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The Effectiveness Evaluation for the Advanced Air Pollution
Control Devices Installed in Formosa Chemicals & Fibre
Corporation’s Purified Tere-phthalic Acid Plant in Taiwan
ayels a3k 2 a3 At B FERS
Hsin-Kai Wang, Sheng-Wen Wang, Ming-Chia Chiang,

Ta-Wei Shen, Yi-Chuan Huang
- 4
Formosa Plastics Group
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Abstract

In the past few years, environmental issues continue to receive attention from the
public; hence, most of the petrochemical producers from in Taiwan invest heavily in
the improvement of environmental protection equipment, especially in air pollution
control devices for achieving better performance. In order to elevate the treating
efficiency of volatile organic compounds (VOCs) in tail gas of purified tere-phthalic
acid plants, Formosa Chemicals & Fibre Corporation has introduced regenerative
thermal oxidizers (RTO) to replace outdated catalytic thermal oxidizers (CTO) in both
Lungder and Mailiao branchs. RTO has strengths in high heat recovery efficiency, low
fuel consumption, and better air pollution removal performance brought by high
operational temperature; therefore, the VOC concentration in tail gas has reduced to 34
ppm from 100 ppm (removal rate increased 66%).

Keywords: Purified tere-phthalic acid plant, Regenerative thermal oxidizer, Methyl
acetate.
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IR fs - VOCS #2016 IR i i g 2 222 iR (150 ppm)[1] - 2 MA
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FAFRBERE K CTO { & 22c ¥ d % RTO # %38 B (850~920°C)#
CTO(370°C~450°C)% » d CO #:4ch R 2 %A 7 S s 2 2 0 2 7 & 4 2
% 69.6%(RTO #k fF2 %413 * 5 7,482 i+ ~/# » CTO 4 2,278 ¥ ;u/:a) s &
SR LG E

% 4.CTO 2 RTO % # 2. 3k B v

WAL F o VOCs co MA
B CTO 2z #:c;k & (ppm) 100 171 13
# itz ¥ RTO 2 22k & (ppm) 34 54 8
FE 66.0% 68.4% 38.5%
= B
L 5 PTARUEREE CTOR IR A B3 §FA4FH bR 7 1B &4 Ho

2. HEZ N RTO 1% % 15 » 4 VOCs~CO 2 MA 2 3k B » 2 CTO {
B3 ﬁ;gk,.,;;o

3. r' /‘41 ‘l-‘i'—r’\I% l$r}: VE%)‘ - ,E %\#‘E%r—g &E{: AR * j\:té’;-;}a“: §§’L]~ _ ﬁ,\%fr
FRI ST s
I ~FT2R

1 i’? F* W 257442 #3iB > Ty R EF 0 2013
FAE(e BT R) > FEIRITE 2HFELF R

https://ghs.osha.gov.tW/CHT/intro/MSDS.aspx?casn0:7D79CFB4E2E3F7OCC75
D7E699FF4333D -

3. ALH M WP A F R EE LY o AN £ & > 2007

4. F o 1 FAE G i ndrgrd] > pLE A 50 2017 -

5. R4IZT A AEFHANH R L E ARG T2 AT R B2
A BRE1RFAY Mr/;ﬁ_mv » 2019 -

6. FILE2PRrRZE L WSS MR L F Aok € TR RES
2020 -

7. 25 % ATALRALRERSZ A 1 E RS Lcd T4 FRREE R
# 5% 52020 -



DA A SRS LRSS R PRSI CE Yty
Characterization of Platinum Nanocatalysts Deposited on
Funcﬁonaﬁzed(larbonIVanotubes

L CE R H B g F RS
Yu-Chun Chlang, Pal-Hsuan Wu, Heng-I Yueh, Chun-Yu Lin, Ching-Sung Yang
SR S LR L

Department of Mechanical Engineering, Yuan Ze University, Taoyuan, Taiwan

K2
A FT % #-% K B¢ # (Carbon nanotubes, CNTs)+ 1 & %%ﬁ‘rié? [ A
(Polyben2|m|dazole, PBl)# % > £ J1* F jicre 2308 & 6 Aff 2 F Pt o 71
CNTs e o Fae it »:c 2 B2 X Pt 3 anfostid it 1317 4 o g
Feg CPEFRLEAG AR E A2 PBI 2 HpEA e B G rsm%‘w
PO R REL BB g A S - o FIR S @R 0 {1
;wgk;ﬁl_& » PR E I E MR IR o BT 7 % IR 0 PU/CCNT 4 PYPBI-CNTs 2 Pt & i”?f{’_
j@ 4w G 255 £ 0.58 4+ 3.51 £ 0.80 nm A ff & PBI-CNT # & 2 Pt e fi it 42
iz > e PUCCNT 2 #ug v ac 4 i PUPBI-CNTs 2 5t Ptz £ & it &4 i P
BRI A4 o e e 8 PUCCNT 2 Pt 1 & Pt & 7 (52.2 at. %) »
PUPBI-CNT p|rz Pt ()3 i (735 at. %) ~ * F &1 PHIV)A §  PUCCNT Ar
PUPBI-CNT 2 3 i* % i {25 44 (ECSA)4 & 5 51 {r 56 m¥g » H> % * PUC 4
%'M%ﬁ?%ﬂé4MMMMWUﬁJMMMPmCND % T4 1% 600 Bl
ECSA ecni gp 5 AWl 55 8% (Pt/cCNT) 9 % (Pt/PBI-CNT) ~ 4= 75 % (Pt/C) - #=
TREET  RIFAT C & PBl £ | CNTs $57 1 Pt § »egf 408 F 1 # 5 e
waﬁ,?ﬁWM%éﬁamgﬁ*%ﬁﬂPma+ﬂ@mwwﬂo Pt/PBI-
CNT ehi - B4 ¢ - 7 a0 0% k p Triple-phase boundary z 5t g eh) = o

MAET A~ F AT I HRBEA TR

Abstract

In this study, carbon nanotubes (CNTs) were functionalized using citric acid
(denoted as cCNT) or polybenzimidazole (denoted as PBI-CNT) and Pt nanoparticles
were then deposited on the functionalized CNTs by means of a colloidal process. To
improve the interfacial interactions between Pt nanoparticles and the CNTs through the
functionalization of CNTs. Citric acid oxidation is a commonly used method for
introducing the surface oxides.
A B RS ko Bl
E-mail: ycchiang@saturn.yzu.edu.tw
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PBI and its derivatives are some of the most promising candidates for high
temperatureproton exchange membrane fuel cells since the proton transfer occurs not
only by the vehicle mechanism but also by the hopping mechanism. The results showed
that the average sizes of Pt nanoparticles were 2.55 + 0.58 nm (Pt/cCNT) and 3.51 +
0.80 nm (Pt/PBI-CNT). The Pt nanoparticles deposited on PBI-CNT exhibited excellent
crystallization, while the resistance to oxidation of Pt/cCNT was better than Pt/PBI-
CNT. The chemical states of Pt were dependent on the functionalization of CNTs. Metal
Pt was predominant in Pt/cCNT, but the Pt (I1) was the most abundant chemical state
in Pt/PBI-CNT with a low content of Pt (1V). The values of the electrochemical surface
area (ECSA) were 51 (Pt/cCNT) and 56 (Pt/PBI-CNT) m?/g, much better than that of
one commercial Pt/C sample. Moreover, the Pt utilization efficiency were 46 % for
Pt/cCNT and 70 % for Pt/PBI-CNT, respectively. The degradation of ECSA values after
600 cycles was 8% for Pt/cCNT or 9 % for Pt/PBI-CNT, much excellent than that of
the commercial Pt/C (75%). It was believed that the long fibrous structure of CNTs and
strong interactions between Pt particles and CNTs were of great significance for
exerting the electroactivity of Pt particles. Moreover, the coordination of the Pt ions
with the surface oxides or PBI molecules could be responsible for the high
electroactivity and utilization. The high ECSA of Pt/PBI-CNT could also be attributed
to the formation of triple-phase boundary.

Keyword:Carbon  nanotubes;  Functionalization;  Catalyst;  Characterization;
Electrochemical activity
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LT A R G R R F IR AR WA SRR EY R
+ 2 oL 2 4 (Proton exchange membrane fuel cells, PEMFCs) F148 % /| ~ e =
O P oaka o £ PR 0B L o PEMFCs 0 it 8 Ml 4 & £ v R 4 ehis
Mo Fr F v Jedmt Ao AR i i ¥ i F i (hydrogen oxidation reaction,
HOR){-% & /& & J&(oxygen reduction reaction, ORR)2_ & 14 % 3h > &g ¥ X F|ff ¥k
F A5k s <]~ o $AR B B8 - Pt/Carbon black (Pt/C)E_p % PEMFCs »x
FEhB IS NI B Pt R B T T R
R REB O RRIPLATARTRF U X AF o Flet R PtaE e~ I F
ot A} 2 & FY 4 7w o [1]

Wi g & & T AR (DET R - Qe 3 T i
@ Fm i Q)R IR ERPET R E S (onomer)frg &+ TRFF
BT BT F o mE ez A B R s B)R ka4 i~ (B)FF A
()% % wick £ %45 - 1% Carbon black - 4 PEMFCs 2z f iFig 2= >
P AIL G T o 3F s g AdE 1T 5 Carbonblack 2. 3 i E H en
M bldel g & & fAR[2-3] ~ 35 32 boron sk [4] ~ 2 St B¢ ¢ (carbon nanotubes,
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CNTS)[5-7] ~ z F mih 8] ~ CNTs/at AA[9-10] ~ = & &2 2 K #[11]% -

d A ETHER S PR ot Ao F- %ﬁﬁ»b % CNTs @ AL ¥ #B i p 2
TR E /gw 9 PEMFCs 2 ff 4§48 - 5 7 2L CNTs & Pt 2 =+ B in
2RI30E* > A CNTs 2#mde» 23 FaaAABET Lend o vs‘t?ﬁ“ = [7] » 4
H2S04 ~ HNOs ~ KMnO4 ~ H202 ~ 0zone gas # citricacid % 35+ i2 45 CNTs % & »
##4&4- 1 -OH ~—-COOH ~ -CO {v—0SOsH * 7 ¥ F & B[12-21] - iz A B ¥ T 5
Pk o R ET & BT A

#811 eh Citricacid (8 fgpe) 5 - f H 0 4 »ceaic ;ﬁjﬁ:ﬁtﬁ 27 HS04~HNO:3
Flberp v REERF PV ALIRI DT F nai’xlﬁl[18] Flpgt o FATE
s hz F Pties o Linetal [19]» # R #-PU/Af & rr;;? it #71CNTs
Fmoo BRI FEEOAALIRENE* PUC i 4 Guoetal. [ZO]E% 23R Rk &
Pteny B 5 221 pF Pt vin3 & {_gwgg\ oo~ P TE Pt 5 3.82
nm e ?}E&F"”?Iﬁ.ﬁ-%’“ﬁam AL TR d BRI ot e > FAEEKS
B & ocfls 0 Pl Fpphs F AR G 48 TH[20, 22]

Y- Bido g 2L 6 CNTsZ2a ¢ h- &3 AF b2 b Moy
we (LB ¥ g CNTs k3 03 i & k| & [23] - Polybenzimidazole (PBI) % H 4+
44 5 B8 PEMFCs i (t& 2 B4 3 /w\;“%ﬂ’ii— » FIH B B a4 % K

I * 3& § 4% 32 (vehicle mechanism) *t - 7 ¥ % :F gt B % 32 (hopping
mechamsm)[24] He ﬁ;’_’w B ks Figd F I A5 d - Okamoto et al.
[25] %= CNTs # & ¢ ®—- % PBl » 3+ > & % % PBI-CNT > #r& %2 PBl ii5 & §
2.1 nm (CNTS——U.‘] 15Mm)~ 2 £ 923wt %5 HFRBPtRFAF LG o 7
;’L"’;?Eﬁ.,’CNTS Lo H- %] PBI ¥ i¢ Pt} 5353 £ 47F F 2 & CNTs % & »Pt/PBI-
CNT 2 T 4542 ¥ 4.0 + 1.8 nm o Pt 3 iff et 67 d 41 % (2 ¢ R)#& 3 X
58.8 %(& % PBI) > ¢ Far-IR %3 @ J130 Pt-N crg %% > ¥ 30ip] Pt v b eh
A m Pt 3+ fr PBI & & [ éifie ¥ & - PBI % 7 in-n 2 3 %% ¢ §

. CNTs # 6 ¢t > PBl # ¥4 5 Pt 43 e jc® > {1% &2 PBl } ¥ 4 3 § e

o # B PSS B o Bl PBL S TR AHFMON 72N RS S
dv— dpzn i Ve d ORR enifglit jE 44 [23] -

- I* Pk k=% 2 (Cyclic voltammetry, CV) £ i?| .5 % & = » PUPBI-CNT
7 1Y B 75 G F# (Electrochemical surface area, ECSA) %) 44 m?/g » @ Pt/CNT #h
ECSA # 22.5m?/g[25] - ¢ ¢* % % 3wip] > i 4f & PBI %} 0Pt 5 4p & 4537 CNTs>
B Pt CNTSRFAA T FBEMRE LPtRFIPIRE L mﬁ*?ﬁ#ﬁ o pL P m B
o I IR g = PR s H=(Triple-phase boundary, TPB, structure) » #73f =
e Rt BRERLFS D ‘?ﬁ-ﬁ‘éiifr%‘ E Rt AP r sy R R R
FIL T 5 oonde B AR o HAJS AL Pt RAF EPBl LG 0 BEFY
7 3 PBI % 3% Bcfs & CNTS % 6 45 = Bji‘ %#@;—ffﬁ,sﬁ# Pt/CNT 4= Pt/PBI-CNT
it § 4 5 % (Chemical surface area, CSA) 4 % = 58.1 fr 71.1m?/ge F] > P/CNT
e * F(ECSAICSA) % 39 % » @ Pt/PBI-CNT e # THBLO62% FH

11



PH/C e * & %) % 54.8 % [26] -

Fujigaya et al. [24]% . > #- Pt A4 % & % pyridine-containing PBI (pyPBI)2
CNTs #7235 2_ Pt/pyPBI-CNT % it #7547 £ 51.6 m?/g > & ** Pt/PBI-CNT
g 148 5 1(44.0 m?/g) - Matsumoto et al. [27]#-PBI-CNT -+ 7 ;& #4p: (Phosphoric
acid, PA) » £ *+ 3 F A4 Pt 1135 P/PA-PBI-CNT » I gt 18 % 3 /8 PEMFC
P4 15 1% 1§ 45-(Pt loading: 0.45 mg/cm?) o d B % Rl E % F R » 2 120°C~ § #
(B &) 2 # (B 48)in % A %] % 100 4= 200 mi/min ~ % 4c & i T » 12 PYPA-PBI-
CNT % 42 MEA eha % i £ 2 &~ 4502 PUCNT 4 i 42 MEA 02 2 o
sk Hor 0 & CNTs & o 11 PA-PBI & +/# & & 2§ (lonomer) s d & » 7 %
WL i DA R TPB = & - Luoetal. [28]4#- Pt L4 &¢ % PyPBI 2. CNTs
%6 > #4-7 f PyPBl 2 CNTs B~ gl i i¥ 5 § M9 Hch » 53 CNTs 47
FLfg Fr By nidsyg o PREECRDEG S 3 ik &2 2ok e

P I FMEAIF Femf A R EE AR P AT 5 333 CNTs
o3 tfeg o F e RATHPUCNT 2 #5 2 R it iz P58 Tt 27 3
WRMCNTs £ m 2T 5pcs L& PBle f > nig&F CNTs 2 £ 6 (2 - 3% 5
% & % (&4 ¢ poly(stylene sulfonate), polypyrrole %)= 4% ¥ :&% &L CNTs en
2o F o g B F e 5 - A0 PBl .3 8 PEMFCs 2
Wt RAl o s AT L E® PBl i B4 CNTS 2o (L Feng &+ ¥ 1% &
M i3 CNTSs &t Afg 2 oF Ptgd » P CNTS 2 feee 3 2 T » % ¥ i o
2 Ptjgdenitfcd P FHFEHI R -

ARG R 5 EEZ FAE (Multi-walled CNTs) 1% & Pt i 45«74 44 » CNTs
PP 4 BRELEF AT od 0B CNTs ehdk G M HAp % £ 20 7 i $ 3k Pt
RFFEAFEFEAIBERE T A TR E A T Ny LA AT
FedR o iE % 55 B #e3s aig g pa (Citric acid, CeHsO7) 1T 5 § & » ¥ 4w F it
A BT VLR & 6 SRR o § (4R 42 8 % 3200 mg ¢ CNTs 4
> 3mlREER-kRRY (L6 mMM) > 124z 5 RIRF AIZ 15 min £F L 1 2 F
FHHEE Lhro 3&23F 2~ 300°C = 3p 443 = Muffle furnace » A2 30min » =
N F AR o L RIFELE e CNTs & > £ 5% cCNT o

#° B 8 PEMFCs 2%+ i * PBI> ]t 2577 5 * PBl i¥ % & % CNTs eh
BAF AR B E B 1 ATm o PBl b & &9 3 % 4 Brock et al. [29]#%
dien= o i * 4,5-Imidazole dicarboxylic acid 4= 3,3’-diaminobenzidine i 3 &
FLoo 4e o~ T ¥4 (paraffin oil) » & 4c » dodecylbenzenesulphonic acid sodium salt i®
SAPARTH o F F T 0 ¥ B4~ Polyphosphoric acid - #-E R E /2 5 3 170
°C> s 12h; LR R 233 240°C ¥ dho ARz gpd BBt
d B IR SRR I o E FHMIL AL S0 % * n-hexane i;t%@’?“ 7
B o B A AR frREL & 4R REE BT TR A PBI B S S o 2 F
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P~if & PBI # #8:% f# &% N,N-Dimethylacetamide (DMACc)*® > 4r » CNTs > | * 4
—ﬂﬁf%CMBia ﬂi$ﬁ6°%®f%mﬂ’uDMNh f%ﬁ e
PBl> #Z % % & 2w 45(75°C)% 5% 24 h» »1 @ F|chE 4 & & % PBI-CNT -

(o)

Polybenzimidazole (PBI)
Bl 1. PBI e & &4

‘Z

22 Pt k&3 AH

Ay 1% F Bcre 2 (Reverse micelle)[7]#-% & Pt #+ (20 wt.%) %A # &
CCNT 4= PBI-CNT % & - & * HoPtCle - 6H20 5 Pt chm Sf4» > H F BB/ 2 W
T PtCle2 3t crfp it # M 2 (5 F B R F o & 24840 T 1B 3ml 71 HaPtCle-
6H20 -k /% (0.08 M) » 4r » 4 ml » % £ ;8. it 4&(tetra-n-octylammonium bromide,
ToAB, N(CsH17)4Br)® %% /% (0.18 M) o - ™ Rl Z1 #8430 min > € k3R ¥
PICle? 425 @A 517 ¥ ¢ ;7 ToOAB P iwAp s it M end & o g d 5 454
Bodi o 4o x 012 ml et = 2% L FRfg (1-dodecanethiol, DDT, n-Ci2H2sSH) » DDT i®
LA S A2 4R I B AST 30 mins 2GS AcFt b AR 042 F 40 » i £ CCNT
2 PBI-CNT > &4 5 4=F Lhr- & CNTs323 A4z ® - &F410ml * &
4 (Sodium formate, HCOONa)-k ;% % (0.25 M)z — jF - jF e 3 » P it R &%
twm%\@Eﬁﬁ)@%@%ﬁﬁ#ZN,uﬁﬁmﬁéowﬁﬁﬁﬁﬁﬁﬁ
e ts o ofo b B o {17 2 Rk B R ah - A EEE(DDT) > £ 17 < £ end
45K (BO°C)A H A F ¥ Fdh o i ikt A 4 £ & 100°C B4 ¢ ot 24hr
B ERBEGN L F ¢ 02 800°C #AIL 2hr; & 2 A & L 5 PUCCNT
£ PUPBI-CNT - 12 & AF7§ chif Al & sndes LW °

Toluene
(with ToAB)
H:PtCls
(Aqueous)

—
Sodium formate

Sintered

2. 48§ ik & Q& AT
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23 #HEFHEL T

A A F TN R F B sk e (Transmission electron microscopy, TEM,
Hitachi H7100, 200 kV) - :35—4& ALATIS Ay R o BRI N RS e Pt
ek o B e g b X Sk ¥Est ok 2 Ht(X-ray diffraction, XRD, Rigaku, Japan,
TTRAXN) » &~ 47 enE B2 » X ke 4t 5 CuKa s & 5 0.154056 nm -
# & 4 372 (Thermalgravimetric analysis, TGA, TA Instrument 5100) | * *a‘% ik
Mefig it a4 o F REARI_ T F (60scem)Fk BT ~ 02 10 °C/min g IR
L RRE R R o X Sk k7 3 5y 3 For(X-ray photoelectron spectroscopy,
XPS, PHI 5000 VersaProbe, Ulvac-PHI)* 12 & 474k & chd i ~ % e 2 (L fL % >
&% AlKo i X-ray 2. %k (1486.6 eV) -

24 T FRFELAT

AF L A 5k R % Fp(Cyclic voltammetry, CV) » 4 5%k R % & (CH
Instrument, Model 611C) #718 3| e -V curves k4F 4 &tk A cnT i B 5 o Al
Ll 3§#-¢Tu‘§ij 42 NafionehE B X 2311 e r»Bams > E
hd Yok g AR BAJSE Ahr T E bR - 3 Nafion(F 3 %
§8) % % p Nafion dispersion (DuPont, DE-520, 5 wt. %) TICEEMEERIER G
Bz R T e Aoy & T 4 (Saturated calomel electrode, SCE) 5 %+ % & >
Ptwire 2 W e* T #& > 4t~ 5 1 1F3 4& o ¢ * glassy carbon i 5 1 iT % #&(2
JESMM)E S grieieE D b oo ® MR B R Lﬁ%ﬂ\—jﬁfﬁ-—f} & F 1 glassy
carbon t v A p AR §cis o TR FTEAT T 2T 5 HS04(0.5M) ~
TEFEFP-02~10V - FrAES 5 20mV/s o 4 = Bk 25 600 cycles ~ f247
B 50001V 2fehf §# HBTHIE

=~ BREH
31 HpFiLe 7
Pt/cCNT 4= Pt/PBI-CNT 2. TEM ¥ fffr Pt 11:14:_ 2o &0 o) 3a-d e

RIFELF P22 §RUR 2K ME R T B 74 PtpF 73539 ﬁ} * CCNT £
%o A JUILEEF BRI % o PUPBI-CNT 2z 8/ g:* FERIICNTs 25 ¢ - &
PBI % @ Pt 3303 Al bihHia o Pt/cCNTa Pt#u;fm? 1~5nm- &
2% 255+0.58nm > @ Pt/PBI-CNT 2z Pt#4.j& 4> 1~7nm - T35% 3.51+0.80
nme gt 5% BFm > 2 cCNT 2 Ptf' 4> 7 & Pt T3 3+ ] « ¥t R 15 1 R
FRyCERRIAG e 35 TRA LI TRAMRILG T IT iR
FAPNH R G PR e o dedt > TV ALY A5 F AT 53 AR M o
R M%ﬁmj STV R PLBRI IS A G ARE A5 0 TV WL PURS IR
Ffom PBI 2CNT &6 it &7 #5003 F FavAAeni®s 84> PBl & + £ Pt
%ﬁ;%&éiﬁaﬁ’ R PtBREIBIAGAMEEG - Vi FIPBl & RE 20 1
oo 2EEF R A a0 R PBI-CNT £ 6 ¥ 2 Ptags+ 7 jice » B Ris 2
Pt T+ 4§+ o F* Pt/C (Johnson Matthey, IM)z. TEM # Hfr Pt iz~ -] 22

S
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A Bor Bl 3e-fo Ltz o R PYC Z PLREAA0~4nms T
25 210+£048nm - o] >+ 02 CNTs 5§82 Pt js~ ] o

LA XRD A 47 BT 40 B 40 220 ~ 26°2 MESPE 0 L E R B
i et C(002) > % p A URE o 3 hSRIFAF P& ¢ R PBIF 45 > CNTs =
% §e A2 2% Carbon black - & B 4a-b 2 B]3# ¥ ¥ 3 & cCNT §- PBI-CNT
g2 Pt en f CA2R o 2R A £ 20=39.8°+46.2°~ 67.5° ~ {r 81.3°pF »
v B % 5] PY(111) ~ Pt(200) ~ Pt(220) ~ f= Pt(311) ¥ Pt charfic'd » & 3L )
Pt w2 3 (FC) it o @ A fE & PBI-CNT & 2 Pt chipitd S > 4 %7 &
PUPBI-CNT & & F cnT 3Pt & & o

40

(b) Pt/cCNT
0 Mean:2.55£0.58 nm

Frequency (%)
n

0 1 2 3 4 5 & 7T 8 9 10
Particle size of Pt (nm)

40

(d) PUPBI-CNT
Mean:3.51£0.80 nm

Frequency (%)

-
°

0 1 2 3 4 5 6 7 8 9 10
Particle size of Pt (nm)

40

(f) Pt/IC (JM)
Mean :2.10+£0.48 nm

Frequency (%)
3 g

5

" 1 0 1 2 3 4 5 6 7 8 9 10
200 kVEX 50000 Particle size of Pt (nm)

B 3.78 44k ~ 2 HRTEM # i
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(c) P/C (JM)

\\

H (b) PtPBI-CNT

R— bku—/“ pwuﬁ_.f\.m

C(002)
’| — (a) PUCCNT

\
| Puz00)
\ / Pt{220) P{311)

10 20 30 40 50 60 70 80 90
2-Theta (degrees)

Intensity (arb. unit)

B 4.0 44k & 7 XRD A 5 5 %

B 5 5 &~ TGA f- DTG (differential thermogravimetry) 4 47 Bl 3 > # 2
TR PUCCNT jf 45~ % % 549 °C s f~ B £ 45 £ (B 58) ; PUPBI-CNT 2 & =
T LERET L L 471°C (B 5b) > 3 * PUC B3 2 & 414°C (B 5¢) &’s:f?:% CCNT
fe PBI-CNT Z .~ H 24 4§ ii“' i£ 648 =596 °C (x &g >t)> @ PBl 2 H
A pring < FEIPA §8 2 4 500-650 °C 2 B [24-25] - 4 TGA %% 7 # IR
CCNT Z #¥ i ac g if » (e Pt aolfp € " MAR A it Rk A onfry 1t
i 4tk o @ PBlehe fo s € %% 1A CNTs e i dv 4 o & & 4~ & 800°C
fsenm ¥ & 4 9 5 2.2(cCNT)~23.7 (Pt/cCNT) ~ 8.8 (PBI-CNT) ~ 25.5 (Pt/PBI-CNT)
204 wWt% (PUC) s Fla A AL €3 A PAT(F i 5 £ B 82825
P E) T Pt/cCNT « PUPBI-CNT ez ¥ £ & *Y 323 E (20 wt.%) - ,iﬁ L=k
AT EBER T T B B Pteng £ 4 WX 5 22 (P/CCNT)4e 18 (Pt/PBI-CNT) wt.%-

120 1.0 120 1.2

(a) Pt/cCNT 46 % = (b) Pt/PBI-CNT "I 471°C -
100 08 % I LU

o 100 l,|| O
o (=]
—~ B0 06 [ s ] lI o s
2 — 4 -—
& E £ w0 F 08 5
£ 60 04 D = ©
= z D ! 04 =
5] o O 50 | B
2 4 02 -2 = ! £
© \ 02 ®
£ w \ £
20 00 8 00 §

0 . . : : . : : 0.2 20 0.2

0 100 200 300 400 500 600 700 80O 0 100 200 300 400 500 GDO 700 800
Temperature (°C) Temperature (°C)
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120 6

(c) P/C (JM) | 414°C —~

100 1 ! o

] 8]

I % ae

! 5
g% i -
< i <1
E 60 ‘D
k<) i , 2
9] | o
= 40 4 | 2
| 1 ©

] £

200 i el o AN S S e — 0 8

20.4 %
0 . ; ; . ‘ ; -1

0 100 200 300 400 500 600 700 80O

Temperature (°C)

Bl 5.78 44k & 2 # £~ 17 (TGA) & %

XPS 2wt # BV AT AR NLG (o T,BRFETFR)NF
Ea s 4e@] 6a fTor o LA E w3241 Cls ~ Ol1s ~ o Pt4f ; PUPBI-CNT & »:#
BT Nlspeak > % %k p PBlI » & 67’7??%1{- c B Ob R L AZ AF D
\“ | (atomicratio, at. %) o PUCCNT 2 f“#8e R S bR fxped - &5 “ 25 R
F AR P ¥ o BB 47 5 1F 800°C # a2 A3k - PBl ehé % o Bl ¢ PY/PBI-CNT

7 4at%Nem XPS » 478 5|chd 5 Pt 2 £ 0T 22 TGA ehig % % — R > 423
w EE BFl 5 XPS & 4o A 478 &2 F BERMKR AT EM G - XPS ~ 7%
B A o PBI% 0 S @nn 3 E% £ B a CNTs 45 o PBI# 7ik s Pt
F et E o I 2 PBl 2 ¥ 4 TR F ehfie 0 & B Pttt »)[25] - @ PUPBI-
CNTHcPUC 2 2% 3 R+ Z SRS > Flotdng b a4 BEL 22 TGA » 7%
AR

(a) Cy

—~ 120

. Ou Pty é (b)

g W‘J\)L\____J\_ *OC'J' 100 1

£ 5 80 1

= ©

"é M E 60 = PUCCNT

£ PUPBI-CNT _..__.-—-JL_, S . = PO (M) |
= ]
©
E 20
L

= S
600 500 400 300 200 100 0 Cis Ny O Pty
Binding energy (eV) Element
Bl 6.5tk A2 (QXPS 2ic# B ~ ()& ~F e+
%1% %% 42 XPSC1s peak rs Ao P RIH L T AR ELSITES 0 &
S TS A AMIB0] - 3 4 TR C (e C (PY Lk A A e
& i A - C (spd)/C (spD)2 vt & % A & PYUCCNT > PUYPBI-CNT > PUC » &
;

L7 i € B CNTs e 7 & 1 e 973 ik 2357 5 -COOH A
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12 Pt/PBI-CNT £ % o Eneon* A B A&
e BT o XPSO1speak 2
HRABLE DG

ﬁ'ﬁ; PBI '/-w
Bz

¥ F oAM=
# . - 5]-C=0 ; PUPBI-CNT {r PU/C 71}

Pt/PBI-CNT ¢ ¥
BREVATSE S FAck 20 F R D
-0-C=0 & QH,Pt/cCNT

FERABBEG

- ARELE T

T AL

¥ CNTs

#B 1t 0 C-O-C & C-O-R

% 1.% # & 2. XPS Cis peak 2. & ja47 4 75 % (B3 7 A > at.%)

Binding ~ Functional  pyeonT  pYPBICNT  PHC (IM)
energy (eV) groups
284.6 C (sp?) 48.7 50.5 50.7
285.4 C (sp?) 37.9 32.8 26.7
286.0 -OH — — 7.4
287.6 C=0 — 7.2 —
288.8 -COOH 3.8 9.5 6.5
290.6 Carbonates 1.4 — 0.7
291.6 T>T™ 8.3 — 7.9

# 2.% # 4 2. XPS Os peak 2

BRI AT RE (RS A 0 at%)

Binding

Functional

Pt/cCNT Pt/PBI-CNT Pt/C (JM)
energy (eV) groups

531.1 C=0 35.6 18.7 18.6
532.3 R-O-C=0, O=C-NH, 36.3 30.3 27.8

0=C-0-C=0, -OH, R-

O-R
533.3 R-O-C=0, 0=C-0-C=0 54 26.0 26.6
534.2 -COOH 13.5 12.4 21.7
536.1 H20 9.1 12.6 5.3
B 7a 7 PUPBI-CNT 2. XPS N 1speak 3% f#47 4~ 17 B3 » ¥ f#247 11 5 /8. 2

¥ T ic 2@ > & w5 aromatic N-imines ~ pyridine-like structures ~ pyrrolic or amine

moieties ~ pyridine-N-oxides ~ 4= shake-up satellites [31] -

4B 7h -

Intensity (arb. unit)

RN
= Ik e9 pyridine-type structures (29.2 at.%) ;

(a) HR curves

Pyridine-
N-oxides

Shake-up
satellites |3
5

402
Binding energy (eV)

400 398

3 Pyrrolic or amine
i moieties
;A

Pyridine-like
./ structures
7

Aromatic

N-imines
’

|-

Functional
groups

Shake-up satellites

Pyridine-N-oxides

Pyrrolic or amine moieties |

Pyridine-like structures

Aromatic N-imines

{b) Atomic ratio
3.0

1 11.9

1.4

EEFRAZZERI VT
% T it 7 ® % T = Ik <0 pyrrolic or amine moieties (54.5 at.%) -~
27 PBI b e -

0 10 20 30 40 50 60

Atomic ratio (%)

B17. PUPBI-CNT 2 XPS N 1speak¢i(a) & 247 4 47 B2 ~ (0) & F it g2 5 B4

= 5~z XPSPtAf § jair A 4555 % o 7 4o 8 v 30 2 j2 47

18
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NI 71 4o 74.35eV s doublet i £ £ Pt(Pt%) 5 . 72.4 4v 75.75eV =1 doublet
& 2ER P S (PH(I)) ¢ b4t PO & Pt(OH)2 [32] ; 74.9 - 78.25 eV
doublet * # Pt*gg+ (Pt(IV)) o ¥ 3 3= & Pt i f& % ] » & PY/CCNT fr Pt/C
BT 0 @ PUPBI-CNT R 2137 e c4 fF o & CCNT 2+ #7118 R /L ch Pt i1
Ui 2 & 5 Pt°(52.2at. %) » i & 4 5 5 Pt(Il) (22.2 at. %)4- Pt(IV) (25.6 at. %) ;

Pt/C + ehPt i g & &g 02 » Pt° %t 53.2 at. % - 2 Pt/PBI-CNT B2 Pt (1) 5 2
(73.5at.%) » # =t % Pt°(22.9at. %) > Pt(IV) # 3.6 at. % - * % % & 7 » 4> Pt/PBI-
CNT > % Spdr e P & 0 2 2308 R 5 P (B 5)fo PO £ 2 » $43% P/CCNT Fr
PU/C > X3 14 Pt™+ spdr 15 A4kB R o 428 CNTs 4 & ¢ R PBI &5 i@

Ptég+ {rPBl » + BFAj* feizdgt » & PU¥ & T3 ¥ e lida -

(a) Pt/cCNT (b) Pt/PBI-CNT
5 5 PE() i
g g
B =
iy £
B ®
c [=
2 2
= £ Pt(IV) £

V. A
%0 65 20 85 80 75 70 85
Binding energy (eV) Binding energy (eV)

c) Pt/C (JM 80

( ) { ) P’ (d) = PYCCNT
_ SN w— PyPBI-CNT
fé — &0 mm PHC (JM)
5 ES
£ o
M =
- @
= o
b Qo
& <

90 85 80 75 70 65 Pto P (11} PL(IV)

Binding energy (eV) Chemical state of Pt

B18. & 1 & c1XPS Pt4f 3 345 4 45 %% % : (a) PUCCNT ~ (b) PYPBI-CNT -~ (c) Pt/C
(M) ~ (d)7 B Ptit fi e 5 v

7 3.5tk ~2. XPSPtafpeak 2. % j247 2475 % (R 3 |~ > at.%)
Binding energy (eV)

Sample Pt° Pt (I1) Pt (IV)
71.0 7435 724 7575 749  78.25
Pt/cCNT 29.8 22.4 12.7 9.5 14.6 11.0
Pt/PBI-CNT 13.1 9.8 420 315 2.1 15
Pt/C (IM) 30.4 22.8 134 100 13.4 10.0
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32 FIBEPEAH

PU/CCNT 4 P/PBI-CNT 2 {7 ik % Bl3#m 4B 9a-b- B 9c » &7 1 7 *
PY/C (IM)#f & 2 7k R B > (F2 2 * « PHRE-02~01V F#H IR
L Ag ot 5 01~05V AT HEE®05~10V i4&G Pt it
225 & o1k % o 4p 3t PYPBI-CNT 4o PY/C»PUCCNT 2 7 & #2 % 5 88 5+ PY/PBI-
CNT 4r PU/C 2.1 (*§ 1&¥ 2 54 % 1§ j7 » 4% 9 £ PY/PBI-CNT « P/CCNT 4r
Pt/PBI-CNT 32t % 100 Blts 4 S E X ik B » #pt2h 5 (7 5 LB E o
718 2_ P/CCNT 4= PYPBI-CNT 7 ECSA 4 w4 % 51 {56 m%g » &7+ Pt/PBI-
CNT shg it 8 7 i PUCCNT 5 @ 7 * PYUC 2. ECSA P&+ 45m?g- B 9+
B 0 CV ek »ip3R % % (30"~ 600" cycles) » # 5t 2974k & 2. 7 1V B E 1 eh
it A e % Bl2z. ECSA 2t 8 %% » 2 g & ECSA v s it B 5 %13 &> 7
4o 9d - % 600 cycles ¢ » ECSA % g & iz =t % Pt/CCNT (8%) ~ Pt/PBI-CNT
(9%) < PU/C (75%) o A 5 2 % Bor » JI* F feie 2 9748 S chif 2398 4 fRid i1
T FEpfeat A 42 PUPBI-CNT 2 € B % » e = FenT i Faf 412
Ap it e PLengl® & ()™ 1% ECSA k14 i & % G ## (chemical surface area, CSA)
% K17 o CSA (m?g) % % 5 6x10%/(p-d) » # ¢ » pi Pt & (= 21.45 g/lem®) ~ d
L Pt T g s (nm) [20] o 3 E R & T HF I 0 Pt ] F ()4 Bl 5 46 %
(P/CCNT) ~ 70 % (Pt/PBI-CNT) ~ 4= 34 % (Pt/C) ; & n 12 F i 3 it 57 CNTs i¥ % Pt
§i 48 > £ PBI-CNT » ¥ &= Pt el * F o

20
20
(a) P/cCNT ~_ (b) Pt/PBI-CNT
o 107 — 104 o
rm 'T
o
E o E 4.
< <
E £
-10 g 4
=1 30th = -10
5 ———- 100th 5
E...| & @ | 200th = 100th
= =20 O e 300th 35 -20 4 ———— 2000
& | OF 0 e 400th [&] :gg:
e Lo
=30 4 i BOOM =30 4 A :gg:
04 -02 00 02 04 06 08 10 12 04 02 00 02 04 06 08 10 12
Potential (V vs. SCE) Potential (V vs. SCE)
O o
20 B
(c) Pt/C (JM) —~ ;
10 “i= Ll o
S 1 et e [42] ]
e = 3
.U) b O L
£ L
< ¥ ]
- y —&— PUCCNT
E | |47 == c ¥ u —A— PUPBIGNT
= -1 30t = a e Aes PUC [IM)
) — — — - 100th g I.__.
= el WE 000 | 200th
=1 I 5 300th & 50 ..
& | W | 400th o e -
500th L
-30 1 —imiime 600 o ‘B
f : : - r v ; ; 80 T T T . ;
04 02 00 02 04 06 08 10 12 0 100 200 300 400 500 600
Potential (V vs. SCE) Cycle number

FO. FE4HE & 2 57k %% ¥ 3 (a-c)frECSA % 12 135 (d)
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5

A=

T~ 5
FEE T I F e st CNTS 4 6 A 2 5 Pt » 2 ¢ CNTs (B & #7
it & PBl # § o #27 * PUC v i » PUCCNT 4r PUPBI-CNTs 2 Pt T 3o iz ff
D fed g R & ARR frRE S i 4 o 28 0 PBl the R (7 PUPBI-

CNTs 2 #L§ 14 4 L PUCCNT A1 £ o 2 # Pt2 46 1 5 A 7 » P B FI A4 £
B e o PIIV) 7 B BRSCPI(I) § B F K 0 L Rk hT B E R

d

VAT K% 2 & 4755 % % R > PUPBI-CNT 4r P/cCNT 2 & i & 4% f# (ECSA)

A u 8 % 56 {051 mfg o {4k I 600 Blis - ECSA e jf F 357 i1 10% »
PARY T PUC o Y BT 0 RiFRE & PBI ¢ f CNTs 357 i Pt 3
i SO R SeLEh E R e

I~y p
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Abstracts

In this study, fine particulate matter (PM2.5) was sampled and monitored by using
automatic monitoring instrument at Kaohsiung Linhai Industrial Park from February
2021 to April 2021. The elemental concentrations was analyzed by online X-ray
fluorescence (XRF). In addition, automatic observations have provided a high time
resolution of the PM2s concentrations and elemental concentrations, which is available
for analyzing the PM2.s generated from nearby fire events. During the monitoring period,
the PM2s concentrations ranged from 12.0 to 86.8 pg/mS, and the average levels of
PM2s over 24-hour level standard (35 pg/m®) was 38%. The PM2;s concentrations were
highest in the morning and early morning, which can be resulted from the peak hour
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traffic and subsidence temperature inversion. Positive matrix factorization (PMF) was
also used to apportion sources of PM2.5, and five dominant sources of PM2s were
identified: coal burning, heavy oil, other industries, traffic and metal processing, soil
dust and secondary aerosols. Furthermore, PM2.s generated by the regional fire events
were also recorded by the automatic monitoring instrument, which showed an apparent
high peak of PM2s and elemental concentrations after a period of time. And the peak
element also showed the characteristic from different types of fire events, such as Cr,
K, Ca, Al, and Si related to the wood-burning or smoldering, Zn, As, Pb, Si, and K
related from the landfill fires, Pb, Zn, Fe, Cu, and As related to fire incident of steel
plant.

Keywords: PMzs ~ Automatic Monitoring ~ PMF receptor model ~ Fire Event Tracking
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thermal power generation. To burn stably, the abandoned explosives are made into
refused derived fuel rods. Both boiler and burning chamber with the form of conic
surface are designed to trap heat energy by special optical properties. It leads to heat
water in boiler within several minutes and produce a lot of steam transmitted to thermal
power system for transferring mechanical energy into electric energy. For industrial
safety and environmental protection, vacuum pump and exhaust gas purifying
equipment is used to exchange gas suitably, control the pressure in burning chamber
and purify greenhouse or toxic gas. Because this system need to be built at the seaside,
desalination plant is designed to distil out the salt and impurity in seawater for
protecting boiler, burning chamber and water circulation tube from seawater erosion.
Seawater can be poured into boiler through water circulation system after purification.
If this system would be developed successfully, both hoarding too many abandoned
explosives and energy shortage should be solved for the countries of the world.

Keywords: abandoned explosives ~ steam electric generating system ~ refused derived
fuel rods ~ conic surface ~ vacuum pump
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Abstract

The fuel cell is a power generation system which has the characteristics of high
electrical efficiency and low pollution emissions. Operating lifetime and cost are two
main problems which should be facing for commercialize in the future. In order to
evaluate the key factor of influence the performance and lifetime to fuel cell system,
failure mode and effects analysis (FMEA) and thermodynamic analysis would be used
and investigate in this research paper. Based upon on the simulation result, the
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component of air supply is the key factor which would influence the system’s
performance and the lifetime of a hot box. Therefore, the simulation model of high
temperature fuel cell system would be built to verify in this research. According to the
result, when the flow rate of air has been changed in 20%, the rate of performance
change of power generation the system is 7%, also the temperature of the stack and
burner would be influenced and changed to 20°C. By the above result, the air supply
module is an important and high risk module for fuel cell system during the long-term
operation. Also the analysis method of FMEA has been confirmed that can be used to
investigate the failure analysis and optimization strategy in fuel cell system for long-
term operation.

Keywords: Fuel Cell, Failure Mode and Effects Analysis, Thermodynamic analysis,
Power generation.
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Parameter Value

Fuel cell operating temperature (K) 873,973, 1073

Fuel cell operating pressure (atm) 1

Electrolyte conductivity (S m™) 50x10*xexp(-10300/T)

Anode conductivity (S m™) (3.27%x106)-(1065.3xT)

Cathode conductivity (S m?) ((8.855x107)/T) xexp(-1082.5/T)

Anode apparent diffusion coefficient (m?>s™)  3.66 x 10°°

Cathode apparent diffusion coefficient (m?s™) 1.37 x 10°°

Cathode thickness (m) 30 x 10
Electrolyte thickness (m) 17 x 10°®
Anode thickness (m) 200 x 10
Faraday’s constant (C mol™) 96487
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CHa(g) +202(g) 2 2H20(g) + CO2(g) HHV = 55687.5 ki/kg (7)
COg) + 0.5 O2(g) = CO2(g) HHV = 1180 kJ/kg (8)
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Parameter Value
Number of SOFC stack in system 1
Activation area of single cell (cm?) 121
Number of single cell in a stack 400
Fuel utilization of SOFC stack (%) 75
The efficiency of Anode heat exchanger (%) 80
The efficiency of cathode heat exchanger (%) 80
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The efficiency of combustion reaction (%) 100
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Parameter Value
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Analysis of Energy Usage Per Unit Product of Taiwan
Cement Industry
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Abstract

The analysis of energy usage per unit product can be applied to evaluate the energy
efficiency level of the cement industry, and can be used as a reference for energy users
to set energy-saving goals and promote energy-saving. In order to evaluate the energy
usage of Taiwan's cement industry per unit product, this study used the collection
industry to declare energy efficiency index data according to the "Energy Conservation
and Energy Efficiency Index Regulations for Cement Manufacturing Industry”, and
collate and analyze the energy usage data per unit product of the cement industry.
Including: the use of electricity in the raw clinker system, the use of thermal energy in
the rotary kiln system (clinker), and the use of electricity in the cement mill system.
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E mail: david888@itri.org.tw
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After analysis, it is found that the average thermal energy usage per unit of clinker
in the cement industry in 2020 is 771 million calories/metric ton - decreased of 2.3%
from 2019. The average electricity usage per unit of raw clinker system in 2020 was
44.8 kWh/metric ton-clinker decreased by 3.0% compared with 2019. The average
electricity consumption per unit of cement in 2020 was 42.8 kWh/metric ton-cement
decreased by 1.8% compared with 2019. The electricity usage of clinker in the raw
clinker system has improved more. From 2017 to 2020, the average electricity usage
per unit product of the raw clinker system and the cement mill system both decreased
year by year. Through relevant analysis to understand the energy usage per unit product
of Taiwan's cement industry, and compare the energy usage per unit product with the
major international cement producing countries, it can be used as a reference for the
cement industry to continue to promote energy efficiency indicators and improve
energy conservation.

Keyword: cement industry, energy usage per unit product, energy conservation
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Hazardous air pollutants (HAPs) have acute toxicity and are directly related to the
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health of residents. They have become an important item of control in the world. The
sources of HAPs including stationary source and mobile sources. This study monitors
the HAPs concentration in the dense diesel vehicles areas (Kaohsiung Xiaogang
District), and use stationary monitor site data in the Linhai Industrial Park to analyze
the differences in HAPs concentration between stationary monitor site and diesel
vehicle areas.

This study uses off-line and online on-line methods to evaluate the ambient
concentration of HAPs emitted by diesel vehicles. The off-line test results show that
the main pollutants emitted by diesel vehicles are mainly carbonyls (formaldehyde,
acetaldehyde), and the measured nonane and trimethylbenzene are higher than the
mobile pollution sources in the metropolitan area, indicating that monitor concentration
of HAPs in dense diesel vehicles areas is really from diesel vehicles. Comparing the
results of monitoring HAPs species at industrial monitoring stations and dense diesel
vehicles areas, diesel vehicles mainly contribute formaldehyde and acetaldehyde
species (5.26-17.4 ppm), stationary sources and diesel vehicles will all contribute
benzene and ethylbenzene species. Concentration of heavy metal species in stationary
monitor site and dense diesel vehicles areas are very low. In addition, non-diesel vehicle
emission species measured in dense diesel vehicles areas, including 1,2-dichloroethane,
vinyl chloride, 1,4-dichlorobenzene, and butadiene, indicate that pollutants measured
in dense diesel vehicles areas will still be affected by HAPs emitted by stationary source.
In order to understand chlorine-containing species and butadiene emission sources, this
study used online monitoring methods and wind speed and wind direction to verify
emission sources. The results showed that the sources from northwest of the Storage
tank.

Keyword: Hazardous Air Pollutants (HAPs), Carbonyls, Diesel Vehicles, Industrial
area
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Abstract

The EU has always actively promoted circular economy with the main goal of
building a closed-loop economic operation mode, turning materials generally regarded
as waste into reusable resources through reuse (maintenance, refurbishment, recycling).
In addition to prioritizing the formulation of relevant laws and policies towards the goal
of circular economy, EU also continuously launches related supporting sub-programs
in order to achieve the expected goals.

Following the transition trend of the European Union in 2015, Taiwan
incorporated the “circular economy"” as a domestic promotion of forward-looking
infrastructure and "five plus two™ industrial innovation plans in November 2016,

+

1 RN & ¥ lﬁiﬁ"iﬁ'l @kg?:ép;gw,m
2 MraH B AYRBET R BATR

E-mail: adathen@mail ncku.edu.tw
S M AMAEREIRE L EEE

89


mailto:adathen@mail.ncku.edu.tw

hoping to drive economic transformation through the integration of domestic
production, education and research capabilities. Taiwan’s achievements in resource
recovery-related work are among the best in the world. Similar to many European
countries, Taiwan has a dense population and lack of resources; therefore, in the past
20 years, plenty of efforts have been invested in environmental protection. At present,
the recycling rate of industrial waste is as high as 80%. In addition to the output value
of the resource recycling industry of NTD 73.4 billion, there have been many successful
industrial symbiosis cases. However, there is a lack of comprehensive policy guidance,
or the existing practices are too fragmented, and each has specific expected goals.
Therefore, it is necessary to refer to the EU's cooperation platform practices. Although
Taiwan and European countries have regional differences in consideration, this can still
be valuable Information reference.

This article will comb the large-scale scientific research framework projects
conducted by the European Union in the past, then analyze and compare policies related
to the circular economy, and finally explain the implementation of an innovative
cooperation platform granted by Horizon 2020. It is hoped that the platform's
innovative thinking can be brought to relevant domestic scholars as beneficial reference.

Keyword: EU Framework Project, EU Circular Economy Project, circular economy
policy, innovatice cooperation platform
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EUROPEAN ECO-INNOVATION SCOREBOARD INTERACTIVE TOOL
heck eco-innovation performance of the EU Members States in various indicators.
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