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CRT replacement era Device innovation The future of display Display market

Flat panels more attractive Creation of new distinct Transparent, flexible,
than old-fashioned CRT device classes using liquid holographic and part of * Highly dynamic display market;
monitors and TVs crystals for displays walls / windows pace accelerating

> 2015 = Closely tied to consumer- and life-
style-driven end market
> 2010 Convergence = Driven by innovation and new
l of lighting applications
g and display...

1995-2010 . = Enabler for devices that capture
; —n Smart — —— —= . .
] B megatrends urbanization and
o communication
Tablets and “ Flexible
Notebooks, S

o

Monitors, eBook : . - .
Vs o .‘ E readers Transparent m ‘ Display market is innovation-
—— ' driven and constantly evolving
o impahrt TVs ; Holographic
ones Ee e
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36.4 tons of hazardous or toxic waste were added to the world

https://en.wikipedia.org/wiki/Toxic_waste
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Amazon deforestation decrease

Square kilometres of forest lost annually

VENEZUELA
2006 14,286 COLOMBIA
2007 11,651
ECUA Amazoh
2008 12,91 CUADOR AMAZON
RAINFOREST
2009 7464
2010 7.000
PERU
OCEAN
2012 4,656

http://e-info.org.tw/node/82324

400 MILES
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Traffic and air pollution

GO AMAT o 23




BiFxER S FF P25 > 3

® o

< > < > <« > > 4>
5 7ONI ity - 8: REE  HEASEW AN
90pm 30pm 10pm 1.0pum 60um

Bobim o v 1 Eprts
PRS- e

2 N A S AL
SR AEFE o

Wy
&
%

P
=3
'H?A\(Eﬂ
£

° /}5\4 P v{ﬁ{\{é’ o
C PR et
RGP R AP .

- EMRFETAS -

[, B N\ - :’,
e AP
: "-..‘.:; @,f‘ dovd

el

20124E5H 14H

F oo RO

PM25’“7$3/-‘5"4%{I >

"

'Kjlﬁﬁiml

/‘Lt}g #L«gi%‘%‘
ﬂ}i%‘?’*,—ﬁt‘m }g

T
—I-
N

- \—‘lﬁa
J

\— \ra“m -
A —4E 2?3_3- I

e AR A TH,
g PM2.5 - ‘E?L?é?i,.z

v

= w 7 Sﬁ 7 4;!]}; ]
B TR o
1k {? JPADEPS B#gg;;g_}%@ﬁq
PM2.5 %o Rt 5 ok o



jhﬁﬁ‘tﬁiiﬂk

PM25aBRanE 420.0

ENENN(PY; ) RENERNIRRER
[mmme 1+ 2 3 4 5 6
el . 2 ERER

Pz ST 0-11 |10 :!M 2
I toniehy | B







TATUNG UNIVERSITY -



WP A KEehd L
2RI E AR HEE A 2R B’#"“‘Eﬁ”/}'ﬁlw
i£7132% > LA RBAER T F:E30T 0 HY ¢ %
ﬁ%%ﬁﬂé’ﬁﬁm&£¢$&ﬁmf*ﬁ§o

>~y

.

) RaRE e

v

N\BARTYS

TATUNG UNIVERSITY -




YRBRAFHERR NG T
"% ol s 2B EY YRR S S TIT V26T
RFRBEES I SRS F2 L EARG 053@4# PRI

AR
g 86%  86%
Ak 16%  36%
s S |23%  28%

e EFRZAL ANWHEFA.LESPYRIEESEI ARE o
c HYHEAIFET-_FOLR-PER S UAZAGT o




O BFAIT ARl D HBIIA
O g Ll 2015%10% 12p

&%Wﬂ BT R SR EPRNAT G PSR 4o FAF A G LEH TP 5 %
BE B A PRy TRENRE B ETEE o
kp F 19?]4‘: RN & S &L A o = ;gff T_+~ & (Hasanuddin University ) =% 3 4
A » KB R4/ (Makassar) 5;'%%&76 Bk A o U E S ss (Half Moon
Bay) 1‘?1{ 2758 (Princeton) =77 30 B 641> gtk AT AT o
P"“ SEpwgFitpgH ) T pgpL | (Scientific Reports) F o 2387 7 E4F 3
%f&#%iF:%ﬁ@ﬁ%@ﬁ°
FErARe A Fa gt WE2d s A P oL datih c AP feies
A ~Bh ~fEh A A Ao A E b
Fraosr  wirr > 28%ma* g S p 3 PRUSEE - o F TR 3
BO0LEA) 0 25%cn @t ARG G ¥R SR o ALK AP B Iﬁ,miﬂﬂ\%’ﬁg\‘ﬁ W 4y
M AP FRAEE G 80% L GH BEFAKAY 2Ly BE o
Py BAe T B R ﬁﬂi*&%éiﬂ'i%fri*@\ﬁ%‘ﬂﬁ%l LIRS o ) %l
e N R o TR0 ,5:7‘*%)(9* ko 'ﬁrv)’u}i A PrRILE R 4 FH T A g o
SFEERF T IFEL DR iTE o Ao s B gagre $ (University of California, Davis )

SN
= %
ht

ff,
o
Ay
F_*
St

2" 7

# R (Susan Williams) 45 &) » B s 22 fe E g d2fo b il fic- > L ad
}%Lf"r ?F » & 3L Rk S qu;gs Pai'fr',a,fﬂ’ s APSU R E B o

T kg iﬁ*’ L Bk {ZL%m”%ﬂ“‘P*ﬁ“ﬁﬁﬁé%““’qﬁ Ff”ﬁ fere TGP
félff‘i:"_, o ThETR A ‘ZL Eol Mzzh! '}‘ » ok A i 7 }a P& g TR
LR N N %E-yz m P ﬁ&; ] uiﬂfr',:_ﬁ_“*«#%ﬁﬂ Bk 'R oo

() KAKE =)

TATUNG UNIVERSITY




. J pr g 'l" % A ; - ., =
v P ) £ ‘?:x:‘:,(.’_ o) R R

et.net/b bg/post/315441

r
)
/

@ k[%] ?‘ ff?_http://elIaeric.pixn

L e




http://ellaeric.pixnet.net/blog/post/315441

=
4
=
C
:




AERAREMENNRR » EERIRXFINERFRIN

FRANEBR —
HAEEEDR

EXFERARN
BIRA B

HL)




Snapping turtle
fune, 2000
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TechNews
SRR

40 & iﬁ A 12014 & §ARFHB*®
i# 3% f?.ﬁ{#ﬁiif_ﬁl’%iﬁ"u

http://technews.tw/2015/03/17/20
14-carbon-dioxide-emissions/

264.66 31,342 12,341 7,954.55 5287.18 1,186.04 587.73

23 = = 1 2 5 7
23.39 6,958 1,241 1,344.13 312.04 127.83 49.78

11.31 4.50 9.95 5.92 16.94 9.28 11.81

0.34 0.45 0.33 0.80 0.40 0.30 0.43

OECD:g & fe T4 & o 3k
TSRS http://estcl0.estc.tw/ghgrule/QA/QA list.asp?id=12
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The amount of atmospheric CO,
was rising just before 1800. It was -
in 1769 James Watt patented the
Steam Engine.

e e

ODZ cocamiation (ppm)

June 2014: 401.14 ppm imosphen. G0 Concenraion o centues
June 2013: 398.58 ppm

340
330
320
: - : - : 390
. . . i A > #

| Atmospheric Carbon Dioxide | M L og0 £ s RECENT MONTHLY MEAN CO, AT MAUNA LOA 210 i

Measured at Mauna Loa, Hawaii "1 = ;
e VY (AEEEEE 1370 § 300 £

| | | i 8 g v
L poommoooes A1) (A 1360 2 3 A 290 #
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: L : 5 ' 5 260
T A LA R - 320 2 2eh 3 1600 1700 1800 1800 2000
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Positive proof of global warming.

Century 19.Qof 1950 1970 1980 1990



CO2 Concentration (ppm)

Departures in temperature (°C)
from the 1961 to 1990 average

e o™ 404.29 ppm

Ice-core data before 1958. Mauna Loa data after 1958.
ittt oottt etk et ——

T Y T T Y T T

3501 I -1
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National Oceanic and Atmospheric
Administration (NOAA)

-
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250 e e g e R e e e g oy
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1750 1800 1850 1900 1950 2000 32 Y ) A a2
FEPEEEEEs S |
* ] 1 1 I ]
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s X ] il
f , \ | 1Y \
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- ! " l| \l " ;
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- Data from thermometers (red) and from tree rings, | -
L corals, ice cores and historical records (blue). | Cl | mate Change (l PCC)
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BHERY ARBEFELE € (WCED) 1987# ¢ ;¢
g Fimd T A g E (sustainable development)
PR AR TRREFAR29IRA2IE B8%
RENZLER 5 ARFFR A3 h2- 1%
ATRH o

1992 3 "EBEREE TBRBEEEFE | R RE
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Life Cycle Assessment — The very big

pictu re Raw material and energy consumption

| Process Development R
l Material Selection Soee Raw Material  Intermediate Products  Final Product

| Hazard & Risk asse&sment’ Extraction Manufacture l
’ L& Ce A
*’2 Sales and %
Marketingl .

h

Ultimate
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The Metrics of Green Chemistry

* Why consider sustainability important to the
chemical enterprise?

* How can we use the 12 Principles to practice
more sustainable chemistry.

 Who cares about Green Chemistry ?

e ‘£
&) XAx%E )
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431998 BI'% A T2 4 B gk (OECD) 2
?,%_7\ 7\§"L‘§?/€ﬂ ng—r"L‘ I‘,\ %"L%?Jmi
E N S - e S LA O SR - A G I
JV})E"'/‘E\“‘))J"‘,/TTJ %«%ﬂ?x B FEYE o L FIR
FELE2 i BAASAXEFE o 7 L3
Ao FRREF (EPA) Paul T. Anastast® 1L ot
1 #p Y < 8 dajohn C. Warner#c e » & *7%
Green Chemistry: Theory and Practice (Oxford
University Press, 1998) ¥ 7|41 T x4 v &8 | gt =
BRE] e LB R hImg o W2 AT
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AGFILEL - R
e P Prevent wastes ([# i+ & kl)
* R Renewable materials (* # £ | * £ &)
* O Omit the derivatization steps (4 & /=2 # # 3?)
* D Degradable chemical products (i* &4 ¥ p 7 4 f#)
* U Use the safe synthetic methods (# * & > &4 =%
 C Catalytic reagents (41 * it )
* T Temperature, pressure ambident (=¥ /8 ~ ¥ BT & &)
* | In-process monitoring (if B¢ & = iE 42 )
* V Very few auxiliary substances (- * # 8% 4~ )
* E E-factor, maximize feed in product ( % #-E-7F]+ g5 2834 89)
* L Low toxicity of chemical products (# * & - £ 3 )
e Y VYes, it is safe (% - ffa%’—\i%’ >)

Twelve principle of green chemistry written in form of a mnemonic:

PRODUCTIVELY (F = % #)
(S. L. Y. Tang, R. L. Smith, M. Poliakoff, Green Chem., 2005, 7, 761)




1. Prevent waste: Design chemical syntheses to prevent waste,
leaving no waste to treat or clean up.

B R R KR e M B R, RE A T RIE R A
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Bt & 9 RAE
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E"-Factor (Environmental factor) =
(sum of waste)(severity factor)/(Wt. of product)(1-diluents)

Hazardous Waste to Land Disposal/Containment 10
Hazardous Waste to Incineration 4
Non-Hazardous Waste to Landfill 2
Waste Water (to Treatment Plant) 0.5

E: 0 (ideal), 0.4 (low), 6 (moderate), 50 (large), >200 (maximum)

Roger A. Sheldon, Chem & Ind., 7-Dec-1992, pg. 903
Roger A. Sheldon, Chem. Commun., 2008, 3352-3365
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1992 & j= jF DelftH #+ & Roger A. Shelton¥c#%

Industry Production E-factor Actual
(tons pa) waste tons
R oo ] 106 — 108 0.1 10° - 107
Oil refining
1 -8 2Bulk | 104-106° 1-5 104 - 107
chemicals
R G- g 102 — 104 5-50 103 — 106
Fine chemicals
gﬁ 2 101 - 103 25-100 250 -10°
Pharmaceuticals

EF| %k (E-factor) 2 7 @3 % - 2 T12FFAL e HBERF 2P PRIAF 2Tk
(E=ko®l A+ /kgi &2+ )




Cytovene

* 2000 4 15 2% & 7 4% B FF 4B 111 % 2> =] ( Roche

Colorado Corporation ) - [ 5 E LK B [H 1S

=5 (guanine triester, GTE ) #4545E K 5= %i500F -

a]FIHEI A R (CMV ) BOa R & 220 HY

ganciciovir (5 n24Cytovene ®) o [HHEE LG E

BLREV 2288 A 117 > FEICRASFEKe6% 1MHE &=

SRS EEEY /) T789% o ATESELRN FEH AR A
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CHj COOH
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» 19974 HIE 8455 ﬁ?i(BASF) L =] - EhL el
(Hoechst Celanese) & & El|¥HYBHC /Y 5] » o2 E)E
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2.-Design safer chemicals and products: Design chemical
products to be fully effective, yet have little or no toxicity.

R BEEACER A RY: R TSR BRMFEBIKRTR
FHAILEEY.

Natular™Z Clarke 2 &) #145 h AR 3 8% 4 8 2 37 R A8 ). @
IR KK o BRBE 45 A 5 s K 69 PEG (polyethylene glycol) Fo
spinosadiZ &g, © BN VER &1% » —FA &L % 45180K -
HMAAE B RRE > REBERER G ATARIE T & — & A
#rx —FHEREB 02— #HRA KA BGREHZTE
mZ— o HEAGHEMEE - Natular™M @B 7T E2RE £ RAEA
MR EARESHEE R BAAGWRE  TLHELRRAT A &
L& lLSEhrmeEHN > AmiFs| 2010 a4 4 e b2 PR 2 B K
Bzibbmig -

Clarke http://www.clarke.com/

i B ﬁikﬁ = %_(htt_’p www.bioeng.ttu.edu.tw/issues/issuesindex.html)
Presidéntia S

mis}f 7 Challenge Award:http://www.epa.gov/gcc/pubs/pgcc/presgec.htm
RE7 TATUNG UNIVERSITY v = |



http://www.clarke.com/
http://www.bioeng.ttu.edu.tw/issues/issuesindex.html
http://www.epa.gov/gcc/pubs/pgcc/presgcc.htm
http://en.wikipedia.org/wiki/Spinosad

TR VI B S R T-(3-8) Wl (higher alcohols).

CO2

—EAkh

Synechococcus elongatus PCC7942

photosynthesis

R e e P I 22
H AN K E TS 2

isobutyraldehyde isobutanol
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Nature Biotechnology 27, 1177 - 1180 (2009)

BZanB%d v BFT PNt

Presuﬁtla%ﬁ*@msﬁ IC

%7 TATUNG UNIVERSITY

(RS AR e

- James C. LiaoZ {57

) —E i S+

JL/www.bioeng.ttu.edu.tw/issues/issuesindex.html)

Challenge Award: http://www.epa.gov/gcc/pubs/pgcc/presgec.html



http://www.bioeng.ttu.edu.tw/issues/issuesindex.html
http://www.epa.gov/gcc/pubs/pgcc/presgcc.html

?’ﬁe,sign less hazardous chemical syntheses: Design syntheses
to use and generate substances with little or no toxicity to humans
and the environment.

B EFRBAOLESA: RHOSALRARABMPR RO ENL
BB EFRAREHELE LR KREERIBARTEFROE R
.

e
| e o




1996 Designing Greener Chemicals Award
Rohm and Haas Company — =
Innovation and Benefits:

Rohm and Haas developed Sea-Nine™ a novel antifoulant (f5 /5
41’8 ) to control the growth of plants and animals on the hulls of
ships. In 1995, fouling (£ 4 /5 #) cost the shipping industry
approximately $3 billion a year in increased fuel consumption.
Sea-Nine™ replaces environmentally persistent and toxic tin-
containing antifoulants.

(RBRBREEGHEMHEN T IR ER(EL T — B ZAE A
F IRy KRB B AR R LATE R G, 45 A T KR 6975 £, o] 338
e — A AL a9 HEA. )

EBri5ay . tributyltin oxide

(=T A A1) Increased fuel consumption, $3 billion/year
FRAANGMEA  Increased time in Dry<dosk, $2.7 billion/year
HERGELEMADE

Risk Quotient = predicted environmental concentration / predicted
no-effect environmental concentration = 15-430



Rohm and Haas/» 3} #r i 7140 Z {65 #24%, 3% i']4,5/)_c]akﬁ'o 2- n—.
octyl-4-isothiazolin-3-one (Sea-Nine™ antifoulant). Sea-Nine#u

TBTO—#H¥ B F a9 A Fl&. © 4

F R AN — B cl NS TSN

> S
AR FMH
Sea-Nine 4 4 [% 7 :4 4&
(CH>7CH3 /H ° ]
N / /N\/\/W E— CsH17NHC(O)CH2COO0OH

!

CeH17NHCOOH <« CsH17NHC(O)COOH <«— CsH17NHC(O)CH2CHs
Risk Quotient = 0.024-0.36 vs. TBTO 15-430

D. K. Larsen, I. ) LM E. Forbes, T. Lund, Long-term effect of Sea-Nine on natural coastal phytoplankton
commeml -assaEec(ihl et b d community tolerance, Aquatic Toxicology 62 (2003) 35/44
‘_Gr i hl¥e nge Award: http://www.epa.gov/gec/pubs/pgec/presgec.htmi
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4. Use renewable feedstocks: Use raw materials and feedstocks
that are renewable rather than depleting. Renewable feedstocks
are often made from agricultural products or are the wastes of
other processes; depleting feedstocks are made from fossil fuels
(petroleum, natural gas, or coal) or are mined.

R BEAERF: ERTUREAL, mIEFH £, 8RR EWFFott
. EAEMEHETREEWRECE/FBREGEH. mAAER
Fal Rk g aiek (. RARA R )R 2 dikgEmig.

— ‘8
& AAXE )




TR VI B S R T-(3-8) Wl (higher alcohols).

CO2

—EAkh

Synechococcus elongatus PCC7942

photosynthesis

R e e P I 22
H AN K E TS 2

isobutyraldehyde isobutanol

Sk B AR B R M T [RE 5 Rl

Eﬁéﬁ TR AR S R A AT {52

ST LSBT0 (1R g B e
7 SRR CR S5 )%
GO0 1 (F125%. )T TR SO0FT 01— L
— 4 S L 2 8.3%

S

201 Ok 1 (1 B AR (I

~ IR KPR

jj/\?\ﬂé

5

Nature Biotechnology 27, 1177 - 1180 (2009)

BZanB%d v BFT PNt

Presuﬁtla%ﬁ*@msﬁ IC
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(RS AR e

- James C. LiaoZ {57

) —E i S+

JL/www.bioeng.ttu.edu.tw/issues/issuesindex.html)

Challenge Award: http://www.epa.gov/gcc/pubs/pgcc/presgec.html
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5. Use catalysts, not stoichiometric reagents: Minimize waste by using catalytic
reactions. Catalysts are used in small amounts and can carry out a single
reaction many times. They are preferable to stoichiometric reagents, which are
used Iin excess and work only once.

R MIFEEE TR AAMBEREEZEBHRERKE.
FREEE VvV ERTEHMRARE —RE. ABE L s S 8REF A1
TER.RAZETERBE. BEAEMER —R.

2 U AR EERED, M BT RRRERE, LT, £ BE—,
=] RV R

Catalyst Mole % = 100 * (moles of catalyst)/(moles of limiting reagent upon which it acts)

C. M.: >0 (minimun), 1 (low), 10 (moderate), 50 (large), 100 (maximum)

 — l a
/B AN\ o
) KR AF )
\B 2SN 2 Y g




BLY RIS P EBEEER RAE
( Catalysis )

O
(CH,C0),0 [ W\
HF catalyst

JVQ/J\ Ibuprofen

O—CHCO,C,H,

_(CHCOL0 _ CICH,COCHe
AlCl, NaOC,H;
CHO

+ )\/(jj\ H,NOH /L/@J\
/k/©)\ Ibuprofen

%/ TATUNG UNIVERSITY Lo
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cellulose :
N + O, POM-based multistep cellulose + CO, + H,0

lignin

T T T S D T D U Pt
catalytic selective technology

@ Polyoxometalate (POM) catalysts

» non-toxic, inorganic cluster compounds
» selectively delignify wood
» utilize only air and water

€ Converts trees to paper without the use or
generation of toxic chemicals

Hill, Emory University; Weinstock, USDA Forest Service




6. Avoid chemical derivatives: Avoid using blocking or protecting
groups or any temporary modifications if possible. Derivatives use
additional reagents and generate waste.

B RACESTEY . BT A8 £ 4E A MB4E AR BB 48 RAEAT G 05 &Y
G4, FTEMBRE S BB B E 4 B

€ Catalytic synthesis of ULTEM® thermoplastic resin

B 25% less energy required to produce each pound of resin

B volume of organic waste stream for off-site disposal decreased by 90%
B 50% less catalyst used

GE Plastics (General Electric Corporation)
€ Oxidation of hydrocarbons by photocatalysis
€ Titanium dioxide catalyst
B active at room temperature
B non-toxic
B stable
B inexpensive

@ klg] k?’ t:’ Sahle-Dimessie, U.S. EPA




Wi Rt &2 74 $# (Reduce derivatization)

» Enzymatic synthesis of 6-aminopenicillanic acid

€ Conventional Synthesis

|
\
g Me2S|CI
0 N\)< ~ PhNMe, \2<
o) \
CO,H

CH,CI,
CO,SiMe,Cl

O/*I‘:x—-ﬁ L

C0,SiMe,Cl

@ Catalytic Synthesis

Pem(:lllln
acylase \€<




/. Maximize atom economy: Design syntheses so that the final
product contains the maximum proportion of the starting materials.
There should be few, if any, wasted atoms.
BRERRORTERE: BT EoREFLBEDNTARAITTHR
BREK. MR ERREORT. BPERLZRD.

Atom Economy BFEkias) = e
“m.w. of product x 100%) / = (m.w. of reagent)

2im A e (propylene oxide)

\/ +\K + 02 \(

BT I% =i TE:

A.E. = 58x100%/(42+56+32) = 45%

\/ . H,0, \<| + IO
O
AE. = 58x100%/(42+34) = 76%

||IIO

5, P o

M B [R5 201 0 A Sy 1 LB 25 B A S TR 8 -




L
8. Use safer solvents and reaction conditions: Avoid using

solvents, separation agents, or other auxiliary chemicals. If these
chemicals are necessary, use innocuous chemicals.

ERABREENER R B BRERER. TEBRELECEMY
B ko R R LABFRAMER & FaHLF % 5.
S VAT BT
CEREZ TR BRI ~ REZRE - EECZD.
MINEYC F&: H#. # o).
A AR e NSRRI 5 i [ P Bt A RN 22

Green Chemfstg/ Metrics, p.22 (Blackwell, 2009)

NQL»7 TATUNG UNIVER




» Environmental Regulation of Solvents

@ Clean Air Act and Clean Air Act Amendments (Hazardous Air
Pollutants List)

@ Clean Water Act

@ Toxics Release Inventory

@ Toxic Substances Control Act
€ Montreal Protocol

» Green Chemistry Solvents

€ Aqueous Solvents

€ Immobilized/ Derivatized/ Polymeric Solvents
@ Solventless Conditions

@ Supercritical Fluids

@ lonic Liquids

B kﬂk? =)

TATUNG UNIVERSITY




B A - s e
Pfizer,y &) 72 #6275 BIEH a9 AL sg

water

acetone

ethanol
2-propanol
1-propanol

ethyl acetate
1soprophyl acetate
methanol

methyl ethyl ketone
1-butanol
t-butanol

il

cyclohexane
heptane

toluene
methylcyclohexane
methyl 7-butyl ether
1s0-octane
2-methyltetrahydrofuran
tetrahydrofuran
xylenes

dimethyl sulfoxide
acetic acid

ethylene glycol

K. Alfonsi, et al., Green Chem. 2008, 10, 31-36

R FE A8 Y

pentane

hexane

di-1sopropyl ether
diethyl ether
dichloromethane
dichloroethane
chloroform
dimethyl formamide
N-methylpyrrolidinone
pyridine
dimethylacetamide
dioxane
dimethoxyethane
benzene
carbontetrachloride



e — =
Searchmg for benign solvents (F K & £ & @J)

Water (#k)
| | Non-volatile solvents (ionic)
Volatile organic (FEdE 2 M) (BEF)
and Replaced by
hazardous I Supercritical solvents
solvents (#2 B S vx#))

(F AR FBEAE])
Other benign solvents
(HAE)

Solventless
(jﬂt/’é’\ﬂ'ﬁ;} )




9. Increase energy efficiency: Run chemical reactions at ambient
temperature and pressure whenever possible.

WhotiRMFE: STRAFTEFERETETLERE.

ek ARZXEHBERRLRENER MURETBERTRETRER

1E.

Temperature Ranges (C) Temperature Factor (f;)
<-20 5
-20 to 0 (technical cooling) 3
0 to 10 (ice cooling) 2
10 to 20 (water cooling) 1
20 to 30 (room temperature) 0
30 to 90 (hot water heating) 1
90 to 160 (steam heating) 2
160 to 280 (hot oil or electrical heating) 3

> 280 S
o (f;+|1-Pressure(atm)|) *time (hrs) *Weight *Heat Capacity (Jgm-°K)
Step EE (Energy Efficiency) = 177 Decived Product

[ SEASL TAN




Alternative energy source ( H i 4E /&R)

* Photochemical reactions (41t £ R JE )

» Specific bond targeted

» Low reaction temperature/higher selectivity
 Microwave-assisted reactions (4% #h 8h R_JE )

» Fast heating rate by rotation friction (10 °C per second)

» Target molecules with dipole
« Sonochemistry (B % & 1t%:)

» Generate local high pressure and temperature
 Electrochemical synthesis (&1t 4 5. )

» Often water-based

» Usually mild operating conditions

» Atom efficient — replacement of reagents by electrons

(&) KRAE )

27 TATUNG UNIVERSITY -




10. Design chemicals and products to degrade after use: Design
‘chemical products to break down to innocuous substances after
use so that they do not accumulate in the environment.

RETERRET AL ZRBFEY: FTHERRETRARE
MEILZ EY. DIECTF G4 8 REIFE R,

Biodegradation Half-Life Ultimate Biodeg.
Hours 5.0
Hours — Days (% biodegradation > 50% in 28 days) 4.5
Days 4.0
Days - Weeks 3.5
Weeks (% biodegradation ~ 20-30% 1n 28 days) 3.0
Weeks - Months 2.5
Months (slow to very slow biodegradation) 2.0
Longer (biodegradation issue — toxic, persistent) 1.0

Expected range: 1 (Minimum), 2 (Low), 3.5 (Moderate), 5 (Large & Maximum)

U.S. EPA BIOWIN program Expert Survey Biodegradation model

A KRAAE )
_'._..1‘:.'" v\, “ l/ .._;L X




11. Analyze in real time to prevent pollution: Include in-process
real-time monitoring and control during syntheses to minimize or
eliminate the formation of byproducts.

B O AER: A RBER T ABRETIER. EAEY
FERKKARELE.
RE BB RAM AT A TG LT TN TR EZA

Questions

1.Does the potential exist in this process for the formation of hazardous
side-products? (30 pts)

2.Are adequate monitoring and control apparatus in place to quickly
detect excursions in reactors and storage vessels? (0 to 50 pts)

3.Is the process common practice and/or in the scale-up or
commercialization stages of production? (20 pts)




12. Minimize the potential for-accidents: Design chemieals and
their forms (solid, liquid, or gas) to minimize the potential for
chemical accidents including explosions, fires, and releases to the

environment.
B3 AE B TRBEI RIK: XS WA CHeskE(RE. &
, RAE) U EE AR EIN TR RAK, OIEBIE ~ £ KR K
B A BRI,
HERBRIFE? HHAE FHERAFWLIELEE sk A MERER
(B, AANFF)
FRHAE
K (RBERARAS ~ BEEK ~ EREFalald - it S RME Foi % 1E - Ly ms
R) B (KR8 ZBAME - RAEIEBAMBRE)
BHAEEME BHE&DY
(HERF s H)

LB h YR B L RO RERE
25 R AS ARG
¥ A B8
H#ERE
Y E S
T AR R HriE

(A BB A 6985 B it sy, — & BIEA E£F7)

Designing and operating safe chemical reaction processes
e NEASE LAY <




@ At a time when many hazards can be reduced or eliminated, it
is no longer a reasonable justification to say, “We know how
to handle hazards.”

& Accidents
€ Security vulnerability

Biocatalysis: Synthesis of Acrylamide

nitril

—_—
2 CN hydratase




nL
“//

\

0O HO\ -~ N :
: g
H|\|J\o’R Mem&‘
N

Xy S0,Ph -
KCN (2 Aquiv.)

98% yield
(80%ee)



RALE SRR
S s ey

1097# 3 MH M2 P 2 A KRB P ke - BEHT-
RECHAR  c RBILAIVNE RX A" HBLfEA S 2 EGEDMTR &
PR R A rHEFTIRY G (MPT) » EGIrMPTa52 TH &4 | g8 I8
DMTA B » @ 4 4r{8EGI-MPTat 2 2 4 3 - &7 &4 Y # FEGEDMT » £

FE =5 RBpPET o

Oj ( > O DMT  CH;OH Oj ( > O
o) o) 260°¢ HsC—O O—CHs
DMT azeotropes

D n
+ r#'lﬂ’#J

PET
PET N

EG ~——— G+MPT

oMt +— (B

DMT: dimethyl terephthalate EG: ethylene glycol
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A L & (Ten Commandments)
(£ W& <~ &S E. Manahamn #32)

ApAR b E PR M % A RS G i
HGA S FO 0k~ REGIFEfoR A 2 55 5
REBEE B M o

Fle ke 7 (A v #c) 2 (

o 2 R F R A K JURR -

S AT A SETR Y AHE L E L Lk 0 P
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AFHEL - R

(Twelve principles of green science and technology)

1.y 7 A2 75 B A KT RFEH - BT > Y
RAFUEEERELE AL R oA Ao e g2
W2 FHREPRRE P RIE AR o
234 RN Jr st 2 B AR k2 Rpd T A e &
TE AT B e fR= (48K x (B L)
3. R B 2IRF AR X I 0 WAL IDE A2 F R
WO R PR A F R ARG E R E DT 2 RA
kg -
453 % " AR G 2B T BAABL - gL

P 4 + 27 E W g 2
i;ﬁa%ﬁ&%%pmﬂ?l@gf’“%%gﬁﬁm
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X R 8] 1B = 1 o

S S T TS SIS

= & S

9.?@;,5%:‘%% z b %ﬂ? ;523 S ﬂ}g iﬁiﬁ-&\ﬁ"iﬁj%%‘r , v

A ¥ 7. 3T o

10. % ﬁﬁ?j?'l PPy A B B s dp R o S
ANHERFEIBAAFEINBEET RRE AL

=
.Q{
. &

Ho

11.% 2 &3 ¥4
no rlsks)

&

B ' @ 1773 % o (There are risks in taking
E 'i’»‘/“ﬁ%t?éf’* 2 — AR o BT
1L

P = K~ 1 ARFF X &0
i

T
A F A 3 R

(From: Manaham, Environmental Science and Technology, 2nd Ed. 2007)
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7.
8. F
9

v S

AXF1HL = RAY
(Anastasand Zimmerman, Environ. Sci. Technol. 2003, 37, 94A-101A)

K ERA R r 2 B2 SR IeR EE T G s AET R D 'faz °
A2 BRAFSENT AT % - (BRAR)

R ALHEHCEFEREET RS R RE L o

VR A S AR R KPR R «}Lﬂq‘»‘é}‘;F’W CRERF 2 ALF G B g o
E: R - "‘-‘Bi:}@%"%ﬂb/ Rz peflz. T3 3 (output pulled) |
Mzt '_ﬁﬂ » #aﬁv(mput pushed)J xh’»\%\

KITEEL 2 (recycle) » ERTR * A F B R Y R FEWZ R RS
#g ¥e 1+ (embedded entropy and compIeX|ty)

2 #* (durability) m 257 igz(|mmortallty) & 3K 3tz2 &
4§Eia§rﬁ B R R
rrAREE E ﬁ/ﬁﬁmyﬁwuﬁﬁé@ﬁﬂﬁ wm

Héﬁ¥é%~ﬁﬁ&ﬁ«ﬁﬂ@f@@;\v4umama§
12. 8 * T4 M | (renewable)® 2t p 4B 4= :Bris iR & F 4L o
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4 7 FLED

.| Color< Wavelength (nm):| Voltage (V)¢ Semiconductor Material¢

Gallium arsenide (GaAs)+

fiinfracedsia = 7e0e a¥slde Aluminium gallium arsenide (AlGaAs)e

Aluminium gallium arsenide (AlGahs)!

Gallium arsenide phosphide (GaAsP)i
Aluminium gallium indium phosphide (AlGalnP)+
Gallium{lll) phosphide (GaP)¢

Gallium arsenide phosphide (GaAsP) 4
|Orange«590 < A <B10¢  2.03 < AY < 2,10 | Aluminium gallium indium phosphide (AlGalnP)4

Gallium{lll) phosphide (GaP)¢

Gallium arsenide phosphide (GaAsP)i

SYellowe 570 < A <590¢ 210 < AV < 2,18 Aluminium gallium indium phosphide (AlGalnP)+
Gallium(lll) phosphide (GaP)¢

Indium gallium nitride (InGaM) / Gallium(lll) nitride {GaN)
Gallium(lll) phosphide (GaP)+

Aluminium gallium indium phosphide (AlGalnP)!
Aluminium gallium phosphide (AlGaP)e

Zinc selenide (ZnSe)l

Indium gallium nitride (InGal)4

Silicon carbide (SIiC) as substrate !

Silicon (3i) as substrate — (under development)e

| Violete 400 < A <4500 276 < AV < 4.0¢ Indium gallium nitride (InGaN)¢

Dual bluefred LED PANEL LIGHT LEDSs, 4
Purplee multiple typese 248 < AV < 3.7¢ blue with red phosphor, !
or white with purple plastice

Rede  B10 < A < 760¢ 163 < &4V <2.03

||Greene 500 < A& < 570¢ 1.9 < AV < 4.0¢

Bluee 450 < A <500¢ 248 < AV < 3.7¢




2R/58CM/>9W
4R/120CM/>18W

=X (ERA)
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Kinect sensor

Rotator

T6 LED Flashligh
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Primary energy use [EJ/a]
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Solar thermal
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—4ft 457 (Perovskite) = B xe T 7#

it & ;% (CH3NH,;)PbX,

F R

TATUNG UNIVERSITY

Efficiency : 17.3 %

")

L s

< [

E 46} V,.=1020 mV
%‘ 12l Jsc = 22.4 mAlcm?
&

Q
c
o
=
O

FF =75.6%
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Voltage (volts)
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COMPOSTABLE
BIODEGRADABLE
BIOPLASTIC

An innovative bioplastic,

created from renewable resource,

bringing sustainable development to life.




PHA

PHAE $ &4
Ft ¥ R-H e B 1
2 $ AR B

3 PARF M~ 2P A fREfe R ende d a0
%i#?*ﬁ##4#ﬂ%ﬁéﬁﬁp,mw z
PREGERFET o oWl 4% PHAG RS -

(“li‘

ﬁ'“
H 0 0
Clia H (f; \ /C ~ /H li CH._,/!l II
0~ \CH/ - ""{O CH; w50 CH;
(a) (b}
CH:.
CHy p 0 a8 th W | CH,  CH,
*(o"c ey “ - O’C"CH;’ ¢ s ~Ccnr O o’ \cu/, hY ;

(c) {d)
(a}P(3HB) (L)P(3HR.03HH)} (c)P(3HB-c0-3HV) (d)P{3HB-c-4HEB)

e



A Fl=— — T T NP Y

PHAZ_ % 1‘#

= The short-chain-length (SCL) PHA: C3~C5
~ : The medium-chain-length (MCL) PHA: C6~C14
Ko} ° The long-chain-length (LCL) PHA: >C14

n

R = n-alkyl pendant group of variable chain length
HB, B-hydroxybutyrate, R= methyl

HV, B-hydroxyvalerate, R = ethyl

HC, B-hydroxycaproate, R = n-propyl

HH, B-hydroxyheptanoate, R = n-butyl

HO, B-hydroxyoctanoate, R = n-pentyl

HN, B-hydroxynonanoate, R = n-hexyl

HD, B-hydroxydecanoate, R = n-heptyl

HUD, B-hydroxyundecanoate, R = n-octyl

HDD, B-hydroxydodecanoate, R = n-nonyl

l.
: HQAS Microbiol. Lett. 1995, 128: 219-228.
T, 2002, EARR(ER
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Binding material:

Alkaline activator:

*NaOH/KOH

-sodium water glass

-potassium water glass

*metakaolin
*slag
-fly ash .
-activated clay Mg
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塑膠剋星出現！小蟲吃光保麗龍 - YouTube (720p).mp4
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https://www.springwise.com/edible-biodegradable-bags-help-replace-plastic-waste/
EG BAGS _ Natural Starch And Vegetable Waste Take The Form Of Organic Bags - YouTube (720p).mp4
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Mega Expedition 2015
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電子垃圾， 回收成本轉嫁消費者_  20161105  消失的國界 - YouTube (720p).mp4
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