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SUMMARY

I. Title

Development of Freshness Prolongation Technology for Agricultural
Produces by Electrocatalyst and Aqua-ion

II. Objectives

This study was carried out for the new development of freshness
prolongation system utilzing aqua-ion and TiO: catalyst for agricultural
produces. Therefore, it is aimed for decreasing the loss during storage and

distribution.
M. Contents of study

1. Development of combined freshness prolongation system utilizing
aqua-ion and TiO; catalyst
2. Application for agricultural produces

IV. Results and application

1. The aqua-ion system was designed and developed by modifying
Lenard’s effect. Amount of aqua-ion produced from agua-ion system was
about 70,000 particles/c and humidifying capacity was 0.13£/h. It could be
humidified without condensation on the surface of produces. Also, ethylene
gas in the chamber could be removed up to 95% by absorption.

2. The catalytic system using TiO: was developed and it was effective for

removal of harmful gases in order to prolong the freshness of agricultural



produces. It was designed and manufactured with two types, that is
electro-catalytic and photocatalytic, and the efficacy was above 90% for
harmful gases such as ethylene and sulfuric dioxide, etc.

3. The combined system attached with aqua-ion and TiO: catalyst was
developed in order to prolong the freshness of agricultural produces. The
system was designed and manufactured with two types for showcases and
cold stores. It was effective for removal of harmful gases, inhibition of
growth for microorganism, humidifying and cleaning.

4. The developed system was applied for fresh agricultural produces such
as peach, strawberry, undried ginseng and broccoli. It was contributed to
decrease above 15% of the loss caused by weight loss and decaying.

5. The system that developed through this study will be well adapted to
the advanced governmental policies for decreasing the postharvest los§ of
agricultural produces. For the spreading of the newly developed
technology, we’ll anticipate the active promotion by government, for new

facility installation and model test in the rural area.
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HE A& F3o] I EE ATk o W ¥AE A 7t

BAS A% Table 3 2t Al¥ A3} Fig 19dA4AH"H 58
50% ool AMAHRLH A FAadrizt 2412 Folle 3ppm olFE F i3t
o} 95% o)/del AU

Sample BB

LY L)

squsiBR AW

WA

RNz

FREN

- : et azm
'.l T EATE i

Gas wN

29 18, obFoleleAads oPsts AA EH AW A

Table 2. GC conditions for ethylene decomposition rate measurement

Item Condition

detector FID

column HP-PLOT 5 (HP Co.)
column temp. 150 C

injector temp. 110 €

detector temp. 150 C

carrier gas He (10 mé/min)
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Fig. 19 .Changes in ethylene concentration during

aqua lon system operation
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Fig 21. Changes in weight loss of leafy lettuce during storage -at 0C.
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Fig 22. Changes in decaying ratio of leafy lettuce during storage at 0°C

-37.



50 r
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Fig 23. Changes in ascorbic acid of leafy lettuce during storage at 0C.

Table 3. Sensory evaluation of leafy lettuce after 20 days storage

Overall
Treatment , Appearance Off-flavor Texture
acceptance
Control 1.00*" 167 1.16° 1.16°
Aqua 3.33° 3.83° 3.17° 3.50°

Y Values with different superscripts within a column are significantly
different at p<0.05.

a¥) 3 Table 73 8& B ZEg
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Bz g9 Ae8s =43 SR EEA
FolA B 7]E AR BE3E Ao uldlo] ofFolalAdlol H#G
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Table 4. Changes in Hunter-L value of broceoli during storage at 0C
(L : 100 white <« 0 black)

Storage period (day)

Treatment
0 5 10 20
Control 51.44 46.03 46.53 48.15
Aqua 51.44 39.05 38.89 38.72

Table 5. Changes in Hunter-b value of broccoli during storage at 0C
(b : - blue < + yellow )

Storage period (day)

Treatment
0 5 10 20
Control 10.92 11.97 13.56 14.06
Aqua 10.92 10.96 12.57 11.15

0CelM BREYE BASHAE o ZE& Ws ofFolrLgd B
F A$E 209FAE 12% A5 #2&S BAvtd VE BANAAME 30%
o] AHS VERIGitE zelm, Fujgo #H3tE B ol HelM Ry ue} 2

©
AT 09 FAE BE AMAZE AdEA FAHA

o] o}FolAl o] ek =

o wEe] 1E AFTe 2R#E A3t 209 Fol Rogol 3% YRR e
g BEH BE B4 QoA meEel A% 4o natel Ay
G Aol Fol vl UEhgth A 2 whst ol opFolAzdle] A 209
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Table 6. Sensory evaluation of broccoli after 20 days storage in 0T

Treatment Appearanc Texture Off-flavor Overall

e acceptance
Control 3.81°% 4.20% 3.83% 3.39°
Aqua 4.50 4.67° 4.17° 4,50

Y Values with different superscripts within a column

are significantly
different at p<0.0b.

Fig. 26. Quality of leafy lettuce after 30 days storage at 0T.

Fig 27. Quality of broccoli after 30 days storage at 0TC.

_41_



Al 2 A olEtE ey S AJAE
R e PR

AEEES Ao F5AsES Yo 29 oY 7] s ddE
o Aol A vk 53] 2dde FEeld d7iFe #2329

)45 Folold $EAT AN olFolAw gtk AFWT T x
A

F-lE e

A gol #E whgo] HArt. &
(TiOx)ol} 4tsteld (ZnO)E3 2ol

N

I
i
!
&)
s
s
)
£
L
e
rO
ﬁOL
£
o
o
2
7

O
=
_12i
o
i
ol
4
©
]
o
rlr
P
flo
r>~
ot
hu
)

ol FFujol FAbE wuH o N Rog 1972¢ FAUNT #
Boagsol oM whn g9 Reyt AxE selddh 2 F 1970dH F
Hhe Aolux) o) AlFell Ao, Bdauvix] Wste] dEd =9 @xdeE] W
$ol AP FFE o] FUch 1980ddel EoebA, f718AH BEE
e oy

o) dele ke g HASGY FEue] ofwl apigolste Hl&
zold mwolA A7} FHojvpat}, o] AA7}F Hoju2 A& (+)a ¥
2 Zo] AP eV g F& AsEe xdHE OH 7L Bl &

2 OH A (OHE A ElH k(2
D o] OH gz 433s 73 23 a98& kx5 o] #5od WlF

Ti-OH — Ti+ @D 4+ - OH - v vee e (D

_42_



o
APt
=
1o,
oo
oo
Sl
o
s
rir
>
>,
ofl
o
o}
g
o

Be Fotd] AMYY. 1F A 3 Foll B2

7ol BEsE 22 2 AS AAstel E 7o) ARG

(it
L
-z
sl
re

Fo
N
ek N

v g ¥ %

g oetel s, 7

ool wat L

2o Asle] B A 7] grAstg £, AA
T4 43
& dEEe R, AA

el s Fede w3

el g3t B A a8 F7) A3
}%}:
R

Jo A Z | o 10 [y o Z |m

q wrge AR B, A7
SAT ] Mo &+t
FEETE R =
| EECE
2359 Ad%d 5

o] Bgo] Qola AT e Boh: A4 2AYo] FHE o F
3T oA Fug 18nmel FHE AH PTG AUA)E ZolE

BY 472 ke Ao ok ey o PudE 29 gl ANE2 Ashel

715 A2 g e LFE2S WA E PGl Frtdng. o, FEFd=
ZAgHo} B £F - Brd oA Aol A zolrt duh wM 4E

E 8 FFvFUES AL (FUAAEEE)

& = 4 9 7] B A 3
7l A e A - 2|4 cloth
I A2 - AR A 3 E )
cloth?] Z#/ - WAL 235 F¥ cloth
cloth ¥4 mm 0.40
cloth & mm 250
cloth % g/m’ 500
FEoje] A F wt% 3.0~ 15.0(7F)
P gE7 £m 0.2~1.0(7F4)
oo g m’/g 50
clothe] JIAFE kg f/25mm*% 40
clothe] 353 & %(at254nm=4)[37.0

_43 -



2. A o) A] 2

< ZAEEY 250~400u v Eel dFEte FAURE ATSHAET. F TiO;
FEo)o) Aol AIA Ao B 2AFoR
eide] 44w 29 Yoz Reldh aey AUHoR HABYe) 283

lele el 7hA Askzdel wol vk & A AEA, Bl AF

.{

2A, 43gae A 29, HANE R WAANLD FRAe EA, AT
284 BA 5 oe b AGLAB Lo Al wse 2

of Wlatel A4l AdAGAAY Hge wE@ Aol Tt B FAE
ohol BAolA wolup WAl Aol Lzl FH

of BT YAFORA WEAS FHNY AUA ZARE Mgl A7l
HALE AUALoR AEFOEA, FUEAY EAe] A-FTHEL FYA
A AUt Qe AR Bl
oowebd Fxe A%, 4£%E 0% & gom, feHe A

R
H1
ml
o
2
r o
3|
s
T
olo
2
e
P 2
i
X
o
S,
o,

Fute e FAEAA Tiox= Sol-Gel Mol 93t A% E Anatase type
olm, &4ds3t Ed9 9% 2 Hile vy FEAUHZ ARG n, FHEA

ol Coating2 dAegl Aoz 450ToA 6AF dAHFste] FPEA

oL

-44 -



Zt= ] Coating
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LI 34 3} Mn
(1) AxA =7} Li
(2) Oxygen adsorption (V. 107)
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(1) CO, H-C £ #4435 , _ DA
(2) F28 F4, (L~ H + H) Pr-id-Ag
(3) Ag ® Oxidizer
Oxidizer V205, VglO; Mo
(1) Energy band& %%, Tico = 1.9eV
(2) Oxygen Carrier CoO
(3) Oxidation Type
Oxidation{ E # 8t-8-)
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D Fozafol Foas
(@) Ho0 + B — 2 + —%02

HO + h" — H + - OH(OH Radical)
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2) Chemical/ #49t=A EW 72 ¥H$ mechanism
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- 45 -



(a) Hydrocarbon®] %3l A 7

(b) T A23g= 2 2 Al 7(

(c) NOx, SOx2 A7

HAA

I3

ol

o

A

(d 4F +7

(e) Atztg

oo
T
b

rveel

K
o

]

H

oo

&o] dojupA do.

A}
A

=
é‘TT

o] [e]
& AE %

A

5ol

=Rz A 7ol o]

i

bol

S

o wAy

}.

<0
e

o

HA =5 327

T Azts

"3

H

3}

bR
o

W

XS
W)
)
wE

3

£y

A V7

Z4

FA " oAl

K5

<=
H ©o

]

[e]

4

2

%9

1

K

Al Hol AAVlE @Y

1=
H 6

A =d A3 B9 712717}

7}

=
(=]

o
O

71

&2l

-
3%

SRS

g o)

17b4)

[o]

7)1 7l

AA- %2l Carrier

A7 A A

-46 -



—
JaN Exciton r*

(a) b)

(28] (@ A7Fe] 9Ae A¢ AR-A349 A4%
(b) A71% NAA ] AA-BTAe] 22

ob, A7 58 A uA

D A7
7hH AZ1ES 8%

FUEA FAAZR FF0e Aol 2HS o oy WAHF g
AAZIAA P& A =9 ol2d AR el ojste] PP A o3}
AN WM 838 A2 st olgl go] f=UITH B3}

WEE A71%e wdg oldd AL (422 Jed & o,

m 2 &

ojzidt MY FAAY HutAst= FWE A Coating TR YA @t}

) 271
A7HE A71Z A/7E 28 AS A7)l 2ASA doh & AYAF
o olatd F& WwAHE Aot =Wz FoHH(Lorentz force law)ol) 2
8hoq
F = QIES(V X B)] ~mmmmmmmm e 3)
(Q : ™3k, E: A7, vV, A3t Q9 £%, B A71%)

-47 -



= A=Al A7) dAM A58 FeHdAM g B e Felth

W) wEAsb] olF WA S

2 A - H = —{4, (w:ABANE), VI = EH - dwas e

@ Anatase TiO:°l Sr, BiE @&a4d3 Z4dA4 9 =A< SrBi; TiOsol
AFAYS AU A4AA We A= 17 Ao BA»o2 1 A ABY 4
x10"7W/sec2A 744, A7l(excited)H o] Ewol -7 F % (electron-hole
pair)o] FA4¥ 3, ZHAAe TUL FAAF 2ol LA EA plasma AHH
£ =4 9. ,

@ olsho] FHE HMA-HFFTHLE AFAYL Ao YAt s}

50}
ol
o
[‘)4
24
o,
=2

wet A28 055 ZFAE A - 2 F(electric polarization)
Aol A Absh-3hel wkgo] FHsiA €t _
@ E%, SrBiy, TiOs* Pt9 AgZ doping st @448 AFstd Fo A
aobe] 3h8 FAAgo] B WO:E st #th
@ ol Az fFafzke ol o dHE A FEol FHAAY

WA 2550 AFH Wgshol

Fkl

H-0 + h' — 2H' + 1/20-

-48 -



H:O +h" - H + -OH

h' — h' trap(FREHAHF)o g2 Ve
u} 2k Al

HCCl + [-OH + Oz + (O) + h'trap] — COz + HO + H'CI

NOx + [-OH + Oy + (0O) + h'trap] — H+NO; =
A3 AstEo] W3 AAd,

® QYA Arrt 2L MY F(displacement current : Maxwelle] #7)

°]2)F °]&3t7] WEol stEel wE AY2TIF S Hoemew Jquyx "z

2347 W 2

v OH™ H g
¢ . ELECTRIC CHARGE DISTRIBUTION ON THE
GAS AND LIQUID PHASE BOUNOARY

ad 28 FFoie ukg Hz
e

r® AT - Ml
SR | U | IOV | BV DR | R | | | O B
w"/‘lx} ,":»,’

10 220¢ 80Hz~ J} ~= H v J| ww || e e [ oo ] - [] ’>‘?‘f‘
. e . oo —— - . . o SO fewle
S E % :

[ i [ axzz ax
s SrAt. T 299

- 49 -



@ UAZulsh FEv)e] o)

SEEL Rl
o Ui 9 7] Ao
FrAd HEAE FER FHA
Aoz WAt F4579] Ay
A F=HAE A& wF A7) FEufo] AL oA
AiAE duAger AgFo . ) s
) . CET Ygetel pE:ulo] BRAMES
da 2 A wEAe ZdHd 27 ZAPA A Zu)o] AbshukLo)
AA-B e FHAA %&&Jﬂﬂﬁomhw1ﬂ;g;°
2 ogE e g a1 S T
a9 wgwgd A4 z&H
FHggo] dojuAG ol

Hee doy|sl M= =X
29 e 2AEt] FoUAE A
FzA 2u Al A7) i LTt Foh 2eu oy @ @
S AHEFoRN ZTAED Mo z|ZAlME Bo] A, whaALA,
AR ¢ don AxAAE o|Fader Aste FHo] FidE
AN A gEstE wgs dolF Axr wHNT Zu Hgo
o |WEA WME MgZEe Qe deld § oA Hol F o
CET w8, nxEs A5 Aol v Futd gk w3
g 5 o WByAe guA|Bde MAEA, Fxu) z:g o
Z ZF5A Y wLESS F|ARELTA, AXFre] HAF
et AZs g dux Agd|ed, Axng 2 Axw Fxa
TzZ AAS 5 9 o] BAE Zujubso 953 &
sho] wlate] AA| HEEGO 2

o}

o, AEe SUES A 2 A=

AzZe] FUEE ofg) 2YEH o] B4 Azd TIO, 84S =
28 Ay B BH AYe A7 © OH ool $dE & JEB A
1A s Fodreel (F)@ajolad o o] A~

A, A=Ak AxpEoje] H$-=
o)

glof ol JiekE 28 o] &3kt

-50 -




MRS U oAy

WE. OWIN W gu

M ¢

s iy
e i

; L -
i i
H
P I
A0 RN SR Y

AU ES A=

-51-

=5

1Y 29, AA



e

o2

Wi

<AAE) G >

2% 30 AAEe) FUEY 44 A% G

A AR FA AR Fhs B8 AA ND(F)motadol oAl zE AT
1) 4

}.

<

A

O

£

aFAY otZBAY Ll WA EHFAE FHegoend
Wt A ) AFEE oA thg 2ol EARKA RuA
AEolel okadA §7) 2 FRNAY FALEZL dof 29

A3 A Eo)E obe) g 2ol HEAA 7t2NEF

o
o
:\9
]

)
tlo  of
14 N
DU
0
H1
s
)
=

il
N
e
o
2
N
by
1>
B
:té
o
X,
off
_):
9{_.1
o
)
uk

-52-



—

i :\:\\\\\\‘\ S~ B
S om hand :“""‘" : ' z i I ‘ :-:: -
| ews e, L = o
3 om ~— 1 : J 2 -
rsxm&q L
503 em

<AAAZL FHY §7>

-53.

(Jaws [ !'""it"wna
he@ege] Al dY B 162% ‘?ﬁ.\x e
—0 — o
T | fﬁ-}
LJ L} MAA Foff 2 Al A2 3 b et 5
F5 PQ
b L gl L
<GtEAPFA L AFe>
2) Ay
1) BEE7129 279 7=
ALE EEFEY TR BEE Eol JERAD
< FEVMEY FHSG FE>
EE7txe 57 s % (volppm) Az
A & 109.8(H AWy ~) B S & FAHA(F)
o] xtshA A& 109.8(d A& H ) 3E
143 3 1108(F A Hx) 0\
(2) 7298 3573 A H
a9 259 FAAMY xYEY FE/AE OE EE TFAXRINY Jt2EE
712 JAANA AAZz R FFdt DES 7t dIHd 2o
DY A2NOH =



@UAHALNODHE

@185 FS0VEH

@YAHALENOIS o437 H (S0 EFT2

@ol 48 £(NO2SH o] 3 H(S0DS E 7

(3) 4g=3

78 stag AsRBVl2 AP ML Ged T 2U0E A3

shel o,

DFZ 979 FHrFEE AARBRYE H2EFROR JYEYH
4390 (A% 29T e4a 33)

@AAAZ2E FHHA ¥e B 2579 AaEE 2UdA AR
28 o 2Y TARY 2UE 22 IS Aene Br2 Jt2E FRE

o F4Hd TR SHFAGBY - FHAA & 2E7HT FA).

1

= 5% EFolEEold(TEAIS S BmE ¥ 7tas AA4Eoze §39
1108 AARYDG. (B A% YL A9, dusds L oligALE %

(1) dAstdareE AxE50E FAQ220V)eHA ¢

%l
A8t FASEA BUE o 17~68% ZxdArh o]RAL Ful 2 T

FHate ABoRT oF 99% A AH7HsF )
(3) 2¥F5 & Zd9 194, 10914, 2091 R/& Aol 2.2.(4) 71&3}

Z o)

iy
b
3
-+

2 AAsL o] &AE olgARuHIYE FAZAR FAHY

-54-



A7 NO., NO; 2 SOL 7F 3250 guis AL 4 & g

A 3% ofFolol2a Hvf B ML §Fx Aid
7}, o}_f,lo}-o]_gjq_ @x}%n]}% o] &3t &£ QAo A8 BT Al A€l

D Al2z=se] dAs A

ol os AZm WFe F7I7F A obg Thgol olFojEs UxF
datk. & Adue ag=Ed Fo A A=Y Ader Awo HA €
e 7le b2

o s 3Py W 9 ke Fetd wek e F
4

go2E Bgo] Asai. YR A f4

@ Asdol G, HF ME, 24% 99 FUE o0l 51 Ane A

wa pEAR

19 31, opFtotol b ol ibtElElE ZulE o4 HEFAN LY A%

-55.



e Viw

MoLeAas.

Y 32, &9Ao) A8 ofFolo] 2 A|AH

o EAN
B EEH R
i U INEECTANT

CONDENSER

I
T

18 33 &£GFA o] 2E ofFolo] LAl AH 9

-56-



i FAN-2DR
: T
| MODEL I TACO 06 ~ $10 (SOW)

| SUCTION:  15A

]
i

WdSvid OEINGD SO -H

-57-



SRS FLOW DAGRAN

iagram

=

2~ €l

flow-d

2~
fm

& ofFtolAl

YE A

- 58 -

Zo-§-7 0]

# 37




Y. sAE e AEfA nAEe &3
7hH As R Wy
(1) A=
AR #2 a3E Hasr] 93 F48 NEs 27 9Y 739 A&
AR (F7) B R, 40 FE FHEREE FRlEt dFder
3.
2) A4 2 A%
A ol e 2 o] afAcaFoz A ofFofA g A&
T RAsdM A= #2 aRE vy o W R¥uY £xE 5:1CE

FEEHAL WZTEAE A £970 28 o gagn

(3) 24
A% FAWSE Pohny) fdtel 39 BHoE By FEL 2R
F 44 2 39" 4

A A FAKke) - €A 717 AR T FA(kg)
ARg = x 100, %

A% A FAkg)

Vitamin C $%2 24-DNP vl Yo Fato] SAEA dAF] NEE
&% 5% metaphosphoric acid & 43 &3l o3 & o3} Hg 2 ml A
Add 378 g = AF# 19 indophenol &g Hrtsta, AE# 1, 2, 3
o 5% HPOs-thiourea £94& 2 ml® 7}3le Alg# 12 F vitamin C, AP H
2¥ 99 vitamin C, A1¥# 32 blankZ ©]-&3 vt A F# 129 DNPEH
g £XE z2Fdo
2 5} o

o

<= 7F8t3  osaxones A, &3, FTI= =

o,

|
A
[+0

spectrophotometer(Jasco V-550, Japan) 540 nmoA JTFE=E

-59.



vitamin Co] ##& Estdvt. a8l #5553

o sl 9 Ao Hrta AT

il
i
ok,
rlo
fo
i)
i)
Hz
£
o%
5l
olrt

27l FAE afAo)2E ofFolAadd B UM FH HMEE #E

g A oby ¥ Ho vhehd wiel ok IfelA HE uie} Zo] B

719l S BAF 71E Aol zdME 5% Wyt A3 tE71E A XA

EE FASE Ay RaF gEEH] ZA JYEHT. F 5T

oA 79 BaFo ZREH] 9% VERG W o} FolAl vl Hg ¢

T 5% otz yEwt. FHgo H9 49F) 7|E A=A E 3B%

ol UEehd 7td ol FolxzdEe = 28% HAEE 7% FE WA JEyth

Fig. 41ellA & uvje} o] FFo] wAL 7|& HAN7} 6YFo 23 10

dFol 3% ol BEHE A Hldte] JUFHoE AAES ¥ F UNTh
HEHY Co BE e E 2719 62mgkolA 71F HAME= 6

of 57mg%<] WFH ofFolA 2w = 60mg%E oF7t E:A YEdt ®r)e

EW A9e 49 Be A2 fA%do sy /E nanddE 45 A
2]
-

AR He Mo FA et £ debdoh. 2719 pHE 2R 71FF A
B Fzke] 2 Aolg o)A 2k ASAX ved 2FHEL BE FUHe
2 oobFolAAF] Budt @79 B¢ A% FAE A dEr

fir
o
S,
s

- 60 -



blo]F ON + o}Fo} ON Ao &/&% WiH(5T7)

T 38 ol AN ARMAASHRDH A& agAol 2 SEE W

10 r

Weight loss (%)

0 1 2 3 4 5 6 7 8

Storage period(day)
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Fig. 42. Changes in ascorbic acid of strawberry during storage at 5T
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Fig. 43. Changes in Hunter L- and a- value of strawberry
during storage at 5TC..

-63 -



, Y o e A
W ok g M R %u 5 ol o
° g

CRARNA DR Y o
CHNCRNC A - ) Hos o®m o
LT 4 OE g S B

™ %o Ao e S =
o o T w0 o N g o 2 o 2 HL i

|1~ = L o = & F ® mm -
g S » ST ~ Uowm oy g < @ =IO
g mc n m T 1_w| T N odh oo T g mﬁ
¥ 2 ST B U B Al
# A T T
& Uom = T o= oW
£ B Iy R r W0
— - ﬂﬁ L = "o ui ﬂ/;A

£ ~ 3 o2 oo e T w
m‘emm gﬁﬂﬂv_wg%mﬁg@%
= ~— N ~ T o
f .M QQ ‘.Al Oy .Hl ~ ‘Mu_l MM T ﬂma .A_ ﬂu b 3 @o
3 % R S - BURP < X op

a = £ = A ~ R X g X
) [ i N CH oT 0 ~ B ) Ea ]q .
g @ ~ ° T T o LT
o ~ N o o) ° Tz ®
5 © @ - i T o AR
g oo T w il + T <
1 < I N o A oo T N mﬁ =3 = < !

1o L —_

A % ook U wm Lm WO W Ry T
= SO - R Foop oy 3
3 SN A N ) )
mc El T oRR K o g . T ox =
8 Moo o w4 T X W i

© @_li%%o_ﬂmg%ﬂ
. o . = % = B ¥ T0om o T5 o
3 ‘..ArD owe HLL X ﬂ.’ i \.M| = o
o k N M N AW TR do BB
I} «© D ~n T - T o ok -
2 "o 2= 0 W <

> o ‘:L ol T 0 N

=

-64 -

2 ZhAEl o
TE £ AM o a7 BFAES

s

]

el

]

o



E-9
o
-

-+ Aqua - Control

w
o

Weight loss (%)
N
o

-
o

0 5 10 15 20 25
Storage period{day)

Fig. 45. Changes in weight loss of fresh ginseng during storage at
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Fig. 46. Changes in Hunter L- and b- value of fresh ginseng during
storage at 5TC.
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Fig. 53. Changes in weight loss of zucchini squash during storage at 10C.
(CP : control p-container, CC : control carton, AP : aqua p-container, AC :
aqua carton)
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Fig. 54. Changes in decaying ratio of zucchini squash during storage at 10C.
(CP : control p-container, CC : control carton, AP : aqua p-container, AC :
agua carton)
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Fig. 55. Changes in ascorbic acid of zucchini squash during storage at 10°C.
(CP : control p-container, CC : control carton, AP : aqua p-container, AC :
aqua carton)

Table 9. Changes in Hunter-L value of zucchini squash outer color during
storage at 10°C. (L : 100 white < 0 black)

Storage period (day)

Treatment
] 0 5 10 20
Control/P-container 63.01 62.63 62.01 59.48
Control/Carton 63.01 61.47 60.97 60.09
Aqua/P-container 63.01 62.22 62.20 61.04
Aqua/Carton 63.01 62.79 62.12 62.02

Table 10. Changes in Hunter-a value of zucchini squash outer color during
storage at 10C. (a : - green <> + Red )

Storage period (day)

Treatment
0 5 10 20
Control/P-container -22.71 -21.98 -20.33 -16.91
Control/Carton ~-22.71 -22.07 -21.69 -19.43
Aqua/P-container -22.71 -22.43 -21.74 -20.6485
Aqua/Carton -22.71 -22.14 -22.00 -20.6062
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Table 11. Changes in Hunter-L value of zucchini squash inner color during
storage at 10C. (L : 100 white < O black)

Storage period (day)

Treatment 5 = 10 15 20
Control/P-container 85.02 81.60 81.47 78.72 75.45
Control/Carton 85.02 83.81 83.44 76.76 72.52
Aqua/P-container 85.02 84.91 84.83 82.62 81.09
Aqua/Carton 8502 84690 8304 8126 8065

Table 12. Changes in Hunter-b value of zucchini squash inner color during

storage at 10TC. (b : - blue « + yellow )

Storage period (day)

Treatment
0 5 10 15 20
Control/P-container 75.79 77.33 77.39 80.63 86.47
Control/Carton 75.79 75.78 76.97 78.78 82.44
Aqua/P-container 75.79  77.39484  79.39 83.78 85.83
Aqua/Carton 7579 7578809  79.8 80.09 83.04

Table 13. Sensory evaluation of zucchini squash after 20 days storage at

10C
O I 0 1i
Treatment Appearance uter nner Texture Flavor vera
color color acceptance
Control/ 167 200 150 233 283 167
p-container
Control/carton 2.83 2.83 1.83 1.83 2.50 2.50
Aqua/p-container 3.00 3.33 3.00 2.00 3.17 2.67
Aqua/carton 3.17 3.50 417 400 3.83 3.67
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Fig. 57. Changes in weight loss of leafy lettuce during storage at 0C.
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Fig. 58. Changes in ascorbic acid of leafy lettuce during storage at 10C
(CP : control/p-container, CC : control/carton, AP : aqua/
p-container, AC : aqua/carton)
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Fig. 59. Changes in ascorbic acid of leafy lettuce during storage at 0C
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Fig. 60. Changes in decaying of leafy lettuce during storage at 10°C.
(CP : control/p-container, CC : control/carton, AP : agua/
p-container, AC : aqua/carton)
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Fig. 61. Changes in decaying ratio of leafy lettuce during storage at 0C

(CP : control/p-container, CC : control/carton, AP : aqua/
p-container, AC : aqua/carton)
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Table 14. Sensory evaluation of leafy lettuce after 10 days storage at 10T

Overall
Treatment Appearance Off- flavor Texture
acceptance

Aqua/ p-container 3.00 3.33 3.60 3.40
Aqua/ carton 3.46 3.80 4.00 3.90
Control/ p-container 2.83 2.83 2.30 2.79
Control/ carton 2.83 2.83 2.30 2.80
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Fig. 62. Changes in weight loss of broccoli during storage at 10C.
(CP : control/p-container, CC : control/carton, AP : aqua/
p-container, AC : aqua/carton)
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Fig. 63. Changes in ascorbic acid of broccoli during storage at 10TC.
(CP : control/p-container, CC : control/carton, AP : aqua/
p-container, AC : aqua/carton)
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Table 15. Changes in Hunter-L value of broccoli during storage at 10°C
(L : 100 white <> 0 black)

Storage period (day)

Treatment
0 5 10 20
Control P-container 51.44 49.49 44.38 43.81
Control Carton 51.44 43.38 45.46 43.24
Aqua P-container 51.44 46.92 45.05 44.38
Aqua Carton 51.44 43.27 43.05 42.28

Table 16. Changes in Hunter-b value of broccoli during storage at 10°C

(b : - blue < + yellow )

Storage period (day)

Treatment
0 5 10 20
Control P-container 10.92 16.35 18.96 19.94
Control Carton 10.92 15.82 16.63 17.39
Aqua P-container 10.92 14.34 15.82 17.22
Aqua Carton 10.92 12.61 14.32 17.29
€0 1 ~CP +CC AP =AC
8
9
©
g 30
®
3
e
0
0

5 10
Storage period (day)
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Fig. 64. Changes in decaying ratio of broccoli during storage at 10T

(CP : control/p-container, CC : control/carton, AP : aqua/
p-container, AC : aqua/carton)
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Fig. 65. Changes in decaying ratio of broccoli during storage at 0T

(CP : control/p-container, CC : control/carton, AP : aqua/
p-container, AC : aqua/carton)

Table 17. Sensory evaluation of broccoli during 20 days storage at 10T

Off-flavo Overall

Treatment Appearance Texture ; acceptance
Control p-container 1.83 1.50 1.50 1.33
Control carton 2.00 2.83 2.00 2.00
Aqua p-container 2.67 2.16 2.83 2.67
Aqua carton 2.33 2.33 2.50 2.50
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Fig. 66. Quality of broccoli after 7 day storage at 0C and 10T.
(680 : 10T aqua/carton, 746 : 10C control/carton, 153 : 10C aqua/ p-container,
825 1 0T Control, 271 : 10T control/ p-container, 976 : 0T aqua)

Fig. 67. Quality of leafy lettuce after 7 day storage at 10T.
(K : control/p—container, KC : control/carton, A : agua/p—container,

AC @ aqua/carton)

Flg 68. Quality of zucchini squash after 20 day storage at 10T.
: 10T control/p-container, KC : control/carton, AC : aqua/carton,

AP : aqua/p-container)
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Fig. 66. Quality of broccoli after 7 day storage at 0C and 10TC.
(680 : 10°C aqua/carton, 746 : 10°C control/carton, 153 : 10T aqua/ p—container

825 : 0T Control, 271 : 10C control/ p—container, 976 : 0C aqua)

Fig. 67. Quality of leafy lettuce after 7 day storage at 10T.
(K : control/p—container, KC : control/carton, A : aqua/p-container,

AC : aqua/carton)

Fig. 68. Quality of zucchini squash after 20 day storage at 107TC.
(KP : 10T control/p—container, KC : control/carton, AC : aqua/carton,

AP : aqua/p—container)
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Organic substrate + O,

bt Aol A9 OH radicalol] o3k ZZEof A

ZoZ g Qo ofget 2& 471x] A2 93 dojuir)

QEH F2" 7183 F29 OH radical 7+9] #HL
Ti"—OH -+ Ry = Ti"+ Ry

QF&ddor e OH radical®d F&HH 5712319 v

OH: + Ry = Ry,
@E™ F2€ OH radicalo] 4o g H ¢
Ti"—OH- + Ry~ Ti"+ R,
@+ 7123 OH radicale) 5 =8 d oz 3
OH- + R~ R,
a3y, 714 e A Ao FHol 4718
g SdAZ X¥e] HO, 9 0, d%840l 0
H '+ 0,+2 ¢ — HO,  (electrontraping)
“(L)+ O3+ hT— 03 (holetraping)
o A 077 wrEEtd 0, 7 AA "l wE Mo [2]
WEHoZ (O,

18 02+ C160_)2 Clﬁ 0180
uebA, kAo FEAHLS O; &9 AAd =) dojvhed, o,

0,910— 04A%F ] o= A At
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FEoje] g F71& uhge-2 1983 Olliset 29 % A74

Sof o3 AF=Hr] AR, 27)o= Trichloroethylene, Dichloromethane,

3

2 2b5}

O

1884 Agle H[M 2o

CO 4AZ =9 AA EHHY Roz L

2] JE=N
j & S

Ti0, %% g o] 4% Alado] S48 gt Bagd vlastd As

ppm” 5 ¥

H1

(

Table 18. Some example of

ppm)e E7] LEE AAN A

_{r_
A W77 2 AR A FRe Abgo] ST

substrates
Class Example
Alkanes Methane, isobutane, pentane, heptane, cyclohexane, paraffin
Haloalkanes Mono-, di-, tri-, and tetrachloromethane, trichloroethane,

1,1,1-trifluoro-2,2,2~trichloroethane

Aliphatic acohols

Methanol, ethanol, isopropyl alcohol, glucose, sucrose

carb%igfllliiugci ds Formic, ethanoic, dimethylethanoic, propanoic, oxalic acids
Alkenes Propene, cyclohexane
Haloalkenes Perchloroethene, 1,2-dichlorobenzene, bromobenzene
Aromatics Benzene, naphthalene

Haloaromatics

Chlolrobenzene, 1,2-dichlorobenzene, bromobenzene

Nitrohaloaromatics

3.4-Dichloronitrobenzene, trichloronitrobenzene

Phenol, hydroquinone, catechol,4-methylcatechol, resorcinol

Phenols
,0—, m-, p-cresol
Halophenols 2-, 1_3-, 4-Chlorophenol, pentachlorophenol, 4-fluofophenol,
3,4-difluorophenol
Aromatic ) Benzoic, 4-aminobenzoic, phthalic, salicylic,
carboxylic acids | m-and p-hydroxybenzoic, chlorohydroxybenzoic acids
Polymers Polyethylene, poly(vinyl chloride) (pvc)
Sodium dodecylsulphate(SDS), polyethylen glycol,
Surfactants sodium dodecyl benzene sulphonate, trimethyl ph;osphate,
tetrabutylammonium phosphate
Herbicides Methy! viologen, atrazine, promctron, propertryne, bentazon
Pesticides DDT, parathion, lindane
Dyes Methylene blue, rhodamine B, methyl orange, fluorescein

-90 -

Ti0 ,-sensitized photomineralization of organic




Eo] wgo) AHEY 5 U A BAL Fa) afoln UET RE 2R
Ag wEAAk Bk WA, BRHow Bl Jojof &, F A oA

#] 24 o] o] o}
shol, B eI 494 Aol We ol &% & ojof vk a)w, AAA
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1 ZWAA sHAol Aokith olel® AL WEANE ALE  Ti07h 7

& EHA doh derdeg Fakst whgo] digh sk wiEA o 24

rlo

TiOy(anatase)> T10 (rutile)> ZnO > ZrOy,> SnO,> V, 039

o

f

My

A AL, 2 F4e] Ao AAME Az Yol wE thh 49 Ho)s}
de Aoz dEAd g BEFH w34 AEHE Ti0,v dvHozE
rutile ¥ anatase® M2 thZ AA FEE 2= rutile # anatase © FF A
og  Ti'Tol FHol 674l 0 oleo] Eu%n Ye  TiOBWA
Aoz x@HAAY, F AR Fx9 Aol o BUAY HAEHFY Wy F
Z9 Aolg 5 XYW rutile M 027 o]& TAAME FHAHA &I,
nAEA AEY ANAAZ T, anatasedl e ZEAZ oS- AsA H
g8 AP AARYG Aol A HBojxth 3 Ti-Tiel A8 anatase’t
rutile® o4 =Y (anatase: 3.97A, 3.04A, rutile: 357A, 2964), Ti-02 Ae
anatase”} rutile® v} Zt}l.(anatase :1.934A, 1.980A, rutile: 1.949A, 1.980A )%
&, rutile FEAAME 2+ ZHEAC 10710 o2 2UA} HFeta Je vrdEA,
anatase TZoIAM = 7 BWAZE 8o v E IFHAEH} st gt ol
TR ztolol] 93] anatase®} rutile Fe] W AU AFY AolE
€t Anatase®} rutiled 3t /A Bl E ol Hol EAFAG.
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Table 19. Structure of rutile and anatase 770,
= 2 rutile anatase
@ ;g 71] 261 Ho]-;g] 7;]] xé Bol~ 74]
Az 4 a 458A 378A
Az A5 ¢ 295A 9.49A
H] = 4.2 3.9
= A ¥ 271 252
7 %= 6.077.0 5576.0
+ A F 114 31
+ 3 1858°C a2 A rutiledt o2 Aol
band gap 3.02eV 3.23eV
357A 3.79A
Ti-Ti A€l . .
296A 3.04A
1.949A 1934 A
Ti-O AF .
1.980A 1.980 A

Fubgo] §8& WM E anatase’} rutileB v} ¢kt % band gapg 7HAH
(3.23eV9} 3.02eV), quantum yield= anatase’} rutile® vt o £& A$7F 2ot
o= rutileZ oM WE AF wSo] dojubz, ¥ DL HSEE

T2 ¥ Y9 hydroxyl groupe] ool iAo 2 anataseR Tt} rutileo] © 3

X
£
Sh
(JO

zA EFoz AAHI Qed, P-25 Ti0,=
o} Ak FE A3 A
© 2 anatase®} rutile ©] 70:309]

A3 Z7)= 30nmdl0.1me] A &L 7}

A &S E 209

P-25 TiO, #=Fvl= ¥y =& 38

Ao FHHL 3t

@ 7R A Axsn do 718

FA s

HE ol

JAH o2 Degussa P-257F  Ti0,%3=

TiCL ;2 1200ColA F4

il
o
4t
H
%0,
2
i
in}
-4
a
iy

Be A7AEe w4 F3 R Aste NFow 4n vk
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Table 20. Physical- Chemical properties of Degussa P-25

TiO,

Method# Properties Spec. range| Unit
ACM-107-2 Surface Area, Micromtritics 2300 (3) 35~65 m/g
ok ok Ave. Primary Particle Size (TEM) 20 nm
ACM-101 Moisture, ex plant (1)(3) (ASTM D280) <15 %
ACM-114 Ignition Loss (2)(3) (ASTM D280) < 20 %
ACM-102-1| pH-Value, 4% slurry, (3) (ASTM D1208) 3.0~40
ACM-104 | Tapped Density, ex plant (3) (ISO 787/XI) | appr. 100 g/l
ACM-105-1]| Sieve Residue, Mocker >45x (ISO 787/Vl) < 0.05 %
ACM-118 S:0, ) <02 %
ACM-117 Ti04 (1) < 995 %
ACM-116 Al, O, <03 %
ACM-115 Fey O5 < 0.01 %
ACM-112 HC1 Content (1) <03 %
()based on material dried for 2 hours @ 105T
(2)based on material ignitied for 2 hours @ 1000C
(3) provided on every Certification of Analysis
(***) currently not a standard method
o}, 714 acetaldehyde®) £
717 acetaldehyde®] #&E& HAze 2 19 3-49F o] &dHA At
T, ol AL ZAME UVE 99% olde] TiO,d 25 FHAE Zfolz,
honeycomb type2l monolithell 7i0,5 Z"H3 FZuje] = UVE xA}
B Fabe Fato]l Awe AA B AR S Bzt od Ag A
49l acetaldehyde®] 23 Az obdl 1@ 2k 7]l ME acetic acidsh

AEEed, oy BRI g8 Atz dsf wE Aggos

e FRo

fomic acid’} %
Z52 &H

A =2 A Arskete] %

A A& acetic acid®} fomic acid?7} UVE ZAF ¥F]

dEHE Aoz 4dA o
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Table 21. Ti0, particle as sensitizers for the photodestruction of bacteria
and viruses

Semiconductors Biological material

Lactobacillus acidophilus

) (gram-positive bacerium),

Pt/ Ti0, Saccharomyers cererisiae (yeast),

Eschorichia coli(gram-nagative bacterium),
Chlorella rulgaris(green algae)

TiO, in a flow system | Eschorichia coli

Streptococcus mutans
. Streptococcus rattus
TZO 2 .
Streptococcus cricetus
Streptococcus sobrinus AHT

Ti0, Eschorichia coli

Ti0, Phage MS2 (a single-standed RNA hacteriophage)

Ti0, Poliovirus 1 (also coliform bacteria for comparison)
Ab B Eufep BAE 5§

OO I
Patent Inventor Issued Title
Rodewald; Paul G., Rocky |Mar. 5./Method of removing

4997632 Hill, NJ ’ N y 1991 ‘|chlorofluorocarbons from the

atmosphere

. C Method and apparatus
5480524 %f;géniginz }Qéfig}g{] ’ Jan. 2 |removing undesirable chemical
g 1996 |substances from gases, ex-—

Rupublic of Germany haust gases, vapors, and brines

Dong ; Junchang, Brookline| May Apparatus and method for the

= . . ; photopromoted catalyzed
5516492 guAmc Bman, Elliot, 1?1936 degradation of compounds in a
e fluid stream
Fleck; Michael, Oct. 8
55664065 [Schaumburg,IL : Benda ; 1%)96 Carbon monoxide air filter

Georage, Itasca, IL

Method and apparatus for

5689798 g/[eilsrg;én%r;%z Fl?égter;g] ’ Nfgv' removing undesirable chemical
Rupublic of ,Germany 1997 substances from gases, ex-—

haust gases, vapors, and brines
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@32 NAd
Patent Inventor Issued Title
Robertson ; Michael K,
London, Canada : Jan. 9 . P
4892712 Henderson ; Robert B., 1990 Fluid purification
London, Canada
Al-Ekabi ; Hussain,
London, Canada : June : e
5126111 Henderson ; Robert B., 30 1992 Fluid purification
London, Canada
. . Process and apparatus for the
Okuda ; Taneaki, Tokyo -
. L, > |July 19|decomposition of organo
5330661 %ﬁ? n - JT ateishi ; Kazuo, 1994 |chlorine solvent contained in
yo, Japan water
Wiasscs, v, Rl Process for oxiisng
5382337 Italy Alfler}, Mario, . Jan. 17 hyderogen peroxide under
Milan, Italy : Visentin; 1995 diti £ irradiation i
Walter, Milan, Italy conditions of irradiation in
’ ’ aqueous phase
Patent Inventor Issued Title
Melanson; Paul C,,
Mar. 7 |Apparatus for removal of
5395522|Boulder, CO : Valdez; . .
| A Boulder. CO 1995 |organic material from water
James A., .
Zhang, Yin, Houghton, MI
. Critt ; John C,,
q & h(znder;vﬂjo ;II q M Method and apparatus for
oughton, * Hand; ar. . .
5501801 D gd V; Hought MI : |26 1996 destroying organic compounds
avi ., Houghton, : i fluid
Perram; David L., Allouez,
MI
Furness, Jr.; James C,,
Versailles, KY : Barnstead; .
] Oct. 8 |Apparatus for removing
5562822|John W., Oakland city, . .
IN : Rasche; Kenneth ] 1996 |contaminants from waste fluid
Evansville, IN
Shepperd, III; Paul W.,
Mooresville, NC: Vecker; M
ar.
5611934|Larry W., charlotte, NC : 18 1997 Process for dye removal
Cundiff; Robert J., Mt.
Holly, NC
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(3) I A 2 Ax
Patent Inventor Issued Title
. - June
4094751 %?Zlk’ Arthur J. Summit, 13 |Photochemical diodes
1978
Graetzel; Michael, CH-
1015 Lausanne, Switzerland
: Kalyanasundéram;
Kuppuswamy,Chavannes, Product intended to be used as
4477749 I%Ylvétzerll‘iﬁi .mll)euonghong, JSE‘ a photocatalyst, method for the
Switgierlan da. ! 1984 preparation of such product
Neumann—Spéll art: Michael and utilization of such product
Lausanne, Switzerland : ’
Borgarello; Enrico
Euchandens, Switzerland
A5A44470 Hetrick; Robert E., Oct. 1|Electrochemical
Dearborn Heights, MI 1985 Iphotocatalytic structure
Patent Inventor Issued Title
Urwin; Donald, Middle-
brough, England : Sayer;
Andrew T. Stockton
On Tees, England : May 3 .
5308458 Howarth; Colin, R. 1994 Destruction process
Newcastle Upon Tyne,
England : Wallis; Craig,
Birmingham, England
i?b?fﬁli:_wj;;:kg’ Dec. |Rotating fluidized bed reactor
5374405 sale.m Towsl,ﬁp Wayne.y 20, lwith electromagnetic radiation
County. PA 1994 |[source
Meade; Thomas J.,,
Altadena, CA : Kayyem; . . .
lect
5705348|Jon Faiz, Paszdena, CA Jfgné; g:ﬁleflecr acid mediated electron
Fraser; Scott E,,
Newport Beach, CA
3+ 33
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Patent

Inventor

Issued

Title

4571290

Ward; Michael D., south

Euclid, OH : Brazdil, Jr.;

James F. Mayfield village
OH ! Grasselli; robert K.
Aurora, OH

Feb.18
1986

Process for the selective

oxidation of olfins with photo-
chemical illumination of semi-
conductor powder suspensions

4997576

Heller; Adam, Austin, TX:
Brock; James R., Austin,
TX

Mar. 5
1991

Materials and methods for
photocatalyzing oxidation of
organic compounds on water

5173386

Murasawa; Sadao, Itami,
apan

Dec. 22
1992

Titanium dioxide aggregates
process for producing same
and electrophotographic pho-
tosensitive material containing

same

Heller; Adam, Austin, TX :

Material and methods for

Mar.

5194161 Gerischer, Heir%z, Berlin, 16 enhah.ced photocatalyz.ation of
Federal Republic of 1993 organic compounds with pal-
Germany ladium
Heller; Adam, Austin, TX : Oct. %6 Materials and methods for

ct.

5256616 (Brock; James R., Austin, 1993 photocatalyzation oxidation of
TX organic compounds on water
Zhang, Zhenyu, Bronx, NY N Molecular sieve-photoactive

ov.

5468699 : Fehlne.r; James R., Salem 21 semi?onductor m-embranes and
Township, Wayne County 1995 reactions employing the
PA membranes
Maruo; Masatsuyo,

Kusatsu, Japan : Ando; I 5 Titanium oxide particles and
an.

5480636 |Hitoshi, Kusatru, Japan : 1996 method of scavenging noxious
Mukai; Chitoshi, Kusatsu, materials
Japan
Ogawa; Takatoshi, Tokyo,

Japan @ Yoshioka;

Yasuhiko, Tokyo, Japan :

Tsubouchi; Nobuo, Tokyo, . . . .

I . Saito: Toshi I 91 Architecturial material using
a ¢ Saito; Toshio, an. . s

5595813 patt 4 metal oxide exhibiting photo-
Tokyo, Japan: Hasegawa; 1997

Tamotsu,, Tokyo, Japan :
Fujishima; akira, Kawasaki,
Japan : Hashimoto;

Kazuhito, Osaka, Japan

catalytic activity
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Patent Inventor Issued Title
Heller; Adam, Austin, TX :

5616532 Pishko; Michael V., Austin [Apr. 1|Photocatalyst-binder
TX : Heller; Ephraim, 1997 |compositions
QOakland, CA
Maruo; Masatsuyo, Kusatsu,

Japan @ Ando; Hitoshi.
Apr.

Kusatsu, Japan : Watanabe;

Titanium oxide particles and

0624667 Mitsuru, Kusatsu, Japan : 1387 method of producing same

Mukai; Chitoshi, Kusatsu,

Japan

Ogawa, Takatoshi, Tokyo,

Japan © Yoshioka; Yasuhiko,

Tokyo, Japan : Tsubouchi;

No'b u.o | Toky 0, Japan : Architectural material using

Saito; Toshio, Tokyo, Japan | July 1 ) e
56434361 ) metal oxide exhibiting

-+ Hasegawa; Tamotsu, 1997 hotocatalytic activit

Tokyo, Japan : Fujishima; pho v v

akira, Kawasaki, Japan :

Hashimoto ; Jazuhito, Osaka,

Japan

Yamagushi; Yasuhide, Ageo,

Japan : Yamazaki;
5668076 Masatoshi, Ageo, Japan : Sle;). Photocatalyst and method for

Fujishima; Akira, Kanagawa, preparing the same

. . . 1997

Japan : Hashimoto;

Kazuhito, Janagawa, Japan

Takaoka; Kazuchiyo, Tokyo,

Japan @ Hyodo; Kenji, Photoreactive noxious sub-—

Tokyo, Japan : Ebihara; Sep. |stance purging agent and
5670247 |Isao, Tokyo, Japan : Okuy; 23  [photoreactive noxious sub-

Yasuyuki, Tokyo, Japan : 1997 |stance purging material using

Ohgami;, Katsushi, Tokyo, the agent

Japan

Chopin; Thierry, Saint-Leu Colloidal dispersions of cerium

la foret, France : Hugenin; Nov. |oxide core/titanium oxide
5688439 |Denis, Paris, France : 18 |sheath particulates and

Mathurin; Alain, Ouistreham,| 1997 |photocatalytic coatings pro-

France vided thereby

Towata: Atsuya, Nagoya, | Dee. | S2R800 BRSSO
5703002 |Japan : Sando; Mutsto, 30 .

particles and method for syn-
Nagoya, Japan 1997

thesis therof
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@B Eo] Azg

Patent Inventor Issued Title
Juillet; Francois,
Villeurbanne, France Process for the photocata-
3731194 Teichner; Stanislas, Dec. 25 |lytic oxidation of hydro-
Villeurbanne, France : 1973 |carbon into aldegydes and
Formenti; Marc, ketones
Villeurbanne, France
4497508 Lichtin; Norman N, Jan. 24 |Light driven photocatalytic
Newton Center, MA 1984 |process
4427509 Lichtin; Norman N, Jan. 24 |Light driven photocatalytic
Newton Center, MA 1984 |process
Lichtin; Norman N.,
4497510 Newton Center, MA Jan. 24 |Light driven photocatalytic
Vijayalumar;kalambella M., | 1984 |process
Allston, MA
4446236 Clyde; Robert A, May 1 |Apparatus for photocatalytic
Asheville, NC 28302 1984 |reaction
Lichtin; Norman N.,
4451342 Newton Center, MA : May 29|Light driven photocatalytic
Vijayakumar;kalambella M.,| 1984 iprocess
Allston, MA
Cirjak; Larry M., Burton, Mar. 12 Process for the photocata—
4504371|OH : sutherland; Lynne, ) lytic isomerization of olefins
1985 e :
cleveland, OH utilizing a mixed metal cluster
Warfi, Mlch-ael D, S OUth, process for the photochem-
Euclid, OH : Brazdil, Jr. : ) .
. ; Apr. 7 lical dehydrogenation of al-
4655891 \James F., Mayfield Village, 1987 |[cohols with semiconductor
OH : Grasselli; Robert K, .
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