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Feasibility analysis for full scale industrial thermal radiation
recovery
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Abstract

Industrial thermal radiation was usually released into the air without adaptive
measures because the traditional heat exchanger cannot directly recover the radiation
heat. This study focused on the potential analysis of radiation heat recovery and
discussed the technical feasibility of a full scale radiation heat recovery system in a
demonstration sites. In fact, radiation heat can be collected by a thermal absorber
coatings and transfer into the high grade thermal energy or electricity without
contacting the products.
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However, the industrial thermal radiation intensity is larger than solar thermal
flux as well as few times at most cases. To recover the radiation heat will benefits the
factories and economy.

Keywords: Industrial thermal radiation; Industrial waste heat; Radiation heat recovery
system; Thermal collector
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Preparation of industrial thermal radiation absorbing films

by wet coating technology
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Abstract
In some of industrial process, the thermal radiation intensity reached 2 to 20
kW/m?2which were depended on distance and temperature of heat source. Therefore,
the thermal radiation intensity is larger than solar thermal intensity as well as few
times at most cases. This study presents a wet coating process which is prepared for
the radiation absorbing film.
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The main absorption wave length is in the range of industrial thermal radiation as
well as infrared. The surface of substrate is processed with wet coating and baking
process and the absorbing film can be operated in high temperature up to 500°C.
Furthermore, high temperature resistant paint was sprayed on the aluminum alloy and
stainless steel substrate (SUS304), and needed a process of high temperature baking
for enhancement film adhesion. In the case of stainless steel substrate, the initial
absorptance was 0.916 and the absorptance became to 0.829 after 500°C and 6,700hr
resistant test. The decline rate was 9.5% and the decline trend became to stable. The
absorption film is available for recovery of industrial thermal radiation and can be
converted into electricity if combined power generation device.

Keywords: Industrial thermal radiation, Absorbing film, Wet spraying
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22 wRBEHFE
LE R Lo R Rt 3 S R § L LR R

ok~ ~ddit 88 o @#P%%_«fié’iﬁig ks iEA s i
FEBGS S AHE S RER CERER Y AP 2L G R a B RE R A
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F, o

Ap g chit R R A # 41E A7, (Silicone Resin) fie 1 it £ gt
a2 %4l & 500CE 650CH fhat B A - # JIER R EALE G B
Boendd Bl s s F R SR T R A AR o e TR S
ERGER R RN A § T e S LR SL S LR
Aok A REACER G A U MBEENRIGES o FAAEAME
BAZEO0CW 1 PF (7 A 34422 ~BMER G FI R BAFTEST o
TR ORI e B AEEA(S T )RR AR RS
RETIRTERE  FRSEICEMS A Rt o RAEFE RAZE 80 m BF
FEE S HABR R
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BB E g EAT S G o0 AP u4R S £ 67 SUS304 e A A 0 5 SISSa2 #
B2ER IR 0 AP 2 rE k(R ) At B IR EA 0 S
RGO W B R 0 Bt p Bf gk S BlAe 3~ 500°C 2 650°C A Ad A B
BER e RN R UR BB R R ST A AR E R
EAE R RFRA CF SRR RENEY FRERE S AN %
BIEFRBREN G R FLREABP S RIALF R AR R S
A 2 BOUCE (7 A AR A 0 S s fOeat R 2 F i 4 o B4 5 500
T2 650°C™ fhmt B B AALA Blvf £ 3048 & £ 22 SUS304 A4 77 1 12 #4F Sex
Jouts 2B A4RE A AH - L s SUS304 A4 B ¢ 500°C B R %% RS
TR R B - PRl A e E ’650Cr$m_'i1‘ S S T

TF o RN g B SO $ }&~¢ﬁmﬁﬁﬁ%*”§%
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(a)

(b)
] 4 ~ # 145 b2 Jc(a) 500°C; (b) 650°C

=~ wE R

Bl SPoofout ARG 2 R AN ES FORBE T T L0 o LA
FL R AL LA ERRELRERE RS T oS ABHAY &
PSR R R BIE(RTD) - A %23t = 4 pl3Es fl4e# B 10cm jedp > # 7 -
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G
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£ PID 8 B 4] B(PKC-CB100) > #aa iBfrk T > 3 L0 SlRE R Ay v % -
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d R EREELET 0 2
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B 6~ AR pIREE PR

T~ BEENH
4.1 500°C % & % #L o mt B RIE B %

% 3 2 500°C % 8 % op e fomdt g B3RS % 0 B 7 5 500°C % B % AL
TR RGERT o d A 3ER TV Ao 500CF B LMY L AMY T F ALl
09 H 7 484 & A+ & 6,700 | Frafig Rl3R 1S3 T % 1 0890 T 5 iFR 2.8
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# 3~500C =

ok B IR AL R R

AR R RE B (D) | ek (BB S £) | % fc & (SUS304)
0 0.915 0.916
700 0.885 0.790
2,200 0.883 0.806
3,400 0.876 0.812
6,700 0.890 0.829

-

Al alloy SUS304
B 7~ 500° C r§ IR ’} 128 ﬂigiﬁﬂ'/ﬁ /?'Jﬁ;% i

4.2 650°C % F fH s mt B REE %

F 4 5 650°C i etk g R R s mhE BIFS S % > B8 5 650CH RS
FlooforamhE R ER Y > d 2 4 LB 87 o 650°CH B ML i A B
12'*'3»{&@085’ v %/m*‘l'ﬂgﬁ "mm‘ﬁ » HP 4R E 4;5»_"*1 6,700 -] P @t 8 iR
pi‘w")»‘iii TrE 0841 TRt R 28% 4R L A A M BRSO E VR

= EEZR T Adk A4 1 6,700 ) pEATE RIREE ST X T 1 0.7060 T F g & 18.6
% > AREHE A dn A T KR B R &%
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% 4~ 650°C % if % - AR R R

wtE RIEPE () | Sofc S (4R 8 &) | ofc 5 (SUS304)
0 0.865 0.867
700 0.807 0.757
2,200 0.832 0.737
3,400 0.830 0.725
6,700 0.841 0.706

NG M A G IR R AR B 1 E AR S B ¢ udR
b 4kt B 2 B ST B AR RIS e TR AR 4R L 4
Ait kS ikt B00CEEA § A EAM g o 1002 500CH B EH UK 2
F 4 4 BRSPS OT > A desfe % 0,916 0 45 500°C ~ 6,700 ) pE AR RIS
Bofod i h 08290 THEER O5% 0 P w R iTAER e ETH Y A HMmAHT K
£ 500C A E &AL o T b1 650C A BB R A& 2 7 44k H 15 S T
§ A AR R 0 P AR R e TR (A o A R
21 ERGHSUET MR AM L BRSPS HE ARV EERTF T
ook s B THETEE %2 B fp SRR S TR o B

TR H W T AL R 2 9%

700 hr

2,200 hr

3,400 h

6,700 hr

Al alloy SUS304
Bl 8 ~ 650°C B iF %4 L T ia iR RIER P

7wk
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AFTE LR EAIER L RfAES % 105 - EOT12 £F T A

= \Z;—',‘;’—:?%k

http://physics.nist.gov/cuu/index.html, National Institute of Standards and
Technology. 2011 June.

B EL T FARHRT 2 ERES R R ERMAT kY
BREED H oLz % H=H > AKEI03 £ o
http://www.ligfix.com.tw/discussion/dis001.html
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L] PbTe%%m”i‘ > -ﬁ’g*‘i‘&Pi

The study of mid-temperature PbTe-based thermoelectric

power generation modules and their contact materials
FaEl s gEm? kv 2’
Cheng-Chieh Li, Chien-Hsuan Yeh, Yu-Li Lin
1 EREHFT RSN B RBA T T
Green Energy and Environment Research Laboratories, Industrial Technology
Research Institute, Hsinchu, Taiwan
&

WERGRE Rkl VBRI FRFAAM Y RS RE S LR
SHEHE PR FC R g RRE 2 Honeh T R R D] @]T‘f*ﬁ»"ﬁpfﬁ?b
FI* BT LR O R &P im}%’s‘%‘hﬁa‘fé TR AT R R
MEFEGRRE RS RERDEERF cMETE Y MR AT e R fi4s
SRR A iR s o R it B e 4 200~ 600°C 1T RRET 0 E
ARk BERMEE A ERGPESIE TR ENRE D S (b
FLER )P~ MOR ggE 0 P g Wm# FiEARY A2 BILA B gL S s B
BAFRERUBLFEH AL PFP T EHIF By P RTETERE
FH BRI BRSO PRZ A B A2 AP R AR e il g e
B M A IREIARBEF IR & R AREB PR BER Y 2
FHATrE Ak s 0 E R R S ﬁ»f*"'(r]ni’ﬁfﬁ%g ) IAG A R "{‘/.B-*E‘r' ~ e B R
2 g St AP R FEALDEY LR DTG HAoRRE Gk
I T ERATSIE 2 AR 0 U E A $)§7:,L PR AE M 2 Fﬁ‘g % o

BaEF T BT e iRk c BRI sE VAR
Abstract

Securing renewable energy supply and preventing global warming are two key
issues critical to the sustainable development of human society. To this end, it is
urgent to reduce energy consumption and to minimize carbon footprint.
Thermoelectric power generation has the capability to regenerate power and exhibits
negligible carbon emission. Two major sources of waste heat for thermoelectric power
generation are ndustrial and automotive waste heat. Thermoelectric modules
assembled with low temperature solders have limited service temperature ranges.

1 1 $#§Z,{+ﬁl‘/€ﬂ 1 FLi s B R B3
2 1 FHEMF T IS B RBF

E mail: chine- hsuan@2|tr| org.tw
I HF T RSN EREAT T 277 B 0 E-mail yllin@itri.org.tw
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When temperature goes beyond solder’s melting point, the modules collapse and
fail. High temperature joining processes, such as brazing, however, have massive
diffusion degradation and can retain residual thermal stress that can potentially reduce
the reliability. In other words, both low temperature and high temperature joining
processes have their limitations and problems. This study will provide the information
of new diffusion barrier materials for brazing technique and novel low temperature
joining processes (solid liquid interdiffusion bonding) that allow for mid-temperature
applications. In this study, issues relating to factors that can affect reliability, i.e.,
thermo-mechanical stresses from coefficient of thermal expansion (CTE) mismatches,
growth of intermetallic compounds, and thermal stability will be characterized.

Keywords:Thermoelectric module ~ Diffusion Barrier ~ Solid liquid interdiffusion
bonding ~ Reliability.

SN
SEF £ REURD SR 7 WERE R P BH 0 PR R B -

LRI FMEE A FRAEH YA CERIFT; TR B 2 EAEIPE
2015 # 12 7 12 p 195 P> G & W F 3% ¢ ¢ B0 Bk 0 PO R 30K
TE oA ETER 0000 REABFFSEAFTHM o EFAAL &
hzm oo pIRIDE A2 AREEN 2R EF L RS ke VAR o FE
RFARE > FHFERREL L RES - @ iE .

BT ALy A7 B - R T G R ,‘rﬁ%fgé'f ’
RGBT RS PN BT B TR AT By ki
TR FE Tk R RS B S R RS o e éhz_k?mﬁi
FEE PR AFRA LR PRI R EMAE TR EAR - BT F T HFE

2 g B W g # 3 1950 £ 0 £ Blank E L3 8% (NASA)F = #- Na 4232 PbTe
AR HBEER AP S ks oo - R EFATHE TP
(radioisotope thermoelectric generators, RTGS) 4 %t » & {7 & Hp et 5 £ & T f3 o M
GSLE TR IR 4T -238 2 bt AP R R TA L 2 B g T A R
MR R AT S BT it 2 15 NASAH* PbTe A% T %
Toasz X Es[l] B LT EREY 2 E B PhTe AR T HE  BiEk
BV 214 R F X A 5.1~6.2%2 F o 2Ra o & _\Voyager * 3 4y b AT
2 SiGe A#THF T WG FH v TN 14 &R /Ezm%] MR 22% >

bo

4
h
N

BIE - 293 16%T 2] ARG AR PSSR Faoka T
4 ’{%faifiﬁg"‘ irhi & R F2 - rﬂw%nawzg B 0 Lk
BEHRE A TR R o
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% 1~ PbTe i abflp 2 £ HF T 42+ 7 Ea[1] -

83 RTETIBLH CRi EIRE TR R (#)
Transit 4A SNAP-3B7 1961 15
Transit 4B SNAP-3B8 1962 9
Apollo 12 SNAP-27 RTG 1969 8
Pioneer 10 SNAP-19 RTG 1972 34
Triad-01-1X SNAP-9A 1972 15
Pioneer 11 SNAP-19 RTG 1973 35
Viking 1 SNAP-19 RTG 1975 4
Viking 2 SNAP-19 RTG 1975 6
MSL MMRTG 2011 3

~ PbTe A# T H e ing

R # T # 2 (Thermoelectric module) 2. & 3] L ¥ iz v A &7 7 & B 4 28>
YoBl 1 ATom 1 AR T R RN AR g e B [l (wafer) Ak 5 de F R
BT HFPD e b FRE- B RA R F R B Iy BB
BELEHF  BIIHTHPEEFLF B £H 2 fIr P REHT
o {17 & — B2 S OB T LR RFRGERT HEERNAZ p AP B
AN R AN TRELF H4F) 2 A RIS B R - g CeERAE(F
T AE) 0 M EAR T UE R T AT - R A A R -

SRR e e
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e — L AL 4 £ 4
L Metal e -

— TE JTE WTE
L Metal =

- Metallization » Leg Dicing

Ceramic substrate

TE

Ingot Dicing &
Polishing

Solder
Electrode Brazing filler
Surface finish
for ceramic substrate
Interconnect & Module
Solder/Braze ‘ Assembly

Application
Bl 1 ¢ 8% % #i e (Thermoelectric module)z_ & %13 jn 42 o

2y BREHEHBRTIREEZEBE

TR AR AT AR L n A p A R AL e
ﬁﬁﬁ*ﬁ?%%@f o A gt E - R A - DR HEE Z
&R LT SV iRRR 1 [3]

(Sp=5n)°
((Kppp)l/z +(knpn)1/2)?

1)

B P Spn~kpn % ppn A B E N A2 p A4 T H 4L e Seebeck % i ~ A4 B
,’«gta FIF o i8N 174 EnA12 pAlMALE p anipiEdsd > T s d keh

TR E g2 b2 o i iR 27 5 (conversion efficiency) % #; 2 (power output)
n—j,,#‘z;;t’# KHTE g 7 A ik o S ﬂ\,ﬂpwﬁzéfgth » 5% d  loffe
31957 R o ARa Pt E 2 poak T BB B T e anid S @ o T
TE K S R BRI GE 2 EerE R Dk (Al gf'—n:; Bl
Moic o Bt o fdRmhey BT o I R REE D LI T T S0 [4]:



Na(Tp—T¢)

Aa(Tp—T¢)
[ = 3
2p(n+l)(1+2rlc/l) ®)

He N ZHCep #7442 8P > a 5 #7 H42 Seebeck i#ic> Th 2 Te
QW@iﬁpﬁwﬁ%wm&&’hﬂh A ERTHP2#BES A A 5
BEHMEZAGEF) [ SEEHPEZER A S | AR HATHEZE
BER N = 2pc/p (p sEITHPE2ZETFT p. PIZHBITHPZETSF) -
@3 on foor A wFITT 7§ SH(electrical contact parameters)£ £ 4% 1§ S#c
(thermal contact parameters) o ¥+ * #cem 3 > S n & r B ¥ A %9 5
0.1mm ¥ 0.2.

FE PN N@) A HimE DN /Jﬁr@?] 11 (power output, P) % #
#% »x 5 (conversion efficiency, @ ):

p=%
2p (n+l)(1+2rlc/ )2 @
Ty—-T
¢ = > ( 7 ) (5)
(1+77%/,) |23+ () ()|
B Z TSR LARHLBE T L e R 3 Ak N FRATHEER

ARG > H R EEATII g 2 dR ARG P AR

=~ PbTe A&k Hildrig & v
PRATH TR T AR A kA 2 B2 e o AR ()UK
B TR B2 AR QR F B ERTEEQRTHE TR
BAEFFFERDTRIFL - PR FRA P FFEAF > TR
ARG 0 AR e AR 2 o d R T HR A LT R BT R T R
A BEERE AR Y R EBEEREMN > T A A H1)E Q)0
RALE TR~ Lo
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4-1 #%R i ? TR F 2L A-BRER A

Bl 2(a) 5 £ A B FI RO IE Gl TR A 2 4 A F R [B]e 2t R %
B e a4 100°C > 3 A R R T ABERER A FAED
F R 2 A A E T 3 )e gt b AR ek B AP < i E > 94 2um
i :5‘_(‘—5’ E;%F’ki‘\i)’ PARA s g B ’ﬁt,“a,ﬁﬂ“"’h’%*ém?‘mﬁ ’

% e
Mg Wm?d’mw* R L Btk PR - )
AR

Lo A S B AR > H R SRR 4 R AR AR E o FUPE R
Zq"ﬁo év\%iﬁcj‘&—i 4(}:‘]9%&0

(a)

8
8

5
8

s
8

8

Maximum Von Mises Stress (MPa)
5
8

ll)l’lllll‘”l’llk!
Node Number

B 2 #4008 Gfic? TR A G SRR 4 2 4 F ER[5]

44%&F%1ﬁ£%$%

&R FRIBTHPEPREFIoa B F o > 23 X248
e T giEn Rk 2> ifw%“ B4 200%:ih+ A o Ra v
chfli b eARirAnE B o - 4ka 3 > PbTe AT MM TR AR Y A 200°C
~600°C 2 [ > By fER AR R o LA MER RS S G Eh . G <30
Gl A it Ft P BB T e e e g SRR 1 (TR

TR BRI R AT AT UIRFR e B R D R E 2 SN F A
e BEIR A 2T LR 4% 2 (Brazing method):g 7 B~ % o ff 4% /% @ & 2 Vo ke 40
£% 5 W AS 20 B Ao~ 3 3k (brazing filler) » #-8 & 2 3 Az H 3 gEi H
R RN DT L %ﬁﬁﬁﬁﬁ’ﬁﬁﬁﬁﬁ%M&*J '”%g«*
450C o R > e NG M BRIEEIR > WS LS REARY FEE
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4 FOPE R Hc ‘T“]'ﬁ ¢(CTE mismatch) # 5% &5 2|3 » ¥ — 2 #Hicre F:fL%] ERYE=R
GROE T S BT B R BEME RERTHERNA T RTH
HL[6-7]  Flut ¥ ~ B8 ed T H2 (5200 °C) e 53 N+ o 1B Siengd 4802 3

PV AR A &L

P E LR B THIIIRTHEN AV L2 T2 L ARTHE
oo b LR K EE HOF DAL g (diffusion barrier) o & gy e g
Winstein % ¢ 2 33 PbTe # 7 #4112 % /8 (858 °C)+c B = 2 - Fe R & H £ &
8] HAEEEA R G T L 10 pQ-cm? s B oG sa BT BT HEF o S
Fe-Pb-Te = ~4p B¢ » ¥ L% 5| & 600°C 2 T 7 45 4p(a)2? PbTe 4p £ 5 » I P& Fe
= PbTe mrﬁ/%fi A 3% e FR A B A RITER A BET A S PhTe
B4R g dp g B A TS JRATERA R - A o B
O S J}p 9] BABETAEFFI AT FHFAF B AR AN - JEFD
Fitk Ea ERAGRAESEHFE T AR ZEEAAEET T NBITLH
IR 2 B - BREiGE  FHEEAR ﬁ¢$£§@ﬁﬁﬁ¢&%ﬁﬂ
e

Ni 2R FF* U e P £ 5F L endfffer g 442 o Orhashi % 4 gLz
NiZni PbTe# 2 il &2 B a[l0]> &P fgenT e it > 2R a Ni&pil
PbosSnosTe # & + i N’gé_i}j et B iv* > A4 %eanit S5k > AR5
FeiE & kg b 2o Xia & A i 7 {5 Fwav® 7 [11] 0 8 3 Ni/PbTe - #4 & (8 -
Ni B peos Bk bfh f g 7 B Pbadrdl 5S4 40 Ph 5 Sk % o
#teb s & Ni/PbTe % & /i‘n;;& + £ 7 NigexTe2 &2 NisPhoTes 4p 4 = > 255 ¥ 4] e 5t

g 4 ~AF R FIERCRGERIE AR A R A BB i
g ;D#El?i’ Ni frm 2 &> - ¢ BEINFRDE D é—f?ﬁ%‘« » H A5 B A2 B
L) eiEer NH@+¢ﬁ%ﬂiPMbﬂaéﬁﬁ%-%ﬁ@%’tW§@%
X2 NP2 Te=zfE~20Q2)% &5 A B 481758 > NisPboTea 4p § B 42
ARG IQ)FREEEREI NS LB X RBHET A R
%@@M‘*$WTg¢p< FINi 253+ i hNi-Te i 8/ &4
e g &y AR * 36 RESHH 6 R KFE Nihig

’

=y
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(a) (b)

PbTe P 4

(c) (d)

1z AR ETE o 4ok Fe 2 PhTe ehF i » Ag &2 CU & fH L
Bl TFRERPM 04 352 PhTe g2 L 23 iF% > 5.7 PbTe ¥ 72 ¢ B3

Ag 2 Cu k= > ?]Mf 7 Fe~ NiftfLoh 5 75 v)]?c:t&’g 2 P12 Ag & Cu it
5 FAcierm g 2 [1213] - sz A7 3 dp > Ag &2 Cu 1 400°C # #2231 1000
JPELS o 4 B] g Y AN FRA) 2 ] 5T 2 4R (< 2 pm) - AgzTe & CuzTe @ 4e ] 4
ST o LB H T [ ehd Ty Ag/PbTe/Ag 2 Seebeck i #icit ¥ PbTe :& & ehg o
Ag et B 3 PR B EY S a4 B4 5 0 F & PbTe ha i) ¥
#4130 um HAg K 0 2 400°C eh1 (FR R TR IR 37 & 4 4R 4
2B o Ra > CupTe 2 £ chig A& 4pd AgoTe % 1@ (Bl 4(c)) >  Cut Ag { % %
AR TE R AFE Agipe R HiER S Cu KRF R EDER -

T2 Ag ¥ Cu @ B 400°C & #panis b g M F BN 0 R4F L4 &2 PbTe
RN XN Y SUENRIEE B0 A S
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(a) Ag/PbTe/Ag

(b) Cu/PbTe/Cu

g Lj©
~ - o Cu,Te (Cu/PbTe/Cu)
) ~ /:, ' o 2
L <
N -
> 2 s o115
o e %3
. PbT 20 Ag,Te (Ag/PbTe/Ag)
'™ > e
E ~ 08 _‘__-.—-"‘
— 3 R |
5 o 5 10 15 30 35
- waam Hm Annealing ‘l’ime (h“?)

Bl 4 - (2)Ag/PbTe/Ag ~ (b)Cu/PbTe/Cu *+ 400 °C it {7 1000 /| F5 2 &7 jLip] -
(C)AgzTe £ CupTe A8 4# b4 fa 400 °C  SE 44 AT 5 4o e i [12 ~ 13]

T R AT Z T CER R R EEA T E KB AL
#1408 3 & Hotw SLID(solid liquid interdiffusion) Bz #8454 & /2 P 4 R ¥ 304
T2 @l AR RIEs I MBREFECAF) e ERE T L EREL G
BALREC L EARALREBEERAF h 2 2 RS LG R BB 4
B i &~ (intermetallic compound)4- @] 5 #777 > st fE B 42> N i BE L ¥ L A
BB TEREAFEL o mELTE 2 XD EE R FRELRE R AR
AR TR AT a BIF L RN S MR X3 R
TR ghflfe > 2> 43T & AALR 538 % 230 3D-IC L& F F e b oo
Lin & 4 L0 pbyz v (405 B2 A 4r(In) 22 3 23 2h2 4 4(AQ) e K MR T H
#L BioTes et e [14] » 1945 Ag-In = ~ApBIensgipl - B A+ 2 e ? Ag &
In €34 % B2,= Agln2 i £ % > 7 B B A2 166°C pF > Aglnz § 4 f& =% 4p(L)
B AQIn i £ 55 40 FERAF AT Fleoiria(L) € By Ag F B S AT
1 AQIn B FIETF ek ;}g CERR RS EEERET 3 AM Ag§ Ag 4P (silver-rich
phase)2 AgzIn 4 &£/ » = AP 3 8% % 3t 660°C > » fr*u%';‘ﬁa P EREEYE
660°C P 1L (FPF > 7 £ F 4B YRGS IEZ B ST L BT -
BB AT B2t 250°C T i (7 200 ) PEF e BEACEIE (T AR 23T 0 P 5 1E
EEHT e B 150°C T2 T 15 & o PRAEBE E AT E L o Y P T
B FfiE - H M0t HAER Y Y R PbTe # % ez 3 [15] > 25 & -
PbhTe/Ag/AG2IN/AQIAU/ALLOs & % %1 » 5B 400°C #: & »2 1000 i -] B*%é P
Booose B adEFE 20t > Agaln 4p { d 3% = F Ag 4P (silver-rich phase) » & - # i 4%

BhpE (TR R U AL E 660°C - B 6 5 & AQ/In/Cu SLID # & ﬁlﬁﬁ‘%’:(Pb
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Sn)Te # #4247 BLA[16] - F % 5 * B~ 548 400 °C 200 | p5# 2 il
AR oG ks BA5% NisSng 2 Cunlny - @ @ Bk Agsin masFfgz » g7
3 &4 5 105-108 MPa > B o (R 4 & P B4 o

Thermoelectric material . ;
Thermoelectric material

High Tm High Tm
Metal Metal
lowT, v S m
Metal ~ co—
High T,, High T,,
Metal Metal

Ceramic substrate Seramic Subseate

B 5~SLID Bliaicdz iz AL -

(©) PhsaTe  (d) ! PbSaTe

Cuy,ln,

B 6 ~ (Pb, Sn)Te/Sn/Ni/Ag/In *+(a) 175 °C, (b) 200 °C, (c) 225°C % (d) 250 °C /& 42
30 A48 £ 3£ 17 400°C 200 /| PF#AST 2 B G LR % [16] -

I~ BW

B EE KO AT B BEORT IR SEE N R A6 BT
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RS A TRB B GPTRRIFRE L PRSI
Performance Evaluations of Diesel Engine at Various

Blending Ratios from Waste Cooking Oil Bio-diesel
T s R S 2
Ming-Pin Lai, Wei-Ren Chen, Yong-Yuan Ku and Chien-Te Lee
PAEE A B §RFT 7 RRERY
Enviroment & Energy Issue Department, Automotive Research and Testing Center,
Taiwan, R.O.C.

&
Gt R 5 2B Y F R R e A RAFE D S
* 4 e d (Waste Cooking Oil Bio-diesel, WCOB) 3 %%t 5 i 58 R ¥ 7 354 e
EWRIFoATY SRS 2 FRBHETIEFE g P2 BPEER
AT e ok SBE 452 L T et %](D100/B2-B100) ~ 5! & & > & * B R K
CEENE S AR RIS ] §§E‘] D4 s B4 BRE 4 i i 4L 5 (Brake
Specific Fuel Consumption, BSFC) » & &4t & * 2 Fro i 2 778 &4 47 « F %
BRI RET 2FEB R OART O RIS 2 S TR
it > @ BSFC :xid FP|E AUMH 4 g1t > 8 #2x5 (Brake Thermal Efficiency,
BTE)iZ 7 P &g % i - »> WCOB100 %83k &7 > § 4 T3 g 454 11.2% >
BSFC 2. T 32 L F 3 4 3 15.7% - = WCOB s de vt B> 5%VIv(Z ) o B
54 “BSFC#2 BTE 2 T3:cd F 23 % X £ B » ¥ 30 +1%0U N - ¥ 589 %
ﬁt%?%@ﬁ%%'fr’ﬁﬁ]:". B4 2 BSFC 2 il Fpnd o2 e 24p W o
M4EF @ 2 F M~ Kard  RE
Abstract
Having diversified energy applications is a necessary process to the development
of alternative automobile fuels, and the waste cooking oil bio-diesel (WCOB) is one
of them. One major benefit of using WCOB is the reduction of the long-term
dependence on fossil diesel. Therefore, this study investigated the applicability and
effectiveness of WCOB on the engine performance. These experiments were carried
out at full throttle with various WCOB blending ratios and engine speed, and then the
engine torque, power and fuel consumption were measured. Also, the physical and
chemical properties of different ratios of WCOB were analyzed. Interestingly, these

1 P E A B ﬁgﬂ%;gljgﬁﬂ S B AREF
E-mail:_hydrogenlai2012@gmail.com
2 OB A B RET L ORIEY o BATR T R
OpME A B gRAT LRI > 1 AR
PAMEE A B Rt 7 RRRY s BT
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results indicated that while the WCOB blending ratios and the power improvement
had a negative linear relationship, the WCOB blending ratios and the brake specific
fuel consumption (BSFC) improvement had a positive linear relationship. However,
different ratios of WCOB did not have a obvious effect on the brake thermal
efficiency (BTE). At 100% WCOB, the average improvement of engine power was
decreased by 11.2%, but the average improvement of BSFC was increased by 15.7%.
On the other hand, when the WCOB ratio was under 5%v/v, the changes in average
improvement of engine power, BSCF and BTE were all within £ 1%. Moreover, these
results indicated that the improvement of engine power and BSFC were both directly
related to the heating value of biodiesel.

Keywords: Bio-diesel, Waste cooking oil, Heating value
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Manufacturer

Engine type
Displacement
Cylinders

Bore * Stroke (mm)
Air breathing system
Compression ratio
Peak brake power (kW)
Peak torque (N-m)

Idle speed (RPM)
Maximum speed (RPM)
Recommended fuel
Fuel injection system
Injection pressure (bar)
Cooling system

After treatment devise
Emission standards

China Motor Corporation, CMC 4M42-4AT2
Four stroke

2.977

4

95*105

Turbocharger and intercooler
17:1

92

294

650+25/-25

3700+100/-50

No. 2 diesel fuel
Common-rail electronic

Max 1600

Water-cooled

DOC

EURO 4

22 & L FRW AN
25 e Al 2 FLh Bt FL G CNSHR e g e 2 T 2 4 &

= & & Pg Pk P fg(Fatty Acid Methyl Esters, FAME) ~ »5#t+ 4 (Free Glycerol) ~ ¥

4 i fis (Monoglycerides) ~ = 4 ;& fiz (Diglycerides) ~ = 4 # fi; (Triglycerides) £ 4+

# (Total Glycerol) 7 £ o b & A 478 5> A F B orid * 2 gr & * 4 &4 (B100)

FAME 7 £ 3:£98.08% - v& fib /4 g 2-(Cold Filter Plugging Point, CFPP) & A # &

CNS15072i% S » HApliiidaihd © # SCNSH S04 o 25 50 R E R
Mpar 4 ;‘rﬁ,d: Pl G I B M B 2 B 2 #,_ﬁjﬂt b
= D100/82/B5/BZO/B40/BGO/B80/B100Eﬁ o 27 D100 & R pE* Lid > R4 5@

Tﬁ x4 ?‘H;L‘}, WCOBZEJ ﬁ.*ﬂl_g_/? Fi\-,:_r,_”;, = /Tétgﬁ _ﬁ ALY % 2%z ;g\ a8
4 F e 5 WCOB5R] & » 7 e REFEE A S 5% A R B s gt e o
WCOBI100#] = 100% > ¢ & * 2 B &i » & Wi 5 ¢ mﬂrﬁ ETI S e
oo

it 7 4 54 (D100)£2 2 i 3 74 (B2/BS5/B20/BL00) et b 444 2 e b 2 34457 » 4
B 2470 & ¢ 2 fq 7 £ (Ester content) ~ % & ~ &k & (Kinematic Viscosity) ~ ¢ 3 £
(Sulfur Content) ~ 4 /s 2 ~ ¥ i* 4% 7_{+ (Oxidation Stability) ~ %% #4 & (Lower
Heating Value, LHV)$2 C/H/OE £ 7 & 1t o i & 47 (7 02 i s 4o BIAE R
2 %&'—,’i’%é&‘ﬁ“&i&i‘gﬁ v @ ERF B RT GOAE Lo g v ;xz,_l;% RN
B2~ B52B20 ﬁlJ‘J,”Jt beis o L pEhA BI¥R 5 -25°C~-23°C¥#-14°C 5 p#ciE
FRTEERN B g R £ F 0 2A ST 4 (WCOBL00)®
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53t He B 4 1 2 3 (Heat Release Rate, HRR) » i »
4 ’F'r”l‘/ééimjkl’* B s o B RS "FT'TE..

,L'g \f:!

2 2 a% pi4 A 2 2 TR & CNS R i
CNS15072 Waste Cooking

Property Unit min max Oil Bio-diesel
(WCOB100)

Density@15°C kg/m® 860 900 879
Kinematic viscosity@40°C mm?/s 35 5.0 4.26
Carbon residue %(m/m) - 0.3 0.01
Sulfur mg/kg - 10 2.02
Ester content %(Vv/v)  96.5 - 98.08
Water content mg/kg - 500 358
Particulate matter mg/kg - 24 10
Cold filter plugging point °C - 0 3
Oxidation stability h 6 - 8.6
Acid number mgKOH/g - 0.5 0.27
lodine number gl2/100g - 120 107
Linolenic acid %(m/m) - 12 2.95
Unsaturated FAME %(m/m) - 1 <1.0
Methanol %(m/m) - 0.2 <0.01
Monoglycerides %(m/m) - 0.8 0.1008
Diglycerides %(m/m) - 0.2 ND
Triglycerides %(m/m) - 0.2 ND
Free glycerol %(m/m) - 0.02 0.009
Total glycerol %(m/m) - 0.25 0.0351

N I T E Y SEEN SR Y

Diesel Waste Cooking Oil Bio-diesel

Property Unit Testing method
D100 B2 B5 B20 B100

Ester content %v/v 0 2.20 5.18 20.49 98.08 CNS 15057
Density@15°C g/ml 0.8337 0.8346 0.8359 0.8425 0.8791 CNS 14474
Kinematic ’

viscosity@40°C mm</s  2.62 2.65 2.70 2.89 4.26 CNS 3390
Sulfur ppm 3.55 3.52 3.47 3.24 2.02 CNS 14505
Cold filter oC i 25 23 <14 3 CNS 15061
plugging point

Oxidation hrs ~ 3200 >200 >200 86 CNS 15471

stability@110°C

Lowerheating  njykg 4305 4298 4285 4201 37.06  ASTM D240

value

Element C wt% 86.40 86.00 8543 83.93 76.43 Elemental Analyzer
Element H wt% 13.60 1298 1352 1322 12.34 Elemental Analyzer
Element O wt% <02 <1.0 <1.0 2.64  11.23 Elemental Analyzer
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Power (kW) =Torque(N —m) x Speed (RPM )/9.549 (1)
BSFC(g/kWh)=m, (kg/s)/Power (kW) 2
BTE = Power(kW)/[m,,,, (9/s)x LHV(MJ/kg)] x 100% (3)
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100 320

Power (kW)
Torque (N-m)

—0——m—D100  —O———WCOB40 || |
20 —O——@—WCOB2 —O——@—WCOB60 || 160
10 WCOBS wcoB8o {149
—v——¥—WCOB20 —O— —#— WCOB100

—— : . .
950 1200 1450 1700 1950 2200 2450 2700 2950 3200 3450
Engine speed (RPM)
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RIGRNE 4 e F2 5B 8 AMELTHEY §482 7% - 47 - WCOB2 2
B4 F A 10% ~ -11%2 > sFE v 5 2 54 TIE L -02%;
WCOB5 2_ & # i & F 437 01% ~-1.2%2 fF » 55& 573 51 S 2 5 4 T35
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Waste cooking oil biodiesel blending ratio

B3~ A ey & oo bl7T - SIFHEHE 4 sof i i3

3.2 R ERBEFF L

Bl 4 43 A a® & Faih Rt b2 5IEEE {4585 4 24
F(BSFC) e 5 o vt 7 305 5 B by 1 H ) § 4 (KW)PF 7 & it i 42 5
(g/h) o %50 St @ BSFC #ic @ AR MARIF » ARF AR A R0 i 425 mE - F
% Far s BSFCHEF 5| @ 0 RIMATHE L ondfd > 1 £ F TG
151 5 g Eﬁ%l M Fpt g EF R G pE s ] E B 4 H i ) 4L SR
PR o AT B 4 P g B PRR Y 38 % (Performance Tuning)- i ## BSFC
MR F R R D AP ARE o B P B M entpl e F a3 B 1700
RPM F » pb B i i 4 2 2. 3 BF g ~ 7 L5 (oMb o AR R > 4 s
MAPFTI B € RF BB LS JEE R FR R MR
ARPRE W SBCRTT BB b 2 TR FH RN S A 7T
TR R H gy 41808 4 o g A 1700 RPM & 5]-D100 2 BSFC & 2104
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Studying of the Calcium Looping CO, Capture Process
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Abstract
Industrial Technology Research Institute (ITRI) Capture carbon dioxide(CO2)
technology started in 2008. In 2010 ITRI established a 3kWth laboratory plant. The
1.9MW4, calcium looping pilot plant designed by ITRI had been constructed within
the Taiwan Cement Cooperation’s Plant in Hualien in 2013. In 2016 ITRI had been
constructed a 500kWth cascaded cyclones system.
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The 500kWs4, pilot plant is close to the 1.9MWsg pilot plant. The parametric
investigation of CO; capture efficiency and the continuous operation performance
under steady state of system in the 1.9MWg pilot plant has been studied. Effects of
operating conditions on the calcium-based sorbent transportation performance and
hydration conversion in an entrained-bed hydrator were investigated in the 500kWth
pilot plant. This article will show the newest results of the each pilot plant of ITRI.

Keywords: calcium looping, CO> capture, CCS
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Studying of the 30kWt solid fuel chemical looping process of

new combustion bench scale
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Chien-Hua Chen, Yu-Cheng Chang, Hsiu-Hsia Lee, Hou-Chuan Wang, Kuo-En
Huang, Cheng-Hsien Shen, Ping-Chin Chiu
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Industrial Technology Research Institute
Green Energy and Environment Research Laboratories
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China Technical Consultants Incorporated Foundation
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Abstract
Among the various CO- capture technologies, chemical loop technology utilizes
metal oxide as oxygen carrier to provide oxygen for fuel combustion combines high
energy efficiency, low emissions and low cost of carbon dioxide capture feature. It is
the most forward-looking technology advantages and development potential.
Industrial Technology Research Institute (ITRI) has established a 30kWt solid fuel
chemical loop system at Nanzi district, Kaohsiung city.
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Use the system to validate transport phenomena, such as pulverized coal, L-valve,
oxygen carrier, etc. In addition, the attrition rate data of oxygen carrier also obtained
simultaneously. This system can also be used as an oxygen carrier performance test
platform and accelerate the development of chemical looping technology.

Keywords: chemical looping process, CO> capture, oxygen carrier
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