & 3 ¢ BAAKF 5 9 T hEHA
S0l ALt R AMPHEAEFT RIS T AN

[4] W. Zhou, Z.Shao, R. Ran, H.Gu, W. lJin, N. Xu, “LSCF nanopowder from
Cellulose-Glycine-Nitrate Process and its application in Intermediate-Temperature
Solid-Oxide Fuel Cells ” , The American Ceramic Society, vol. 91, pp. 1155-1162, 2008 -

[5] % #229(2000) : W= 7 < F1fepH k> w v 2

6] iT:£#%(2016) 1 AR Fe kA ¢ wcqb A AMAGF UK AL P FBETS LR
1t #% Lao.ssSroosCao.1Fe0sC002035-Gdo1Ce0o025 » FAL T Z » W2 F A L+ FF
AR AT A

[7] L.A.ChickL.R.PedersonG.D.Maupinl.L.BatesL.E.ThomasG.J.Exarhos. (1990).Glycine-nitrate

combustion synthesis of oxide ceramic powders. Materials Letters, Volume 10, Issues
1-2, Pages 6-12
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F17 2 RF B R ST GEE R B2y
Study on removal of volatile organic compounds by metal-organic
framework composite material

oo, 0¥ 1 S & o 2%
RN R o 4

Yung-Yi Hsiao *, Chang-Tang Chang **
IRz R 1R <54
Student, Department of Environmental Engineering, National llan University
2 Mz ERBIAE L KR
Professor, Department of Environmental Engineering, National llan University

* Corresponding author: ctchang@niu.edu.tw

B 2

BrEk AP geiFiF iy Rt 35 ST il Ffoga £ gy
t£3 - &4 (Wolatile Organic Compounds, VOCs) FEd 47| & F & ¢ mﬁ&a‘ R RE 1Y
WA AP FEE R F? L RAE AP FUE- AEI [P E W - AT
,T;' S R-TFH £ FF 18 F % (Beta-cyclodextrin-metal organic framework, S-CD-MOF) »
R ¢ AR TR R R eRp fhe 818 B-CD (0t £ & A 05 22 m7g) Aps o
B-CD-MOF chs % B { % » - % 6 4 { (7 £ 869 m?/Q) o i d> i 3 fr b B »
-CD-MOF %% /8 T $+/ fh ok itin 4 7 & 211 mglg » % »+i8 Ba (R it 4 09 192
mg/g) o ¥ 5d %8S kR 4r B-CD-MOF #H73 fip s 5 5% 3 B & g i 4 o
Pddd B EF s R T AR F A AL G R T I SR AR L hn
Filod 4 A3 5% @ SOfF BB P #F 2 fnE o BRI iEY L
W7 5 0 [-CD-MOF s # £ 45 & * (2 id > Sifw =0 F %% > HP et + 00
K4 10% > FF ¢ $ VOCs 4 skt - BHER G £ - B3 A@Fonifa & o

MeEF Am -~ &BFT BT R BbPKH =g
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1 a‘l’ S
. v

SRk Sl s E_F‘« (World Health Organization, WHO) sz & » L8 (25 $81 & 4
(Volatile Organic Compounds, VOCs)&#_# 8L % 50 & 260 Ceng it &4 o v P AL L &
FULAROPHI T LA I H ARG 5 GF T I IV R ERERE [1]-2 ¢ >
FRMefF®E LB E? g FmanL A &5 2 A I F 0 AW
ERIMER [Bc P o EHPMAIL: SR S AP ¢ 55 g [4] it §
v [B] > F a4 RiibF i [6]F o TR LR ¥ B 2 KA BH B HHE G [7]
B¥ @ * aonpd) S E et (Activated carbon, AC) o T Hpk B G g aE endt "-‘—"—’h&ﬂfr':s 4.
B 2 RA AR R G F R R - EEE g H [8] e AC
*f?ff%‘ [ e %‘rﬂ»'ﬁf e A REHEPp RO REE [9] -

SF O PR R ALY S o & g 1 B T E VOCs "l“fﬂ‘ﬁjﬁ‘ﬁ“ﬁ‘?
Gil ¥ (2014) gk E R ool R VR T R R e
At & ik et S T T ¥ eso £ 127 mg/g & < T) 288 mg/g [10] - Shu
$4(2016)7 ¥ AgF IR o WAL G A b RIEE R LG F A A 0B E i
s 507 -20nm#EREN eI T o p e e [11] - Qi # 4 (2017) %
ARG T IRk S e X I A g R Ap i e sk o 3 VOCs
G R Y AzBE4ETEH* o d Almazan ¥ 4 (2007)rn/£TI B o i g ¢ A heiat
WAL AT FAAF LR > ¥ 2G5 2§ AR ¢ IR gfof amrg [12] -
Ghimbeu % 4 (2010)% 7= 7 7 % A @& ¢ ﬁgﬁwg? fe% o Barg § ABT LR R
4 [13] ° Liang % % (2018) g :& (74 F A'ifidt » A B % HF e 2 25 T B > 7 U
Hiep e F E4]od 2V R 2 ARME SRS TR F T AT L AT
[14] o - £33 A e on s dv i p o B FI5 Find dod oo fe &7 JEd Hhk L
TRBEFLPEs T E[15]e 2 P T AR HEREATF 27 Flogn
=% VOCs 2 4~ 32 it e s i7 % £F3¢ » T 3F 4158 2 VOCs(4rd fif )2 24l f 24 55 4
1 VOCs 2 s ' st » P 877 I3 24 122 FF B 7%[16] -

WE KD UET A RBE a4 {82k ok BT 1 F 2 (Metal organic
framework, MOF) > MOF Z.d 2 B+ fr3 ¥ i # et hg B3 A i
[17] et HHEEF B Ao M FRFRBfcPAENI BT > 7 g B3 7 W5
B R F B FRMEES e A BB [18]0 3t AR SRS
MOF s %ty 4 » 7 i i ok & B 33 5 &7 {4 (Cyclodextrin, CD)i& 7 £ % & »
T EE - kA A a0 B-fr y-TR M o & MOF(Cyclodextrin metal organic
framework, CD-MOF)[19] - CD-MOFs & f t & fifri A3 & 5 2 g o &)
Aol 8% % B b 9] - COp £ 1-CD-MOF 7 e infy WIS 57 2 7 353 4 £ [20] -
¥ 1% y-CD-MOFs # #5372 @ 44 & > -7 fE3 it [21] o y-CD-MOF 7= 7 % 3%
B A E ARt 1.2 MPa T RJE 12 ] BRiS gt F £V 2 B 2.7 £ 0.59% (Wiw)[22] -
Al-Ghamdi % « (2016)% # * y-CD-MOF it {7¢ fEeast » Hexsgix 4 ¥ 312 53 ug/g
[23] - Li % « (2018)% i * y-CD-MOF 4 &t CO,fre A (CoHy) e & F+ » 18 v i i§ 5
=: el Il ;ﬁd v-CD-MOF =% *t CO, 12 & {5 8 45 & 11 CoH, [24] -

T AP AN A ROk BRSOk AR R LA
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#7578l CD-MOFs 7 124k & 4 122 B 417 > $0mm p 34 wil i 2B 4 % 65
Flp A FT G 2 B s 453 CD-MOF AJT4E% {4 F 454 22 A2 18 4] -

2R HINA

2.1 Hlfe 2

B-7E 4 4% (B-CD-98%)p p PanReac AppliChem (Europe): & % i 40 (NaOH)pEp Nihon
Shiyaku (Japan) > ® & (MeOH)rp Honeywell (Germany) > #73 H @ it § 8355 & &g
BT B AR R o

2.2 B-CD-MOFs & &

4 3 B-CD (1.46 )= NaOH (0.48 g)i% f# .2 &+ -k (20 mL)¥® > 2R s 7 4r MeOH (50
ml_)ll A 30°C ~* i%:ﬁ% 3 AR ¢7 X o f ﬁ-’-@/}é”‘rlg Jend 48 0 @ * MeOH &% 3
Seo %4 B AL 5 B-CD-MOF &y i » CH.ClL ® 3 % » i #ifi 51 3 40°C 2
LR dok 12

P-CD 1.46 2 MeOH S0mL, 30°C Use MeOH wash

NaOH 043 g MeOH vapor, Tdays [-CD-MOF

3 times —
| — "’= — W "’__ — F
b - (— [ b - =

sigy | =9

Distilled water Filtration CH3Cly, 3 days Dy, 40°C, 12 h
water 20 mL

W1 ORI AR

2.3 L

$# * Advance D8 X &4 jiw &+ ik (Bruker, MA, USA):E {7 & #8454 4 47> & 40 KV {40
mA T & * CuKoa 5 #+(A= 0.15405 nm):& 7 X &4 fi7 8+(X-ray Diffraction, XRD) 4 47, #%
4] 5 Rigaku TTRAX 3 > # 12 0.5% min shdfd5 & 5 2 0.02°4 $ERF [ - 3 - 40°720 & &
FRIEFRIE - #ori * B E LT ui(ThermaI gravity analyzer, TGA) % %] STA(Perkin Elmer
Inc.) » 7 #-# 5(3-6 mg)r+ 10°C min™ 4r £ :¢ = f£_40°C 4 £ 7] 600°C o

fI* X £ F F it 3% &k (X-ray photoelectron spectrometer, XPS)# 1z #* 3t §_— f& * %]
TP A F el F N ferr g 2 AR V&2 R 5 o1 5 Theta Probe (Thermo
Scientific Inc.) - & * # 45 ;% 7 + ¥ #c4(Scanning Electron Microscopy, SEM)gL 2w i 4
g4 #3 & JSM-ITI00 (In Touch Scope™) o i * i = # 4 & = *h % 2 (Fourier
Transform Infrared spectroscopy, FTIR) - # 4] % Nicolet iS10 (Thermo Scientific™) » Fx:%
Foae B e

HiBF F 2 A 7 R (N2 adsorption/desorption analyzer) » 14 g f# B-CD-MOF 1+
Zwm AR ICH A WA 0 A5 5 ASAP 2000 o i * F 4 R 7 LV ladES it i e % (Gas
chromatograph flame ionization detector, GC-FID, Clarus 680):& & ¥ ¥ > 14 By f# 7B 3% 1
}}.’i’_v}" uﬁ A
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3% 8%

AL SRR L LG PR F AR AR AR
2o fheratie <ol ~ B Ra 4 2 #AETHE > 2 {1* XRD ~ XPS~ TGA ~ FTIR ~ SEM ~ BET #
FERBEAHMPELEABZEM T HofrdEdoT o

31 FPEAir e
3.1.1 XRD

HiE Y iR A F PR AR H < MOF» % B-CD-MOF- 2 B-CD #p +* » B-CD-MOF
X ST G P AR (B 2) - B-CD h XRD W@ § 3% S04 > 5 d 20
B 5.6%fr 11.2°503 1 2 % #7B~ X o & XRD Bl ch% v » ¥ B f2 B-CD-MOF # B-CD 2
ERYPFF R REHERY VIFRT HEOLBEHE- B-CD-MOF B s 0 XRD

B+ &7 B-CD-MOF ToE k& i B> ¥ iFa B-CD-MOF 7 3 e 28 ,]L Ao PR ‘T t& e gy
WS S RURE -

m— CD-MOF ufter ndsorption
e p-CD-MOF

— pCD

Intensity

3 SEOTIOL, RO

._I‘._ .IL-J WV .AVI_A_,L\UW'V) L,J.«)'_AAM,.-M/%\A:\MA
5 10 15 20 25 30 35 40
2 Theta (%)

W 2 PB-CD 4r B-CD-MOF &1 X ¢ 3 i+ b I 3#

3.1.2 XPS

i H 5 X a7 5rx 2 B-CD-MOF s 48 % 4 < B-CD-MOF 1 XPS % % &7 ) Na
1s ehip Ji5 ' - “3%£ﬁ"$ﬂ%¢$BCDMORﬂ@3nﬁ@8@ﬂu—mBCDMOF
24 Nals~OKLL-O1s % C1s chip % » @ % B-CD-MOF 5Bt fs » O KLL~O 1s
2 Clserfp iu% 3918 3% o Nals ehdp ok o 2 » 15 i Fearifies > & Haps ¢
BRSO AR S R E s BR A s BT BT EL 22 Nals ehip g
- N
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o firCD-MOF after adserption
— BCDMOF

/ "‘ .”M {
\ |
Lty i
1

1000 800 600 400 200 0
Binding Energy (eV)

W 3 B-CD 4 B-CD-MOF ¢h¥ $ X &5 47 &4 B

3.1.3TGA

B-CD-MOF s+ B+ 5+ o B 4«0 TGA B ™ ™Ay j3H 4+ o & 100C % & p&
B-CD ~ B-CD-MOF % 5 it B-CD-MOF % § 284 € 4 % » &8 d 30k o chg o
ST 3R elFA% o B-CD A 300~350°C 2 ¥ » € ® &@ 2 » d % B-CD #2354
iz %= { ] a3 o &fgégq\mﬁ&mcozvfr HyO > d % B %% > B-CD & % e
EE ST LR o2 B-CDApt » B-CD-MOF 7 % H_w v B B 4 15 » % A 200~300°C
4 A ja o d > B-CD-MOF & 4 #. 5 F it B » ﬂtb@iﬁﬁ*mm}im@ 45> B-CD i€ o %
f#15 e B-CD-MOF 4 £ #]7 30%:hE £ » & s wgs e -CD-MOF » € 22/5 445 4 5
oo 38 % COfrH O FIE R endf & { 5 P& > BT 20%chE £ o

10
= HCD-MOF after adseeption
N\ — [HD:MOF
80+ | — MO
\
|
0 |
< 607 ‘
7
$ »
=
< 40+
=
204
0 T T T ]( T -
10 200 300 400 S0 600
Temperuture (‘C)

W 4 B-CD 4r B-CD-MOF &#t € 4 47 ]

3.14 FTIR

LAF T Y 0154 FTIR %38 f# B-CD-MOF . *f#t’*%rﬁlﬂ AT RS :

B-CD 4r B-CD-MOF - FTIR Bl- # % % & B-CD % 3400 cm™ 4 O-H ¥ i ;2900 cm™

T CHz # ® ; 1600 cml"ﬁ H-O-H 7 i B ; 1100 cm™ i3 C-H 7 s ® - & &

1000 cm™ ¢ i B %2 C-O-C - & B-CD-MOF s 4 3 » B-CD 73 F it B %

B-CD-MOF + % 3 o » & 2900 cm™ 2 + e CHy F iy B 8 % % & % > ¥ & 1250 cm™
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2t FERCN T W o 7 B-CD et i W F % &2 B-CD-MOF » 377 B HAEE -

—— @D Ch COC
——B-CD-MOF SN
300 3000 250 2000 1500 4000
Wavelengthierm™')

W5 PB-CD 4r B-CD-MOF tni& = # #3¢ 4 o k3

3.1.5 SEM

B 6 i B-CD 4r B-CD-MOF ¢k 5 kg fick ) o B 6(a)-(b)~ & & B-CD 1 SEM

> H 6(c)-(d) % B-CD-MOF 1 SEM Rl .- # ¥ 4v » % B-CD 4- MOF 28 = o &

A5 H o B-CD Fih= ] gt o ik te @A WS MOF 2 18 7 BRI 3 &
BIR -4

-
T

W6 B-CD 4 B-CD-MOF ¢k 5 B4t ) i

3.1.5BET
B25C ~ - A FRTEF Ny BIRSRGT B o 4B T 477 o 4 E IR SORH RS
FUHAZERES A EER) > £ PPost 58 L EERDE - Bt vvi
FEA SR Ien R o A EEARHRA b BT R S K Al TS
BRPE o A BT R U L o 1% B-CD (0 & G 4 05 22 mP/g) 4p vt » B-CD-MOF
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= £
G

=
i
B

2 . B
g = &

Pore Volume (cm?/g)
[—]

¢ 3

00
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SRLB AL A (FE869mYg) o Bl 84-Hl 9 5 BIH s mirgit A fi

“iF R BRI TP

THO 4

00 1

200 o

400 1

T

200

LEUL]

== Adsorption

—— Desorption

] 0.2 LE] LX LR 1

B 7 Ny %sR S

BJH Adsorption Pore Distribution

] 20 an 40 M 100 120 140
Pore Diameter (nm)

W8 BJIH =3t & fH

BJH Desorption Pore Distribution

-

20 40 6l 1] Ty 120
Pore Diameter (nm)

B9 BJH ¥t A i
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32 LT s
AR AR E (FE ) SR F W WK ¥ ¥ GC-FID
W MEEATRF A SR A o JI R R AIRE N EIE - R 0 T2
* GC-FID:EFH T2 ER > N1 ER FRFE&fcE T > T3S G 4 o
P g% E a7 FkR (200,400,600 &2 800ppm)™ 5 ik RAXE 0 R TR &
B AR > i 4 AXB o % B-CD-MOF*tw & » ik R T » H 7 3 pFR A w4
13010070 £ 68 ~ 48 > - F B T P EES A 4 A B 5 145196 ~ 197 £ 211 mg/g
BB o ita 4 (211 mg/g) % s MR 2o Bt 4 (0% 192 mg/g) 0 4o @) 10 Fror o

1.04
/ 200
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