ZIHEd 10-2015-0127050

G (19) W3=53% (KR) (11) /W3 10-2015-0127050
» (12) 3/MNE3FE(A) (43) TALA  2015911€16Y
(51) FAEHFEF(Int. Cl.) (71) &9
BOID 61/44 (2006.01) B01J 19/08 (2015.01) AY 3 QIEHoE=
CI2P 19/02 (2006.01) CI2P 19/14 (2006.01) n = ARG A =S 01801 Y HR QA 2B
CI12P 7/06 (2006.01) CISK 1/02 (2006.01) gJE 271
CI3K 13/00 (2006.01) E04B 1/92 (2006.01) (72) W=t
G2IF 7/00 (2006.01) HOLJ 37/317 (2006.01) R PN
(52) CPCE3] &+ nla AR 2T 02445 BEZY oldW 2=
BO1D 61/44 (2013.01) 90
BO1J 19/085 (2013.01) wtAEW, EvlA F#H o]
(21) "%Hdi 10-2015-7022633 U= uj AN 2F 02445 HESY AW ~EE
(22) ZLLA(SA]) 2014303 H07Y 26
AR Yl (FH A=)
(85) MAEAEUA 2015908920 (74) el
(86) = Al=ANSE  PCT/US2014/021815 =39 elo}F oy
(87) FAF/NHE WO 2014/138600
ZATHLA 2014009€12Y
(30) $A1d+74
61/774 684 2013103908 W= (US)
(] A=)
AR A7 = 0 F 28 &
(54) 2o g3 FH 2EJY Ygadol=
(57) 2 °F
ho] e w2 (e A, A& vlo|us, FE Hio]lowmi P EAl H7|E wlolou~)E JMEAE e f8% St
AAE DL AAE, AW, oux, A8, 4% Tt AEE AT AVEY = 99 AV|FEAE o] &8A
TS Jadel=sty] A AAEE, WHE 9 Aujzt 7jAFel k. FAY A odE EW, sAE
e, A vlolula, Al H7|E, SAAE/Aela H IEFE HFEsY B FAHY JasdEZ s
THLE 2E5Y U5 TMsEit.
0 F - %la
/ A7 =4 AW
40
% Hol MHE
232 24 oA, &
(E142) e T — Vﬁ"‘j*ﬁ*
AER }\in%
oY, T W o :DM?=r : E3ek 27
0 1oz, | 9 =5)
= loge oz |
A+ &4 | [ B e
@Edom ¥ v “(gggqf
AztE £xE8) =% ¢ge
AYs ~=Y




ZIHEd 10-2015-0127050

(562) CPCE3] 2+ (30) $-HAFH
CI2P 19/02 (2013.01) 61/774,773 201303€08Y M| =(US)
C12P 19/14 (2013.01) 61/774,731 2013:303€08Y  w]=H(US)
CI12P 7/06 (2013.01) 61/774,735 201303208 = =-(US)
C13K 1/02 (2013.01) 61/774,740 20131103€08% 1 =(US)

CI3K 13/002 (2013.01)
E04B 1/92 (2013.01)
G2IF 7/00 (2013.01)
HO1J 37/317 (2013.01)

61/774,744 2013303€08Y 1= (US)
61/774,746 2013}303€08Y T =(US)
61/774,750 20131103€08Y 1] =(US)

C12P 2201/00 (2013.01) 61/774,752  20131103€08% w1 = (US)
(72) ue ) 61/774,754 2013303908 7 =(US)
BA2x], ulolo} A o]ZE 61/774,775 2013}03€08% v (US)
3w AN 2 02474 SEE gA s ZE 3 61/774,780 20131103€08%Y 1|5 (US)
23, FF2EY 61/774,761 201313039084 M= (US)
H| 2 u A=A =3 02769 HEHRA O AEDE 96 61/774,723 2013103€08Y W= (US)

61/793,336 20131103¥€154 H]=(US)




ZIHHEdl 10-2015-0127050

o

SalA FstE wolemji fARNE o, FE ol2shd 4 EE 4d ojstd e Al

Azael QolA, A7) AEms e aedERs 2EE oL WAL ojd Auld] ojal AzE BEa

A7 5

Aagel oid, 7] ol L3 WAML &R Ao W A9 W

37 6
A3 WA Asd F o= g Fel ejA, 7] AERA EE fanAERs vl 1% o4 4
= o188 FatEo] A= AR Y

A7 7
A3 WA A6E F o= 8 o glojA], AV AER A wE AR dlo]SujaE 1F o)t kS
ol &alA FtEo] U ALY

3T 8
A7 oA, 7] AR ARl Al W,
3TE9

AL WA A8F T ol & el lolM, AR el 7] F3he vpolevja Ale] o] = oF 500

WA oF 50,000 pS/emoliL, WA7EA Fof g7 GstE wpolewji e o] A 1 WA 100 pS/emgl
29 WY,
7% 10

A1 dA A9 F o= & Fell oA, 7] HAIFA AI=EE o] g4 AAR FY] 4, FiE o3t
A= 9d o] e3td AHS P, K, Mg, Na, Ca, S, 0, Mn, Al, Zn, Si, Cl % Fe& o]|Fojzl o X

A Holw 139 A4E TPFE A W,
37% 11

AL A A10% T o= 3 ol glofjA, A=vtEIRY], o3}, diEY, HE, S5, 5 2 o5



ZIHHEd 10-2015-0127050

2Fow o]For FomPe Adh Wyl oa 47 FHY wolorjs AAF AN BAS o I
e

37 12

Aol QoA, MEL 1% oliel 9A @ ARe AEA717] g5t 1% olae] vl = 1o (non-

solvent)2] H7lI=

it
)
il

7% 13

A1zl oA, 471 £
oo 7l FOoRNE Melg

AT 14

A2l Qeix, 7] Sl deeel A9l

i

A7% 15

b
ok
S

AL WA ALG F o= @ Fo doid, 471 Fohe doleuz AAE 1F olye] Wi YYTS
1
w2 SAlE Y 9EE vholov)s Awy

A16del QlolA, A7) wg PHES G2 A WY,
A7 18

A7l AolA, 7] daee olehEl A .

A7 19

A1 WA A18E T o= g Fol SlojA, BAAE o] &aA 7] FEtE utelewmja AAE SHAT|E &
AE o 2335k W,

7% 20

A198el oA, 7] EAAE B g, 4 g4, 4F wA, & % gi(bone char carbon), HIE 4

oy
= _
gk, zgloldl 4], o}m™ X, AA , O}E}EA}o]E(attapulgite), ERIZL}

FA, g AR HEUoE
°|E, Zmlo]E Bl o]5e] FPER o]Folxl FoRRE Muw Fl WH.
A7 21
198 E= A20Fel JoiAM, M F v Ao ML oF 100 A @l (color unit) HIRFI ZQ1 W
A7 22
198 = A20e] AolA, BA F AFy] o] AL oF 10 A o] wwkl B W,
A% 23
198 = A0 AoA, BA F A7) &I A of 5 A kg mwkel ZQl W,
A7 24
A1 WA A28 F o= & ol A, V] A7FEN AHS 01&0}% Re, 7] Zshe vlolom~

AAE ol AuBe F3) 5= &



[0001]

[0002]

[0003]

[0004]

[0005]

ZIHEd 10-2015-0127050

ALG WA AT F ol @ Fol dolA, Y] Fahe vpolerhs AL 1F gl IRHE
W

i
adk
_O|L
fir
L
o,

373 26

A WA A25F F ol= g ol
=

zYPEx 9 o]Ee
A3 27

A2l el 7] Fe AAR2F TSI, 7] ATH A2 08T Fo| 47 AAuze R

7F Aol of 80 TR AA .

273 28

ol
ol
ol
kl
ox
N
3,
N
S
£
>
[>
o
o
o
oo
ot

F9] 7] ohepulirag]

B 292 o5y /EYES: uF EF 29 A61/774,6845. (29 Y 2013 3¥ 8Y); mF EF =4 A
61/774,773%(Z9Y: 20139 3¥ 8Y); W= 53 &Y A61/774,7315 (YUY 2013 349 8Y); vF 57
=9 A61/774,7355 (LY 2013 3€9 8Y); W= 53 &Y A61/774, 7405 (FY Y 2013 349 8Y); 7
o 53 Y A61/774,7445(FL9 Y 20139 3€ 8Y); wT 53 &Y A61/774,746%(F YU 2013 3¥ 8
d); w2 B3 &9 A61/774,7505 (DY 20139 3Y 8Y); mE 53 9 A61/774,7525 (LY 2013
9 39 8Y); n= B3] &Y A61/774,754%(F LY 2013 3¥ 8Y); v E3 &9 Al61/774,7755.(&F Y
d: 2013 3€ 8Y); Hm 53 Y A61/774,7802(FY Y 20134 3¢ 8Y); wlT 53 EY A61/774,761
I(&YY: 20139 3¥ 8Y); H= EF &9 A61/774,7235 (LY 20139 3¢ 8Y); 2 m= B3 =9 A
61/793,3365(ZY Y 2013 3¢ 15¥9)EHE $4AEL T3, ols 719 779 dA A W&
B A e] a2 HYHT).

rl

wWE ol e

FAY 7 g BW, FAE AFE, BA dolens, KA AYE, SUNE/Aola W HEFE vFato]
B A P dgRs FFARt 059 95 bsdth. @A, o B4, B8 $R3 B8 9
A g, o o, BB AME, voleEn] BAEA ol §HAL, 99T WA AudA drHAY wE 44
of v,

gz volerat wadoR Fedel dAvAFRs rjEsd vYd A4d AFEs A4
(FibriDE E£F@Th. ole &a R 76k shsbd, Watehd Q/me GBS 4 o8 gash] olele
ABEG MELAE AU ABEs dolens BA(AAY, @ade] AAY velews B R
2 e A% 3ol US HT AsaAw, a8 A%, dd-fd ABRs BAe £3 ARRe) Gisl A
% 49 (IBF T8l v R S AAT. danAEEs volonat &4 FAd 04 o W
walgolt. e, 4§39 duwAgEs vl ABRA, drAERs L o o AA 5
3l

!

dutrow wloloujr EHRFY 83 APES st ol&H = WHE 9 AHIE 2 FAAA 71A
H =

s 3 = e
o] gk, dwkd oz we WHE GEA woleu2~E AEgste ©A, o7d, dAMoR AHsia



g

9AE

p

L

}.

61 10-2015-0127050

=

=

N

el

L Ag 2 A ofEhH| A

satdon lgAe

Eal

71er A4

34 (recalcitrance) A

5]

A, i

TEW R O RRM LA DT T N ® om - % [ U X T
TETTS ETEENCTUT s3E FEYT OSRTE EZyfTr phrgsncTaiw
~ 2% 3 _ _ % T - N —
NE R s Elo#aﬂo#olawoi i W o o9 R(]r._ iﬁomﬂC]a ,m.LuzoxTyywrmEnmo:
T g W " o0 [ B L] o do + drAT = o < 2 < u:w,ﬁ% o T B <
O A SC R "B oy B T B mE s T S W oo o XS
Wwog Bl imH,oE R o nmom namoé]]oﬂ T = M 5o o_unmﬁ E%ﬂuﬂ C e
oS oy ° T p PUE m @ s = Zo (b o - T w0 o T A TR S
#m%ﬂm uo:iﬂefiw 3 e < R = w8 BT o B S A
I35 X A - o] " i Sl o o =0 2y n S _- : - ° D= X
= i Y — oo ~ e i ¥ ol S e P (B . R oAy N
Emjaﬂmﬁﬂwam_mwﬂﬂﬁ@ NxT BNy Hew™ Z2EeEw e ﬂwﬂmmmf%ww_me%ﬂﬂ
% TR iE e BT owvs Folls opeg ¢ D I T A
%mwj%%% eI S = o & W =7 ¥ g gxw=u %urmmam%ﬂmm%ﬂ,ﬂ
! ~ T T [z —_— o - 0 - .= T —
ToLs 420 4% BFL Gds S .r SF342d YELISZES.YEw
= o % T t/toLtLtA LK = R w5 aE %= By 2 ,ﬁmi T W BT T o A+
PRPIE mRTRHARIERR opT Tagg TRUE P sem dpdmS R Loy
slpne DRSS Eo g T2 7Y REIT ok TEBEEixizii
= DION o o) Sl or = J— X - o B —
g e s T MR E, PRT 4SE NTCET z3E&235 3 R A S
F2E LT ioﬂewﬂﬂﬁwﬂmgow woN oﬂﬂm o X F Oﬁﬂgﬂﬂ ﬂiﬂ%mﬂwmﬁmﬁgﬁ .
TEPLK good® . el TWE 2 F T X RO T W o = T R I
T T < TE W SF o 2P E R SR B
* oo gy o W %o AT T T o X = ° a ® w WE®ET T 00
T oo 9 W N ° T G % oW o X gy ) = ®l KX
W IEBO Tl H o g il 5o ° EiBENpTE e
Pl mm T NI PIEE ol BYL e R RS F = G FA U S - -
$ 2o R TIC Cl I A N o —n HAWpo T PERH.ogaom U@
PER oy e omPo oy 0N Ho T o =5 o o E oo Oy om o e S @ P m on
° : o ETE" 52T L pi XU (NI T o e = n
L orTE BogldgeZ ol ¥ oy ghe - opH %3 BB e R REE Ty o
T D N B FE P BTN TApg SR W Wy e wm W, o W= §
w2 < S . '} wER R W ww i Py & FEXZETT DEEwm £
TSl R B ET AN W o Dwi” o pd oo T ear T¥Iez. gECFD Ty g
Wmmé__m__ﬂ,_%u%ﬂmw%o_eﬂu.ﬂgww T o Boown G R Py = Do w3
s PR Mape? Dok MR g B ® o 1 Ty Ko K AN g E® S B
ST opw M W B od o TN T ol 5 weadTms EXLHTITH 5 2
T o T P‘m.ﬁJIyIII_JIQ,Io‘%W — = o - JOtE ‘LIMﬂ ‘_lxw g O;ﬂ.m,ﬁlog AT_EGM
Mo(ﬂlmf.n@ O MA E# = Ewni 14% o} _Jv o o SO . _wr B o ‘_E woN = g0 o ioﬂ o O
Ry slb® S hdT gl ir s WA EAE @ d =85 M ° Mo, - 25 S - w3 u
il - ) 5 5 o~ oy Ho s T T MW m g M
& Uk o N of F X L%y T oy A BT % of T A Uy o — " o D W L F 9o 5
on — M7 o {| % <. o B Al e X - T oo W= TET — 42
N g A2 2 Ry N o= 5 "% I o e 200 Mo B
Prd Tt PR e S ey Lo FDES Prrmd. Be sl g =P
TRy TEEIS.RTCE 2 ves DHERZ g REtw ResiliaTiic
" R RS I pl B - N o U o = s - % w o o) 5 = Y = 4T . o
o BT - - o g B X ooy W N o— 2 w A L O o do ° T A
LIz, BT ¢ P iR gH= % BB e TH RAECES BETEZwCEx = il
22T T A : T e T = < I - o NN T =T o A=
a5 = 8 X %o an%_qo.nﬂLq < - X0 - ol X - KT R iz} oo+ "R "R 20 ~ o °
gEEeE e BT E A sxeg 2fSs T H g g ” R TR R )
Mo Tﬁ;A . oo oEZ] % N = gy S _~ - ° ™ OCZIJ_uE.t_ = N
P —— T R . g X IR o™ e o oy 2 < T o oW A SR i E
;w.w.ngﬁWoﬂwﬂigeﬂAi% = o St R LT %ﬂ%miﬂ %oﬂaﬁww#mﬂw,@.%mﬂ@
=2 T = = = T T W weom = A R
ez 2P Zam gyl T g% Tl T — T Wi T WK P2l L aw
SEel % Al sls ps il vrSe s iat 3 R s Hawsh ESgmw Y
xRk T ATWE ﬂﬂwﬁ__% T R pw Cx BT AU T o0 iﬂ%%ﬂ@ﬂ%%]%%
mos Mg TR LT, YR W E R o B I R TR C
R % Aoy 2 o D W oge X Mo ofp o ml W 2T = . x T oo " R M| _Evluae
HElw wa PR 0PFT Mo wh .o ® mER RN W BEF T dE
L by T Bl 7 — ~ —_——— —_ - o2 ~ i . ..
e FU o R RGP TE ToRT KoM MAFTIH KATTL T FTHRIADRTToREAT

[0006]
[0007]
[0008]
[0009]
[0010]
[0011]



S 10-2015-0127050

=

=

H

el
[=)

]

23|

(A, of 3t

il

dpol o ARG B2 ¥

=
ATt

o)

o~
T

Az,

L
i

A

&9 (color unit)d
on
o

o] @ ) 2

~

100 ®RH(AZAY, 50 wgk,
AN

1 v]3h)e)

ok

)

.

H

[e)

ok

ERISI

=

m
o] Adz otk A, HPLCO] 2

AeE gl(aAan, AR g9, geol
Az o] ).

5 m Rk

ok
=

[0012]

23]

=

of 2] 1 s

o
ok 0.5 FER(AAY, < 1 WA 0 2%, °oF 1 WA

EEEER]

T

X

7]

=

Al A, ALz

ol

=

o~ L
_'__EV__
S

=]

o]
0.1 %%, °F 0.8 WX 0.1 &%%, < 0.8 WA 0.2 %, <F 0.5 WA 1.0 TF%, °F 0.1 UA 0.5 %)

o] o]0l e},

2}

Sl

[e)

dElel dahe who] e

&

A

i

&t

o
22 vlo]eujs A=

As

o

=

L

o A mrs} £

1

2]

£l
Hele A

=
T

o

=
=

’

ol
Z o
40

[0013]
[0014]

4y
K

Eh=y

\

, G dIe(dAy, ALRA, ofgpeas, AL

o

)
ps—

oLl
%

A

o
1A

i
o
T
o)

—_
N
-

g el A,

Ack. =

[0015]

il

BN

3]
=

shebo) 6 53}
o), 914, AL, o= FEAA )

~

FEIETIE Rt

7

]
<

s}

)

!

il o) 2

LT

o setrEEe, G

=

o ExE

L]

I AR e} o),

o

Aol o

T

So], 9galE npolQuja A ZRE, A7)

, e

[0016]

gl &

=

13

A

R

A

ol %

A

@A, 71A
A

A

.__]_ =
A

S
- ool

A2

d= 7HsE el ¢

A

ol
ol
ol ;q] =

24

A, o714

L
i

at

[e}

A2

o]

L
i

o3
ol ;q] =

=

A, o 71A

A
i

B

S

e

E X

A

°h &

ol

F3tel wpo] Qv

;ﬂo

A7) %A

wn
!
=

BEe

Q
i

dfol Qw2 AR o]

7} ©F 500 WA 2k 50,000 pS/cmoli, H7F

1 WA 100 uS/cmd;

A=,

&=

SEERY

ol

ol

)

BN

2]
il

oy

)

ol
TR

)



[0017]

ZIHEdl 10-2015-0127050

g AAE; BE A4 TS, @, PR olestn 4 EE 9 ol eshE Aol A7FA AXRE o
g4 AAE; S AaE TS, @, B olesE 4 EE 7 olesi ko] AY)FA Axge ol g
A OAAE; A QAE EFehs, @, P2 oleEE A Ex 94 o] 2ahel Aol WM A2 ol galA
AAR: W D4 wels, o, BE oleslE b B 97 |28 Ao] AYFA AxUE olgaA A
AR ARy Q4% LS, A, P olesE A EX 9l o2 Aol H7)%A AxGS o gaA
AAE IR g Ee, 9, PR s b EE 2 olesha Aol AR Az g
AR fh A2E ZFSE, @, P8 olesE 4 EE 94 o es® ol AR AxHe o) g4 AA
9 ﬂiE}Ol Aas TP, G, PR oLk A = 99 ol2shE Aol AVFH A2YE olgalA
AAR; Fe 942 Teee, @, FE ol£3E 4 wE oA o] eskE 2ol Hr)1RA AxUE oA A
9 EHPEJEH A& olgaln G volouls AT AANIE WA onkE oS3 FBE o] o
s oAAE AANIE B AARE o §alA) Gake vhel ol s AAE AAAAE WA HES ol galA
Gl whol ol AAE AN E VA FHE olgHA FHHE Holenks AAE FANIE BA; BF
AsHE ol §alA FBE whol ol AAE FANIE WA 1F ol AR @i AL HEAFY 9sto]
1% olare] gl mi= W gulel Holol ola) WEhE dolouls AAE AANTE WA 1% o4k 94 gk
A 45N Slsked MEkgel Bkl ols Bobe el AAE AAAE @A 1E o A
e YRS MFAY] Aste] A@gel Azl o8] Y vlolevs GAF FANE WA 1% o4
.

LA = RS HEANZ7] SAste] ofolaZE o] FUbel os| PstE miol v RAS AAAT=

A QS AEATNI S8t ofEe HItel os] FshE wio]lowl AAE A AA]

71 WAL 1% o) 94X ¥ AES AEAY] Hste] oY dlEle] Tt os)] @t wpo]oms 9
BAAZE DAL 1F o] AR @ AwSs AEA7] f8ke HEGSt =255 Mt ofs) )
Hol S AAE AAA = A 15 ol @E AAHES Idse FEE nlolera dAE AEs
A Za AES WY AAE TSt D3t vlelovs AAE AHYste @A, ela o] wa A
B2 o2HEH FHINS; €3E HE ANES AR dAE xFste Dok nfolems AAE At
2 2REH SHIAS; oehg @a BS Ayd AAS z3es Fstd blo)

3
A BAAE o] 8l Fshe nho] v
g

14

)

2

R
B 4

; il

Of

o

B
o g

ofb rr

oo

o e op
1z

R

O i
o,
ofo
=
>~

1
B
i

m
=
>,
Y
ol
vy
oy
[}
o
o

=

SR
L

it oft
&
Ru)
jur]
=
o

o
=
o
to
£

2
i
L
ofo
=
>
oft rir
o
= Fﬂ
jur]
=
o
to
= 2
[>
2
i_r“
il
i)
2z
>
)
Y
ox,
P
N

AR

A

)
jus]
=)
o
fo
2
[>
12
é{
il
g
™
>,
N
ol
v}
)
e
=
)
il
i
==

2o e
ol
ol
rir
2
il
o

[ oo
>

il oft
o
i
=

=]
=

>~
>
)
ol
e
é
ri
f
=
19
(m
il

b el
o
ol
ol
rir
i)
2,
2
o
o
ofo
2

o
oo
2
>
ofl
o

12

A e
i}
2

i
P olehEAOES TP
i dzyoleg g
_1‘4

Xﬂe 013011*1 §1r

i

it

it e i
1=
>
Al
i

i
o
o oo
t3
N
il
> o
o
:OL_',
S
ofl
oty
i,
B
o
to
2
[>
e 12 [ fo

= o2
2

LA
E} A
=

f
g

sl

o

oo

ol
> =
=12
i oo ofl L orlr

"
2
il
o,

oE:)) |
=
1o
x
rlo
(o3
o
—
(e}
t
av)
f 2
=)
=
mO
Mo oS o

Fol smA A A1 Be AZAe o 10 WA o0ve] A
Fohel holon)z AAE Ashs WA AU sE E?ﬁ—b Fohel vhol o oAlE Aelst
=

ol
—_

oo @ vt
_llj
fo ot Hu ol wlo

av)
)
iy

==l
ot
P‘L
rir
oft
o
po o
T
=
o]
to
2 0
[>
12
24
i
2l
ic
P‘L
rir
V)
)
)
o
2
>
>
o
tlo
o,

ox
2
~
N
2
a0
)

N
2
N
It
1
av)
)

Ir
jat

gt e, e woleuat WEHIL YA WRA B} 44
= 2 2534 AR WA ol g% Al2 1)

_(m m_,
V)
X
2
lo, U
:‘I:’L_"
)
wl
>~
[
o
o
b
1z
v



o] *19::5]— 7]_

p

&1 10-2015-0127050

=

il

M

el

. 9ol A" wrel e

(s3]
2R

& o =T MK G
T T o O 2 R s
- o = e e
o e %1u%%$eﬂ = B <N
XV 7& — Bo AHAIHJI ol =
T ! R XS X U S
= = Mﬂ%%ﬂ%aﬁ o &M R B U r
B W =% % o X 2 7 e X N * %ﬂa@ﬂ%;ﬂuﬂuﬁﬂ
£ I mjoo_ngloaTo B s o 2 %%b@ % o B W -
i = TN W MRy i o K M W, =B N g p L™ TR
- .. H = . = now i = 7o I oF urm,%wﬂmdr.)_]r%ﬂam T T
m o o =B dr X "l G+ S o AT 4ﬂ7lﬂa o l% So T
z v E B TE Ry D B =0 w TEOL o Ten
I # = T W%?%Eﬂ% T WA T jc_oﬁ@ﬁ %MjiT%z%o@wﬂ% E L
RO [ = 7%:;.&05_ . of B A ® o LT Pl g WK %o
" = L Elﬁukﬂ CaiE Tiis ?Jxﬂwgﬁmfa T
ur H i Mo::owwwmo T T waﬁ%pﬁoﬂ urﬂg%,@iwovmtw oo
— J— | [ —_ e 1o !
5 ¢ U@ ETEPE Y L Fals ﬁufi e
m T T m%@ﬂéow W_mmm@ %ﬁ;ﬁmw &la%,%?%%%ﬂ L=
— oyl 2 o do N = N X s anmﬂeT ~ o WE%E% o o <
h o —_ ﬂ! —_ N ] — ‘lo_L,DI = o oz o} i
o+ I ) oo o ymEOMﬂ;o ],%I.l BN oF orﬂ7 ~ oW ﬂ;o ul W) To 9 g e
:,L ‘.ﬂol " E,Ol ‘%WOCUEH‘%L ﬂm Mimf_u_/# Jﬂ.ﬂeﬂﬁﬂﬁ Mo,%ogﬂﬂ ‘WILEOQLMﬂE DﬁMME
.J|]1r ol . — = ~
ol T M Loy oy %Mm_ T = ol £ loﬂrad BN cﬂ,.@ub Wm =R %Wﬂx% %M%w
mO © o= _1L n_.eaeTo_E Moﬂ_.w_u\/ %EoAﬂ o 2 zo_ﬂo_ﬂA ,oaﬂu 2ﬁo1
X — 1 BMU_: DJ %O e X0 ﬁﬂN\U‘_ = & ﬁo ﬂ.Al MLWE ) O#E w__r‘ln.ﬂo ™ . ﬂﬂ@”ﬁﬂ%ﬁe _‘@W =K
# = ® T @ATD%%@I W z%%ﬂq%%%@%@%%a@@ T
= © T Bk L%W_]@@mfwv oo m.xﬁizﬂﬂ memgoﬂo_f:ﬂ% B oM
% o MR R R R ool T R A ,wr,uﬂlw._f%mﬁ%EA do & P
o %M%%@ gﬂoﬂmgovﬂmau% mMM.v@n ﬂ%%%w—m% MQ%W?&NMAT%W o%oo#e
rs = ) = . e} o= O T —_ o = N = __ 0 o o
o R Jrac O.# ‘7| N o Oﬂpl‘lqﬂ.ﬂ ﬂL JIL]LE K EEOfL.JXI ‘qﬂﬂ 7ﬂﬂﬂﬂo ]E]F_Z., L]Urﬂ
o e = 9 X ok = o I X T B B o H OB oW ,%5_6 0
T 2 T % S ﬁoogg.%14EH o - 7w WM iomﬂﬂﬂ_LiM%Eﬂ T
o) o o T o - = wmm;/ Ho & no> < Mo - e mﬂd. S o R ol dn oE ol E m N nH
mm [ 3 T _ M <]« oF W CL TE K T _ - U o T Y o mw e T U ©]
X < Nﬂﬁ Moon o OLLNLH w N o e = g N —_ &oﬂhiquﬂmﬂ_wﬂm&xﬂw ot ol
° o lﬁﬂmﬂ ﬁ#xgﬁmxﬂ#h mﬁlo%ﬁ qﬂﬂ%o%ﬁ %%o:mmu%meﬁ oo T 7T
- T N — _]1_11_ ol T o = oo B el (o 5 oo o
K oy U = o) N = K2 PE o N o To RN © TN or w0 = °
I A A SHaE H:gqfﬁjlﬁ T
~ —_ - e H’] 0 o ~ —~
yowrE S ﬁwﬁezﬂmﬂ ) o B dEw B ° 7 i%fﬂoaw;;zr 5
my . ol o Ho o BS = N ™ . 3w = o b _dr ,|¢ ™ F T . o p ol o © T oy 2
w o ET I~ r = ﬂb o . T 0 1I JH ‘_ﬂ_u‘l Mﬂ%urm o) ‘.m—l‘_lfﬂ‘mﬂ‘ur =K T T ‘Ul s
N ™ < I < T g ~ L_i N i F o e o ) — H 3 i° oy e fa S o
- B3 FL ot W _,Wﬂugém?uw ca S mofﬁ_@_q%wgs "
Tz N N _ ~ H 7 - B/ ks = ) ®e XX o o = A i z
SRS S /]mpﬂ]ﬁ;];?ﬁf
. m S oA & % s W E 3w L I =% R K 2
Y W oﬂiefT,ﬂlﬂ g e R otéa&l, ﬂé@l,kog nsx
m g b = o = &K O = bk T W Ho < =
oo o To ;monmu M < %0 o K BN T B R ol pb Ho ] x o D ojn W] Mo XO°
Mo a2 @%E%,%uAfz do _ e ?I%Emﬂ %.H.ﬂ@
W o wWx up 7 S o o oo © o A B &+ ® T g 0
= ok e T hor WxwEDS FN ol do b o N Mo s I
CHCECSC W Ho | R T T W T R =P SCY
do T T 3 0 otz X T W " T A
= R OF B o T u- 3R off
W e N Tz ER=F e T
duqﬁw_.ocﬂ o T o B D % o T R
x| XL,.%E,_.IW‘mW E_o_o 7‘«%2&0 ET N
Htﬂﬁ__o_ojgor_ﬁzoﬂlﬂo&
o,meo_eﬂliwﬁﬂ%7
& Wk o

[0018]
[0019]
[0020]
[0021]
[0022]
[0023]
[0024]



51
10-2015-0127050

=

=

M

=
o

© o

ﬂmﬂbﬂﬂ
o
K oF & T X
1ﬂlr_y X0
moc%_t ﬂ?%ﬁmgui
wo ™oy m o 3 3
—_ o B fpxout ali] o#a A Jo oy =
o s > Eﬁlo (- 1_|\/71J4
Hi%mﬁ 1%;H up A 72§rxxﬁi
oy X G2 Bk Ho Ha,o|1_l Mﬂm il Hr | WE =
uMaTo_Eﬁ < w o ° Wzﬂ U = B =
A e T rw BN E . o T
o o P E&iw%ur«i Iy BUx = _cg%u.o_uﬂ
auETﬁ Ealoﬂ%oﬁ& Awwﬁéﬁwoix @H%»%@ oF T R
trre Ise L S LTI “yiftrg fiel
TR L) S T I P Eay =k A Hw
o o I er w R g o) T X TR Emﬂsam,mz nl o 0 9 wogn
]ﬂx o o€7n OMMﬂ ,|7A = o eTﬂ.ﬂﬂW = LIJA]oU oy 2
T s S o oo L 3 e T T uo»ﬂﬂaze@%
ﬂﬂ&émﬂ ;_oC]L o oﬁ%%%E% ge))o jb%mmoﬂ HAToﬁaﬂ}um )MLLﬂW
R &moﬁu..po T o0 W =% 8 5 Eowm%ﬂ %Lfé xmur.idzmqﬂo
ﬂ_ﬂﬁ,@ ﬂmi.}}mﬁ%ﬂ, HMMWWﬂ@ ,ﬂmﬁgomamw;@z%og @%oﬂ,ﬂ.mﬂﬂn%% °
HOL J‘_So‘w fAY = = o . ‘m_l‘l(\PO‘OI_#O i %Em_x 0] ﬂ;on - | ~ ~ .
4 %wﬁqiﬁ Mﬂmwfi iowamu?ﬁtffm ifﬁpmﬂ_iﬁ?i
VY _ = o+ o iy - NS ﬂulﬂul] oz ,(\_6 ~ SN T o~ o —_
iy i&;f%m J#w?w mﬂlioimﬂff e X PR
il - T I o ™ = S (Lﬂu.o,_ 1.4\U g - X
WMJJLHM# Wﬂiiﬁo#apf mﬂwm]o_l,mlebiﬂa oiwﬂﬂovx%mwmwwﬂﬁw ﬁEﬂEH@UXWmﬂIﬂE@Awo%M#
SRy )%W@@%H ~ < 4K séﬂom(wue,ZAN»Pt@oq% %iﬂﬂ?ﬁ 2wy
" ™ oL —_ - - o S ! RoWlEZ - ° { ™ o = o P oy S
CRCEF I auo_u%io&omo 1%2%%7ﬂ = L F @ip(ﬂu_%gérEO%OOAoALEﬂzOﬂUaE e
N o H ok M < T %m@ﬂa_ - Imcroﬂumjﬁﬂa Dok W o m.xkﬂ iuyo%ﬂmfr%fm%
Mum_lti ﬂ_muiﬂ.ﬁnwc‘:‘lﬂvlorl ,loo,_l_loh ,ﬁo u.xﬂLH‘Wﬂﬁoﬂ_uobfy &o,.w& < ,@Ebfxﬂ T
1z4g o| X T ° o L:;M o = F aﬁﬁo_n ﬂqufl%Dgargf}htosféwh
K w) < oﬁewnbfjoiut ATEmﬂﬂoq 5 wM,Jé_nr_m Hﬂﬁa)ﬂo 1§Wﬂﬂn/mzoE:oﬂ£u_.
WX 3 () T of P W o s =iz oy Mo ¥ B TE & 2T E S T o E
Y w7 gnE i I 32 P T @ = 3 e Bwg B ¥ ® FET T g
5o w < P.N)Eo il I\H,Eﬂ ,xwﬁe_aao#u%ﬁ Aoﬂr.izoan%ﬁp), ﬂxL?zmﬁiE
yR s PRD L BN om;ﬂ%mgmw R ,wwﬂggmﬂ & )%Lmﬂégﬂlﬂ S
= 1%%%@3% T 4 mwﬁaé of o oﬂmﬂé,& g = e i ﬂ_%@ﬁ@io
A 55T “de E Y & _fwaE PE=3 mE Famg o< h p i
- I X %EHMAEO %A%D_x mﬂ%}méuj1ﬂdgﬂﬂ ﬂE@au@;ﬁéEﬂ7maf§
Ho&qeﬁo% d.%ﬂn__ouieL] ]]ﬂ%m.o,uimﬁ mﬂnmo;oﬂﬁ.ﬂﬂmi%n%o_uﬂuuaﬂo = W ) 2 Ea@lwvﬁ o
o (\o.,| ) I a ~ — — — . = — .
b %qu.mq wouamm:zo o@%mﬁaxogog%ﬂo Haiﬂmwmﬂy%wﬂ
oo S u dm&). N o 0r % gizﬁw1%§ui oF NoOT o B uﬁ»ﬂ%o_ﬂﬂq
S 2T T =PI Sy e _MEEe o o " ® o =
T T 0 fi&fi?fﬁﬁ mf@i?fio_%%fﬁﬂfffmo
J.dl.:/ﬂ nﬁz.oﬂ_.,u_lﬂrwvﬁ — "o J| .,_lwwLL. HWLQLQ) VbMﬁio£o1ﬂiLqﬂeALmEhﬂ@txﬁ oy ©
DTN zuiﬁvri G+ ﬂhﬂr%t% ﬂé}h%%7%é aK <n T up M E#ET%_% =
S L St m?j;;;foﬁiiaﬁi;; ,%;@,%wmig
ﬂ?ﬁh%ﬂmx%wﬁwﬁf%wg %N@ﬂ@ﬂ,%w 34 o%dﬁW%%szﬂgéﬂ%w;awwaﬁ
¢%wx¢ﬁmo;@@%@AEAma;@:ngzﬂ:o%awoﬂmmq?%%wwﬂwwﬂ
Sx_faﬁz?;;nlgll_ _;Hiffﬁﬂ?imif;fo T3l wa
== % S vl IR w B Ty L 2 T LT S . m° g GHRE LT LT
S i i,Ao,ga% wA@@%@mzq T e %awm%ﬁw,%QM@vwm&é
=~ gy 0 A i]%urmotﬂm W BT E m«]ﬂ%_ﬂxw_%]ﬂo - T i_/dEaTtoau = P
X Em%ﬂﬂiaur] Ho_ B W N tuﬁz%onogwiul Rk x i= %gﬂxg?
T R ;uPOVﬂiwe T o E@%1ﬂ1%£o.%ﬂﬂ\eﬂ.ﬂiﬂ2 oaordI), ?Eﬂmﬂ.oﬂé%
A Eiowuﬂ g ,%Lrﬂ.gu( sk =B 3o n I e ,uﬁ(%mnfak o
o T W = =r Moo - T ovgeorii Ww%L s n_rmoiﬂ urmwexbu ok
Eﬂ?}du%@%ﬂz@%noﬂmghgomab>ﬂawo1ﬂ%i%mﬁﬁggew%w;
7 %@uﬂﬁ % 1 ,,%mﬂovwﬂsgiﬁaﬂ, ﬂ%%,sz),%Vﬁ =
> o U W Hln.tu%(%o 2ﬂmm] e u:wumw_o.uoﬁeyf;o w o
.#o#u;o ﬂﬂﬂ‘_xLE = < 2 o - oJ.xLE = T yMﬂE‘
L o =~ .ELEA(%EE ﬂaov%i @o%p%]ﬂe 5
mqwj,iaroﬂrg}g)% T ﬂ,ﬂﬂam R
SR Qﬂyﬁ%q @Eﬂ,(@ zwiglfwia
B o o = = juts 5 Mwﬂ e~ = 5 J ME o
FEESE 3 2343 Pt
i~ i ,cari [
%wwma}qmgq@q@
HLA 1%%7
N XET &
X F AR - U
n_rmﬂﬂly

[0025]
[0026]
[0027]
[0028]

-10 -



sl A7

61 10-2015-0127050

g7t A

=

=

H
WE A ETE o] o)

el
[=)

80 =p(A AW, Hol% 85 %, ZHol%L 90 =%, Hoj% 95 =

ok

21

THEo] IFPoEHN, TS E
q0] =

s

BAANZ= 7he
-1

1

E
o=

=

=

azR
L

[e)
4

=]
=

ool §

o] 96
o, oF 1 WA 0 5%, oF 1 WA 0.1 TF%, °F 0.8 WA 0.1 T2%, °F 0.8 WA 0.2 =%, °F 0.5 WA

1.0 3%, 9F 0.1 WA 0.5 &%) 2] Fo] ofgln]=2o|t},

%,

=
K2

Eas!

S

5

A, Al AGE NA
=

%,

a7 9

S

[0029]

i
"o
o
el
A

)

4
ubl

-

o7,

Hrh(215).

=
=

olojn gelowny 4

o)) =

[0030]

ojal A7 =

of il

A

R

Al

JEE ojste] ol gl Sl AA
e

ATH(225).
3}

[¢)
AlE = Arh(240).

tol mleES A7

©

< HiA

ol

=

ol &

o

3L
()

1

s
L

A

i

7 (235)

=
=

2AtH(220).

=
©

N
T

(230).
A ol

=
=

[0031]

) Siskel

A AE

7] 9&

=}
-

o
wjr

)

ez}
=

PSR
=

=
5

A1 A7

e iy AAETH420).

a5

e
=
ojolA], 254

o
g

ol

L
i

S0 A7) (435)

i3

o5

el

WS

i3

AAd 7~

o

=

771541 (430)

ul

a}
A} F2ntE 289 (simulated moving bed chromatography) T A

S FTH(425).

ol
oy
N

el

A

jze)
™
™
o
i

s

i
Ao

o

oF
i

oo
™

o)

l

A17]131(520),
2:_

ool gle]

A

HZ

sho] saE,

vy AdE IA
¢

7] 9

S

o RRE ZE

ol O 3¢
S =g

J

A
Rl

]

7

[e)
R

(

S o
= o

+

tol, 2708 A7)%4 @AZE Al dEfema A St

B2 AAEY ) (510)°,

©

|

3
gl

= 67
a9

[0032]
[0033]

od

o]
ol

ol

3l

He 2

oo

71 Aell, o] kgl o

0

M

e

B

e

~
=K

2

=
T

o, <F 10 TR (A,

=
=

= =

.ol

o
i

N

el

,g_o

. g

=
=

gl ofsf A7
7F, 7HE, WA A

L

Al R
gl

J

%

4

2
T1

5O
=

=

, ololA ot

Aol 7174

% WA 5

0.1 =% WA 1 %%, °F 0.01 %% WA 1 %%, °F 0.001 F=%

o
Nfo

ol

9 TFWA, 8 T, 5 THWHA, 2 TZFWHA, 1 FF7HA, oF 0.1 WA 5 T,

g, oA, pH o 2 WA 6(AT, oF 3 U]

\

3

o
2

A 6, ¢F 4 WA 6, ¢F 4 WA 5)A 7}

%, o 2 THY WA 5 TH%,
Hlo] @ uj o] ©lo] o] &y HH

[0034]

HoEe Fe o e pielA

A
i

L/ A 28t

of ¥kt ey, HUIF

o

A
&

SR

©

A2

o

gz gos

[e]

p

2R 53 2

ol =

°

=

G, ofo]RERIE, opAlE, od o B HED
o, ¢F 1 x50 &%, 2 WA 40 TF%, 3 WA 25 TF%, 5 WA 25 TF%, 40 WA 50 TF%, 30 HA 40

Y343 +

[0035]
[0036]

1
el

o

o

£
)

ol

"



[0037]

[0038]

[0039]

[0040]

ZIHEd 10-2015-0127050

T, & Eo], Holx ¢k 5 NlU(nephelometric turbidity unit)(e]lA, Zo]%= ¢F 10 NIU, FHojw oF
NIU, ZHol% ¢F 100 NTU, Aol% ¢F 100 NTU, Hol% <F 200 NIU, Hol% oF 300 NIU, Zoj%& °F 400 NIU
AAe] oF 500 NTU 22 & Ad & ok, 9% A9, 185 g dr]FA o] HAA=7] ol 243
2 BEAHoR AAHEL. odF B9, nYPEL o, dAEY, JF, FH 2 o5 =¥l & AAL
9 Ao, nPELS M2 ng A BE, oF So], WAE ZAERE fEd. nyE9
3, godlo] &= o 500 NTUZHAl AZF(AAY, <F 100 NTUZFA] A7+, °F 50 NTUZHA] A7k, °F 5 NTUZHA|
s

-+ JH' R
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2 oo W
N g W

Be gaonyH s, gaow 4 galol
9= WY bsd A AAAE BRs, By, 4F, 2 oA we o)
e A £A; BN AR, G0, MEGE, ojetEAlE, Budzitol

% ooj5e] EgEolth ofF 4 AAAL §Ae A F, golo A wg-mue
20 k

0wl AT), 100 Wk, 50 Wk, F 40 Wlwk, °F 30 w/wk, o 20

£ 2
2
il
il
mY
=
oo i
A
A e

o
(il

N
-

LT s o <A A R}

oA 7" FHEANA oS A Hste], «E , o] w3 AZvlE T HFA 7]
FAe] o]de A §Foltt. o] w3 A2 A&E A 435(5] F Ao, ARE ] " g QA ALl E S
o2 3he o, AVFAL, B2 AEE 3 dAGAME AAS AR e o §lo] A&5HoR AP
I Atk dE Eof, E gAAd 7Y TR/ dAE Fo tEAEE A5 9F 500 pS/em 2,
°F 1000 pS/cm =¥, <2F 2000 pS/em =3, 2F 3000 pS/em =¥, °F 4000 pS/cm =3, °F 5000 upS/cm, °F

6000 pS/em =3, <k 7000 pS/em =¥, °F 8000 puS/em =3, °F 9000 pS/em ¥, °F 10,000 pS/cm
239 AREE Ad F AU, BE 95 59, o5 <o 500 A 100,000 pS/em(ZA, <F 500 WA
50,000 pS/cm, °F 1000 WA 20,000 upS/cm, °F 1000 WHA] 20,000 uS/cm, °F 1000 WA 15,000 pS/cm, °F
5000 WA 20,000 1S/cm, °F 5000 WA 10,000 pS/cm)e] A=EE Ad 4 Jqx T3k A7|Fo) o5 a34
o2 Agd ¢ Ygrl. dE Eo, HFAT Fo AEEE Aol 10u(dAY, Holx 20u), Hoj% 30u), 7
of k= 50uf, Heln 1004, aou 5008, Aol 10008 wE AzE 4 Aok AVIFA F, drws o 1 W
A 100 pS/em(AlAD, ¢F 1 WA 90 pS/em, &k 1 WA 80 uS/em, 2k 1 WA 50 uS/cem, °F 1 WA 30 uS/
em, 2 1 WA 20 pS/cm, 2k 2 WA 60 pS/em, °F 2 WA 40 pS/cm, 2F 2 WA 20 pS/em, < 5 WA 100
uS/em, ¢k 5 WA 50 pS/em, ¢F 5 WA 25 nS/em, ¢F 9 WA 90 uS/cm, &k 9 WA 50 pS/em, °F 9 WA
25 nS/cm, ¢F 9 WA 12 pS/em, ¢F 15 WA 60 pS/em, F 15 WA 40 pS/cem, < 15 WA 30 pS/cm, oF
15 WA 20 pS/em, °F 27 WA 100 uS/em, < 27 WA 50 uS/em, <F 27 WA 30 pS/em)¥ 4 Uk, Aok
o9l A7}l A7) FA sl AAHA, Fol wd ZHo] o|§d F ). o] HF A £3| "miEg”

Z-4 ("finishing" column)o]z} XX E ).

7T W/EE ol & WA, oS Hof, PakE wlolemls, WE A F3 2o wolon)s SAzny
2% oleg AASEY &Y 4 Atk 58, doles 9w wE, 2R ER, dolRE, duE ax
9 otElEE Ak, oF Bol, UF, UEF, 2F, chudE, 2w, 2ERE, v, S0F, HehE, AE,
3, A, UA, 7, ok, 2FelE, dd, A Loah, ol L goley Avel= 2 Al
sge] = EAT 4 A3, JIAR S0l o8l AAD & k. golee FRodels, Fzejels,
N

SRUCIE, ofEZAYo|E Bl dFWYo|ES X3 # %M 53], Na 3 Cl& sk 3 5 goi &4
s, dlE 5o, ol o9 of Hojm 50m(dud, = 80%, °F Aol= 85%, of AHoj= oF #o]

90%
= 95%, <F 75,015 98%, <F Mol 99%) 7} A AL ofok UH?} A5 5o, diave EAlstE BE o299 o 1/3&

x4 ¢ gla, AdeEs F& FEA 38 ¢ o 7IE o] &2 F48H(hydrogenation) T3 T F5
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ANES 2 d5F A7) FHe w13 A4S AAS =Y #4825 . dF Eo], ¥7] 4k, d#Ad, HCL, HS0.,

H:PO,, HNOs7F A& &= Atk §7] 4F, dlE B0, oldEAL, #F4F, Z23924k REZ4F, FEA So] 53

AE g At o)F i FEAHOR & HAHoR "olstd F vk, 254 ¥ AVFEAMLS ol f7]

sko]l @& 9lete] o]8d 5 Ut

2 Al AE B, FHEY A a2 AAgEEY 34 ol8d F e AVFA AAe 9

["Electrodialysis Cell Unit PCCell ED 64 0 02", PCCell(=<) ®WA, 20061 1€, 1 A 12 #HolA o] 7]
9 Al

Hol glon; ol il HauE HAJPHI FFo| HEH Qi odF B9, I Fd9 107 o]A e 7]
PCCell DE 64+ & WAA ] 71A1E ol2sld Fslel 4o o]&

2 A Z1AlE BHE, AHER A aFa AILRETR 87 ol8dE F e 95 AV|FAe df A
H2 Td["High Water Recovery with Electrodialysis Reversal", GE Power and Water, Technical paper
1071EN.doc, 2010 3€¥, 1 WA s5ae]A el Z7[AFH ] lom; o], HEe] Fazr AYPHIL F-Fo HFHo
Ak, odE Eof, o] T 1do]x] Y Te] 7|AE vie} e A5 HA7|FA(E 1t ER A4 %) F3d
Ed 9 2 gAaAe 7AE FItd EFRHEY fUd ¥ 2ERS JMEAgsted ol8E £ v Al="ES

71&3ka 3l

A7NFA D I3 A7|FEALS Ed[Electrodiolysis (ED) and Electrodialysis Reversal (EDR)", U.S
Department of the Interior, Bureau of Reclamation, 1 WA 4 #H o)A ]| 7]AE o] glon; o] 1o HAFo]
Fuz HYHIZ FHol HEH k. dE 5o, o] £d 3Ho|A e 7|AE wie} 22 o] Al2E(d 7],
A4 A=, Axgr] 239, A& 23, AL £33 $37], 5% 8] F& AHsME, +8 o3r] & ERYS

# ,
PP AR e AR olge A Edde FHE volens W/EE Fohe vl o) ¥ 2EY
KX

s
g
Ir

254 o A7IEA A= vs pAAFe] oprlgtiol v Alab(Ameridia Somerset)ZHE PF7bsEIth. o
AL, Aol Fuz AdEa §

9]
PN

2006"l 7] A = o]

Zo] HE% "Ameridia in Membrane and Separation Technology News March

g 5o, S0l ofn] =oE AAFE = Ve AAGE A o]8d & = THYEE Ay A% ¥
el B & A 2 kRS ofske] JRA UGl 7] AH .

THYEE APy A% A2"E

A As"E, s R AR, d71FA)7E AolA Z1AE wkel o] Zejan BRE - WHAA ] ojd Tt
oA 71| mhe o] ThaAelE =2 A8E ¢ Uu.

g 5o, B B VIE YPERS] TEdRe HIdS 9% sAHEL, A8 5o, H¥HeE ¥HUERE B
Hom dAgste] dxd 19 Ar]E AATIE @A, o] A A B/Es Fo duHer gEdEE A
sto] o] WS (e, Al 9sl) AA7IE |, 2 FEERE (dAd, ov yAEa e
AN HEolE A ¥ AAlE] AdWE uiel Zel) BEAA T NS FAee dAE 2FE 9
Fot=, A WA, ddd, olatell FAMEA =oFE, a4F AU & LA TEdRe] BANE =93
oA FE £ Qln. G5t Ft F2 Fol, o] EF=(AAY, I3t mFo] FEHLE F2 4] 5
e A9) 52 N2, oA, sej=dl, ddr, EF Ee v o8 Ao sFE v
o] FAelA, &ML, ZFEA, did, wasHe], HAoR v Y £ SN ES 4T + dx,
oJAL olofA ) T R AVIFHel o& v rbeAdd 4 duk. WAL e e @A, ol &H=
4 9 ¥4E e AEE 9 AT e olgtel AAs] ARE Aotk webA, olF Wyl §7t
oA, dE S, FUHARL TheA e dARA, A Axgs, BHE R AR (AW, BAF oled ARvtE

WAL A E

TEYRE WA R AHYFY 19 FRE WASIY 19 GRS ARAIL & Ak ol#E AE, d
& B9, ¥R Hd EAFS FRATIR/AIAY, Fedse AARAY FERE WA Z/AAY, F
HY89] ¥u4 Y/E= tFE(porosity) & S7MAZ & ok, WAL, o E £, AR W, o] ¥, 100
m WA 280nm AR (UV) %, 7wl Z& X-A wWARde] o3 AY 4= vk WAk Ay 2 AHElg A2Ee
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= 53] 718,142,620% % vlw 53 E Al12/417,731% (015 AA A e FaE E WA
Aol =ef=of 9l

WA el oAl ofs) AR = mpek o], 54 438 S welevag o2
FE ZT RS oA =S ol2sATIaL; B olE AR Us &
d z = AFE 9] g wds, oA 4F W
&, AR, otElE,
ol

ol Artec. A

JARHEo] o] &F AS-, oL FA(MEA), F3d FL& SaAF] IS F . A BS, AP YA
v dde Jdabd £ S3kd T o dE, dAd, 1, 2, 3 F2 AAe] 47 o] AdtE Ad 5 9
. gstE Sy B 4 Fx2E WA flete] AE Aol awtd A, Ik iAF aEe
2 Bgez Qe FEAHoz vt = oltk, dAtEo] o™ Ag, T YAES HA HAH(resting
electron) o] A& =2 21 o4, o], A Hdzke] 500, 1000, 1500 Hi= 20008] o]/de] AZE Ad 4 gl
th dE Bof, YAEL o 1 9 @9 WA oF 150 P @, AW, oF 1 YA @Y WA oF 50 94 &
9w ok 1 x| ¢ 25, 7], 1, 2, 3, 4, 5, 10, 12 T 15 92 @ A=ES d 4 Y},

2A7F AR Ao s s AAGde olA, Axby] MAMES, dAd, 107 eV o4, dAd, 107,
10', 107, 10" o4 mi= A o] 10° eV olake] ol X/ HA (AR BE(electron volt))E Ad 4 U}, 22
AAFEe QlolA, A7 HARAe 100 WA 10, oA, 100 WA 107 evel uR/BAE AUk, A7)

AL, A, 1071z o4, 10 1z o4, 107, 107, 1071z o4 Ei= Axe] 1071 o4te] Fu4E AY
S oqnk, @@ AAFE glolA, WAy Wb 100 WA 1071z, dAY, 100 WA 10719 FeE A
t}.
AR =4 (electron bombardment )2 10 MeV w9k, oA, 7 MeV H] 9k, 5 MeV m| 5k = 2 MeV w9k, oA,
ok

ok 0.5 WA 1.5 MeV, 2F 0.8 WA 1.8 MeV Ex= ¢F 0.7 WA 1 MeV] &3 oﬂLML A]L]—L‘f Az} 1 A=
ol &afA FHE 5 vk, 2D F o glolA, T oA E oF 500 WA 800 keVo|t}.

e F 9 F(EE U sl= el W 9], T v s AMEE e, BE
7571 2 BE dlE=e el 39]), ozid], Holx 25K, dAdl, HoJx 30, 40, 50, 60, 65, 70, 80,
100, 125 =& 1501 ok, 2@y Ao, o] Y= Axo] 500N, 750kW, TEE TS 1000kW ©]ao.
2 =} 99 Ao Az} W& 1200kW ], oA, 1400, 1600, 1800 HE Ao 3000k ¥ THE |
Lah=

o

A4 me mwy e
=

°of ¥& & W W9l B v Uk RS olgsl @AdY. 985 5of, WA W A= 27, V) B
oolde] vk dlEE 29 4 gtk the] Sn(7 dlns vl w2 W 99l E Ad) 9] o] &2 =4
gk S des AT, 3ol Bulele e WAstL B9 5] o 7S 9 AP 44
A ST

dur oz npolovlx Bde) W= wad g TS AUs Zlo] wgrAsit. 23 A glolA,
FAE oF 1 A vk, oF 0.75 1A Wk, ¢F 0.5 1A wIRk, oF 0.25 1A wwk, °f 0.1 {1A] wR,
°F 0.1 WA 1 1A, °F 0.2 A 0.3 AA]) oIt}

wdE e @ AEGs Aelshs Aol whgrAein. dubH o, A= oF 0.25 Mud/Z o], oA,
0.5, 0.75, 1, 1.5, 2, 5, 7, 10, 12, 15 o], = 41X <F 20 Mrad/f: o, oA, °F 0.25 WA 2 Mrad/
Z9 AFEAA FPFE Zlo] vigAE. Wk 5 AFES 4 (AW FHo® ) AFS St
Hoh 2 AY#FS 883 Bmn £ AFES dubdor, 4o dEdE ] fste], Hrh 2 A
£55 #ag b sk FddolA, 7h7]E 3 MeV, 50mA W AFel disiM dAEI, A &R, oF 20
me] AE FAAAN, 0.5 g/an®] BA PE(bulk density) & A B 55 Hul 2d)o dislA, 24
v E/Eoltt

Hel AN glolA, AR FAe EAo] Holx 0.1 Mrad, 0.25 Mrad, 1 Mrad, 5 Mrad, oA, ZHol% 10,
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20, 30 =¥ Holm 40 Mrad®] ¥ AZFS 45 wziA FdET. 2E AAFHo| A, o] HEe FHo
oF 10 Mrad W] <F 50 Mrad, oﬂmn oF 20 Mrad WA °F 40 Mrad == ©F 25 Mrad 1A ©F 30 Mrad®] XS 53t
7pA] e, 22 FdEdo QlojA, ol dHonE 7 Bryl of 12 Bt AEE= Al 1, L
of AXA, AR, 5 Med/FZollA A7FE =, 25 WA 35 Mrade] F AFFo] npdzlsicy. Wzh Wy, AlxdE 2
AE, dE B, W7 237 7AWolo] H/ke W4E A% AWololE AMgEA, AP A, B, & %

AFS Afolof| A o]gd 4= Qiu),

oA =g vpel o] bl FE=E o]gslA, E-eol, b 3 S, odl, Fxe ¥ JiAEA, 10
WA 20 Mrad/ 2, o7, 12 WA 18 Mrad/SHollA] 23] T3, =& 7 WA 12 Mad/F 2, d73d, 5 H1X] 20 M
rad/E2F, 10 WA 40 Mrad/ 23, 9 WA 11 Mrad/ B39 33 B2 AHgld &= ).

B A A =oE ufet
Zol, 13]9] & MFHT 23y 39 vy e Aoz BAS Aste AL EHo 3}dS WA s
T3 B FAE 53 A #IAS TUMIIE Aol Aok 22 pEdd o)A, Bde 7 B3 Fet
& o] mubEAY 282 gow E3E I, oloA thg B Aol AA U FTom HFgluEe, He
T7U94E 4ds oAzt
g AN glolA], HAE, dF So], F £%9 75 HAE oA, oA, F L% 85, 90, 95 EE
99 HAE o]ie] £w g si&Hr)
AAFE ] doirl, B wAAel ZAE dele sMEAE g5 adze Az AHolAY E&
, 4 2/5x A9E o&dA 1xE HasdERs B4 fsiA EEBH%E} & Eof, B9 AAF
YoM, AER~ L/EE PaneAE22s 248 25T 2 50% F) HFEolM S48, F 255F% vk(d
[e] (e}

x
F205%% Mk, oF 155%% VIR, oF 145%% v, oF 13%%% ", o 125%% VIR, C’ﬁk 105 %%,

RIS/ = V)
o = 2 A ouE

) - B
%0 nvE, oF 8= n|wk, oF 7RG n|vk, oF 65%% v|wk, oF 55 % vk, oF 453 vwk, oF 35
wuk o oF 9Fekg wwk  oF 13k u|wk i ok 0. 5Fg nnuh)e] R B FES XUt
P2 AA o] QlojA], 27 o)Ak ol3 FFY, oA, 27] ool AR FFPo] o]&dE 4 k. dE
o], BZL Az Wl 9&, olojA Zhwp WARA & ¢k 100nm WA oF 280mme] TS AU WV Fol g,
dojo] &A= AL 4 Ao, 22 AAFHH YA, MEL, WA W, gl PARd, D oy AAg VG 5
I 2o 349 ol23t WA FEYoR AHulE = k. wloleujas, HAAR FZo] shelE $ dE AHE

stolenl o) WS BE BAS ALAT L/ A AY Holenj2E HE ALATY] st AE wu

fg AT 53 34 sSeEE 24 dRaldel wed ALdAd, Az, A3, A4d

248 5 k. 22 AAFHel goid, 28 AsUe £@sE Aot o g8 F glo

= £ ANZEe oA,

3 3, 43] o) AT

Y. & e 246 9&01*1, el A4 F 9l Tkl W

A, 2, 3, 470 ol gel WMol FHAL & Avk.
BER-g g ol oo BA/2RA TR
ke Al 98 s 3

e vholouls BAL o5 (o

o, welonzzrE auz, dqad @AY I

’

Eia=1

g2 Ax e glojA, 7] A (P A Fad e FEdEY 2FE o8)E, EFol Hom oF
0.05 Mrad, olAt, Hol% °F 0.1, 0.25, 0.5, 0.75, 1.0, 2.5, 5.0, 7.5, 10.0, 15, 20, 25, 30, 40, 50,
60, 70, 80, 90, 100, 125, 150, 175 HE+& 200 Mrade] AFS J4 wiztx FddA. 2P AA ol
AdA, A7 A, EFo] 0.1 WA 100 Mrad, 1 WA 200, 5 W= 200, 10 WA 200, 5 WA 150, 50 W=
150 Mrad, 5 WA 100, 5 WX 50, 5 WA 40, 10 WA 50, 10 W= 75, 15 WA 50, 20 WA 35 Mrad®] AHFS
YT WA FPErct,

g9y AX el QlolA, dAd, AERA EE faAdEss BFo EXAS F7MA77]) Yk, (Y99
H W A

A a5 e B wWAAdd ZAaE FEdEe el &) njwE e Mol whAbdol] o] gHk. 1
2= Holw ok 0.05 Mad, oA, Hol% ¢F 0.1 Mrad =¥ Hojx <k 0.25, 0.5, 0.75. 1.0, 1.5, 2.0,
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2.5, 3.0, 3.5, 4.0 & Hox ¢F 5.0 Mad®] MFolry. Y AAFE ] glojx], A=, E40] 0.1 Mrad W
2 2.0 Mrad, o129, 0.5 Mrad WA 4.0 Mrad, % 1.0 Mrad A 3.0 Mrd®] XS Y5 w72 ),

EE, W) BA Some] Bxom st AREE B4 dstel, tae] BPorny EAd B &
Az 2 Aol MEAT & AT oE Sol, BA, dAd, ZAe WEsl £ g, 27 o gH W
A FHEAS RFEAY, Ak Ee A4 el webd, B4 Zozel WAl Ao AFE 94 o 0.75
AR 5 ek oleld Ao, o FAL AL AN S WA BHowRE AL 2ASL A, ®
4% HYod vE Zoave 2AgoEd 2 £ . teel PRosREe 2Abe, vk wabdng
Wz 2ASAR AgA o Ttk 2 A% ol dolAA g Ax W PANY B3 §88 F At

WAL BE314 22 (radiation opaque material)

of WML WAL WA $REAY BAL ol FAN TEHE FY AY: WEE A WA B AEA
Jshe A% TFE 5 Aok BY T golA, AN BEHY BAL e BAS AFT 5 At we
AUA (B E Av: = dugd, W g Q2EA

&
(d7hH & AYe X-Hez2iy FAFEES Add 5 =
iation shielding enclosure)& AAFr] lojA <] shte] Fagt <
E4 244 Ui 875 = T4, EREY MFE e S 7RE 2A4E
AR HEF 1/e(e = 292 Al (Euler's number))®lZ ZAx= A

=

=
J SRR =

BAe FEI FATBA AN BEAYOIAT, e Zg(AA WH)E AUs Aae] ¥ 24 W)
3 = g

15. 1mmo] 32, el thafA oF 2.7mel ¥HE, 1 MeVe] X-M A E o] &F A9, TIAE g §jizk FAE
oF 44.45mo])aL, el tiaA= oF 7.9molvh. AR ERIE B TE £ s YIS e
T e AU g 22d F dn wE, 54 ASEA7E 97, T £ Sl £ A7)
AR A, v ¥ FAE A B, deE 2de o] W Aoyt JIFRAe HHow

Honpe} Fol, I Ao A A YAl upe} o], HYE H ol WA
(interlocking block)d F i, dE B9, @ H/EE FIYE EF5FL d=
o L

Wor ldwide) (mjAFFEAl 2522 M EAl Ao o3 F3E 4 9

(s}

23 E FHEE AMAS A AR HEiA tiE Hol® oF 10%(AXId, Holx ok 20%, Hol% °F 30%,
Aolw ok 40%, Ho%E ¢k 50%, FHo|%E <k 60%, Hol% ok 70%, HojE °F 80%, HolE &k 90%, HojE <}
95%, Hol% ok 96%, Hol%w ok 97%, Holw ok 98%, Holw ok 99%, Ho]w ¢k 99.9%, Hoj%E °F 99.99%,
X 9F 99.999%) % AAI 4 k. wEbA, AR BRI ERER o]FoX JAEFEAE | /A =R/
AE-FY 5SS TIFUHE AL £ o WA EFELA BEe 2HAR A A, 25 o] 73ks AY
= w50, &, F), 2ZYE, £7, 2 2 o5 xS XFF &t A BERERY 2HLe A
o] oF Imm(|AH, 5mm, 10mm, 5cm, 10cm, 100cm, Im, 10m)e] YA} WARA ] HWbako] AW S xvhst 4= gt}

WA FEE ol A THU FHBW ohe A A % wuE PuE FARUG. oF S
24 AR AL A B gAAel AR B, AxE R guls, B GANe] A4 veh ge
THYAWE opeh Ve Qele) F8F TFAL ©8T & At

epdel FRAe UE, Bw, HAUE, 2%, 2H, OF, 205, A, ARE, ACE, 44, JEF, @
# % Awe BA9s S0 ge A 9e ¥gan
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TEYeEE 25 #4, O9dd, 829 52 Eud e ded Al S8, =E 4% 34, 4

A
A, WA HLyncean)] o8] FYHoE ARE AES LA,

& e dE AR 9 FdEi, oA ZAF WA F, o7, HARE, F2F, olxEH, #hE,
g, @5, 7MY JHES 94, Od70d, odEHw, EE, Sow, 45w, AE, ZYXEy, oEs ¥
ZFEFY 9 Y49 &3 oo 93] AitdETh

2 A A O] FFYPoRE T4 F2 JIEF AEE 23S

e WAL G Fado g s Alutolo] | o)l = Al G Aty ME(window ceramic lamp)E X ¢H3HC).

dol~EE, SUM(Slevin® RF 379, EE 44, 44 T 44 748

QAHAAT, A% wE o

A )& 7HEA7IE ol &= HEvle DO, A DC e 71983 DC), RF
A, A7) frie Ad F2 A5 39 F A dE 5o, & o8 vud, A o #ev], & o235
A7), @A BE eFd, mvelasst B o2 ¥Ed, A £ ZF 7157, F4 AF JHE7], e

a8k 7}4:7)(van de Graaff accelerator), FARZTE UE 713&7](Cockroft Walton accelerator)(<ZAd],
AP E2(PELLETRON) (5574 3)  7F57]),  292(LINACS),  tholum| E & (Dynamitron) (A, tholgmER
(DYNAMITRON) (5-F43%) 7157]), AFlEFZEE(cyclotron), JAZEE(synchrotron), HWIEFEE(betatron),
Helt7)1 2] 714 7] (transformer—type accelerator), Flo]aARZEE(microtron), Zet=ml wHA7], F|2aAol= 7}
7], 2 Zv= ®d) 717 (folded tandem accelerator)E H|FEde] ZHE AL A7 B wAlAo] A E
ojlgd F tt. dE Fol, A|FRERA JMEU]E ZEER(RHODOTRON) (W) Al=d 53 el
o] IBMFERH Ig7bs e v, DCA 7FE7]E vl EE (DINAMITRON) (55733) & o] RDIA}, ©]
IBA QI 2EAAZRE F7bssitt. 7]et AE3 7157 AxfoRe, dE Bo], T WAl 3
FAF(Nissin High Voltage) Z2HE 14 713 DC <A o] WH7](DC insulated core transformer: ICT)2]
A 285 L3-PSD(P] =), e Al2=¥lZ=A}(Linac Systems)(Z&2x), wlH2A (Mevex) (FHHth) 2 v =0]A] S
At(Mitsubishi Heavy Industries)(Y&5)ZHE Y4 7Fedh S-¥= 2] (S-band LINAC); ©]|LEE IGXAE
2]=AH(Iotron Industries) (FUth) 2HE §J57bseh L-M= 29 (L-band LINAC); B F-E=# ghuetkEe]=A}
(Budker Laboratories)(BlAlop) 258 f57Fsst ILU-7]8F 7157185 23t o] B o] 71&7|= £dE
[Introductory Nuclear Physics, Kenneth S. Krane, John Wiley & Sons, Inc. (1988), Krsto Prelec, FIZIKA
B 6 (1997) 4, 177-206, Chu, William T., "Overview of Light-Ion Beam Therapy", Columbus-Ohio, ICRU-IAEA
Meeting, 18-20 March 2006, Iwata, Y. et al., "Alternating-Phase-Focused IH-DTL for Heavy-Ion Medical
Accelerators", Proceedings of EPAC 2006, Edinburgh, Scotland, % Leitner, C.M. et al., "Status of the
Superconducting ECR ITon Source Venus", Proceedings of EPAC 2000, Vienna, Austrialell =2]%o] Qlc}, ¥
2 g 7pE7) 2 a5 &5 v 53 A17,931,784F (Medoff)oll 7HAIE ] glow, o] A AA A
&2 Fuz I @A HelHT.

r

12 oE
N 2
>

2

*

o fff

=

» oo

A 205, Ag, dZUF R oldFel B9 94 £ g $NE A P44 el s 448 F 9
oo daHeRt, A4FE dole WA B A4 FFUoEA olgH:, 1% AAE B %Y F 9
o AAFe A4S WSk, )R ololA] Atk A (T, oF 50% o], o 1My o] g, o 2ulgl of
A, oF 5 o]g, oF GuEE o4, of 7ugl o4, o sMul o)A, oF 9wyl o] mi AlXo] 1AW ol el
59 AT B AEEL A, A4k 2700 A7) @ oldlel 2 Mo AEHR 59 F(foil
. % ‘H o

(foi

FEHE A5, xy WA A7) FAREG, A3 DS FARRE AL, FARE WS FElA gk
QujaE AL W 2AMES F7HAITIEH frgstth. Az UE T =

g A7) el ddstA E FekE EwiAlZIaL, AR el ofdk wA A TtEE Q% 5 A S E A
U 25& &0 F 3 Se, 359 289 74 2 AT AR QA e A %

= ]

=

& ool2st T, BA ol B, A ol2st ¥y, ol EA IFY, welars WH ol THd,
Aed == GA 7M7), 4 A3 7HE7], §hdl 22k 74E7)(van de Graaff accelerator) R E#T]E Bl

N
=
o
= 1
@

=
& d tandem accelerator)E& H|E3te] Z+E 7|8} AL X 7F E wWAA ] JfAE WA o] §E
o}, ol2dk A=, oE 5o, HF 53 A7,931,78435 (Medoff)ol MAIE ] o, o] Eae] A A
£ Fuz B Ao #HAAA,
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SR

3]-2 al oz o]gd 4 . AA W& 2& AFE(AHAY, 1, 5 T 4A°] 10 Med/Z),
2 A, 42 29 2 AL F& g ke olHS Ado. AR §le mES =2 A7) a8,
80%)S Xd 4 lol, oE WA W] HlEiA o W dyA o] &S 3§35k, ol Hrh we & HE§
2 B HE oF] o]gd ouXd dl&ste B W2 24 Jlx BHEE A" § Qv AxHe, o7,
A 7], AzAE By, Wy 7], FAF Al2'E FHE We dquR] THEY], A AAEE F
HgE She oy =] 7H&7], AE 7HE7], B "2 k) o dAE 5 ).
AAE w5, dF 59, A& " 71del g, gesE-3 B4 4 739 W3t 28 A oS 287
d 4 ok =3, 0.5 WA 10 MeV«l NUAE 7 MR AEE 24, oAd], 2 GAAel 71AE vlel e
w2 B oA, 0.5 g/en PR H 3 X9} 0.3 WA 10eme] Aol AYe= EES IFS & 9. o]
3 A FEYe A Ak, cﬂlﬂtﬂ °F 0.5 91X ®gk, oA, °F 0.4 <A, 0.3 AX], 0.25 AA
ek e o 0.1 1A wwke] HlwA gke tn], EA] FE F& #EEd dEiA 8 4 vk 29 A

Hlo] 7} xM A= 9F 0.3 MeV WA <F 2.0 MeV(WwF Az} EE(milli
°F 0.5 MeV WA °F 1.5 MeV &&= ¢k 0.7 MeV WA ¢F 1.25 MeVolth. E48 xAMst
WYL v 53 9 371 A2012/0100577 Al (&L Y 2011 109 18Y)ell =25 o] glom o] &

% 2 E gAlAe] AP,

AA W Z2AF FRA = APHeR '—TLUHO}HLP TEHE F Atk dE Eof, AYH, AHAH, A, Ad, A
olF, wid, st Aol A|=®, HF Aol A, A A, vAAlelr] 2 W7 Fu] T3 2 A8 FL
FEE Y8t FA Fol 2HE & k. AEYHo=R, "ol?.aﬂx—? FA = WAL/ HAY AzE F . dE
5o, FAA % REEL o]d ofZg|Ao] A=A Ion Beam Applications) (7)ol ] Fujel-gl-FHo| AA)),
up2l o Aol o] =AH(Wasik Associates Inc.)(WIAFFEMZF2] =gZA o] &A]), NHVAH(L &), B8 ZXxH o]

A(Titan Corporation)(ZEE]3EYola=o] AMtjoo]aiAle]  AA]), wH|Z=  3slo] EH o] A (Vivirad High
Voltage Corp) (WAIFA =59 W gtAlol 4A)) E/FEe F=A R E2] ZAHBudker Laboratories)(2A]
ohE Xgele B WA VA" AHd FEEE F o StUEFH FAE 4 vk AP A0 AHA oy
A& 0.5 MeV, 1 MeV, 2 MeV, 4.5 MeV, 7.5 MeV W& 10 MeVelth. A& &l Axp W A Fx] A5 1k, 5
W, 10KW, 20kW, 50KW, 60KW, 70KW, SOKW, 90KW, 100KW, 125KW, 150kW, 175KkW, 200KW, 250kW, 300kW, 350KW,
400KW, 450KW, S00KW, 600KW, 700KW, S8OOKW, 900KW & 4lxjo] 1000kWY & . AFEE & JE 7IE7|2e
NHV ZAE7] vt S oA Alg]= EPS-500(<] A, 500kV 7F&7] Ak 2 65, 100 & 150mA ¥ HF), EPS-
800( AT, 800KV 7}i71 Ak @ 65 = 100mA W AF) EE EPS-1000(AAW, 1000kV 7F7] A @ 65
TE 100mA ¥ AF)E E3ch. 3, EPS-1500(l A, 1500kV 7F57] At 2 65mA B AR, EPS-2000( 4
A, 2000kV 7F&7] A ‘3—4 50mA W AF), EPS-3000(<lATH, 3000kV 7}47] Ak = 50mA W AF) 2 EPS-
5000(<lzid], 5000 2 30mA ¥ MF) T ZE NHVE 3ol ouA] Alg|2EYE 9 71&7]7F o] 8d = Ut

A A A AE AbSE aeE w9 Efeo]=Q X (tradeof )&
228k FE AT A A =E A S 1P 9o E =
oAl 2 AZF(ESH: environment, safety, and health) ##EALEY Aot} Moz
Qe X-AezRHe AME fste], od7dd, § £ Z3YE] w3 Adid #&dd. dF
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HAA 24 AR e A W S22 FAF S A4 F Aok FAF U2, oAl Bt Atk uy W o
aydgoz A uel, Atk FAF 29 =E Zdol(scan sweep length) B £& FA 2 AUE=R {3
otk ®E, 0.5m, Im, 2m EE L olAke] §83 A9 X Zo] o] &rbeElth. FAF WL HUp 2 FAF E
=AA 7hde] Thsd A R Y] 3 wjZel & HAA ZAE o] AAIF el A rhghA stk
AAZ-%
AR} 717189 5 A 2R 29 F 398 23S 5 9t o] 2 F 3d FF A= U9 ¥ MAE
A 7]A(purge gas) & T3HE, & £, ¥V F2 {F—’Ffi ZIAY = Ak, A AA e glejA, 7]A
ELVA: S € o] thgh oA &He] HasE
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U
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[0124]

ZIHEdl 10-2015-0127050

3k, oF 4% |3}, oF 3% ol3k, °F 2% o]d} 2 AlX|o] oF 1% olzhH)A WUE Fejd 5 Urh. wiolemayE, EG
Fa AHE, dE 50, Holk ¢ 10 TEM(AAW, Hojw oF 20 T, A% °oF 30 %, Holm °F 40
%, Hoj oF 50 T, HFolx < 60 TH%, Folk ¢ 70 THH Y NFES AUe, F& 1FE, &9
7 5 dgRoRA Hddd 5 gt
= 9 =i

UE E4, dF 591, ¢k 0.75 g/ar PR, A, ¢k 0.7, 0.65, 0.60,
5 olgt, o7, 0.025 g/er WMWY HA WEE AYES

1
EHoRE AAgE MERZA & gacdEZs FHIEE o8 4 gt ¥ U ASTM DIS9SBE ]
7;] )]

34 A=, 3], o] W VX9 Ko AR Addd MES AeE @A 2 i AE FHS
A dAE T, da 22 AZY $H(g9S HdEde 7K FI(a)E YEozZA AEHEY. e
g A, $e Ha 9% 542, dF 5o, VT 53 A7,971,8095 (Medoff)ell 7] A¥ el o3 X3t
T Aar, o] T HA MAINELS Huz 2 HAA e HelHh

g2l Ao, dAe A EZe vlelevls B <38 Y (screening) (5, AAF)S ETdch. 2389
2 HHo7 st T A7), dE Eol, <F 6.35m(1/4 AX], 0.25 A=) olsH(dA, <F 3.18mm(1/8 A=A,
0.125 Q1) ola}, °F 1.59mm(1/16 1], 0.0625 QA=) o]a}, °F 0.79mm(1/32 1], 0.03125 1X]) ©]s}f, oZ
o, ¢k 0.51mm(1/50 €1, 0.02000 <12]) olsk, <k 0.40mm(1/64 91X, 0.015625 21x]) ©]a}, <k 0.23mm(0.009
¢1x]) ola}, ¢k 0.20mm(1/128 <12, 0.0078125 21x]) ©]&}, °F 0.18m(0.007 1) ©]&}, °F 0.13mm(0.005 <1
2]) ols}, mE Aol ¢k 0.10mn(1/256 <12, 0.00390625 ¢1x]) o]ah)E AYE W4 F& Aegds 5 F
Atk A Pl oA, FEHoZ = mlolnas Y £ ~aUE FHsinE, HY FE& ~gdEy
2 ol euj i ZAMH A B3 ol HUF 2 BEFL dF S0, B o ArtEAdE ¢ IAY, =
T olES i3] AFAREEE AR 5 Aok g A oA, AFEo F BAL ZAEL, H F
< E4E 23849 A g AAHAY AZEHTE. o FTFH T JAl, ZAHlelo] AA(dE B
ZAdolejo] dF)E AFHO US F AU EE WAR o]Fojd 4 itk dF Eof, e 54 HAAIFH
ol

Mz 24E F4Y 5 A, HAE F2 vqs A Ho wtolemjar iy & HiES 7F

B4 2agd2 B3 g5 Wl ddl, dE 50, 94 ¥ =24& AN 2344 52 vkl =(d
A, A, wabE 22 7lek AA7E ARE 2300 ol Feid 5 glnh. Aaede B Aol vk 24

A dAe TheAes 2dE s AE 28 v dE 50, V] 22 52 U =28 v
star gli= ZAwleloj o] 7 7hdE S T BullE 5 dn. k" 9L, dE 5o, IR AR, vio
Azgh, dAx(dRd, 71A, e, od, wolers), A 7FE B/EE = adel o8 2dE o v
AL Aol s HW £2 shurd B SHoRRYH A8d 5 jla, dSHoAY Fr4d 5 glen,
92 4o o4 F2 B4 AR disiMYg 5 Aok A& B9, ¥ EZZ(conveying trough)?] IHEE
7t AL ARgel s 7tEE ¢ Stk 72, dE Bol, =d& ARATIE HAS A% AY 5 Qv
=2E AR Agol, oA EF Thdel o] F& 7HE glo], wE T mlolevis HE B/EE T
vlole i g Fe M VAW, &7, aka, A, He, (0., oF2:)9) ol ofs dAAd = v,

Adeireow  Axe 7teAge =4S I e Ae X3 #
(Medoff)ell 71A= ] glem, o @] A /HA WSS Fuz & PAXAd dddrt. dE 5o, ¥4
2R, A da)

=
2 Az vholovlz B 9=

=3 3 4 k. o

5 ke AlzE ob2 HAYgE 5 2

o2 MEAe dAxeE sbeAy YRS BAS welems ke OE FFdRd #vste AS XeEd 5
itk 7kl BAE, o Fof, WEHE vl Aol EdE A, HeY] R B FAdews vk
T k. 27 F dE EARE, dE 5o, vF 535 &9 ¥/ A12010/0105119 AlS(EUQ: 20099 10¢
26d) B w= 53 &Y 7 A12010/0159569 AlE(Z9d: 2009 129 16Y)°] 71AE vie} e 5%, At
Bl Bl/EE o] X, oF wde A AMAUES Fuz B A AgRc. drkd F de AY
4 B4L A 2 Vs s HrkE 5 gl VIEF B A AT, BAEE, dxad), A,
T dFAIAY, Exs ¢S ), B, Fu 54 2/EE fr At BHL, dE o, &5
FeEE, H(ddd, & 2 7] &) T SHomA Z/EE fHomA Hrbd & vk 9 Agel, &
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AR Fe 3] Fuel 3] BelHow Aesn WA, AAMeR AL 5 Atk o FEe nE AUE,

AT, £A} Fe dRs) F st olgel s ALY Bdel o AYOR He APl dom AAH A

of o8] BA FEE TE WEAIY] Seldld F ov] Wil #UT & ATk T dmA, FFAR 84
71418

=4
L uksh g2 golof g o g3 1—&5} PAA G B WEE A AAHeR A
g gade] Ay Fe ARE :

l
_E
2
il
il
2
ok
%
o

A3 (chemical pulping))d
3]

B, EG BAS REAOR FE A 7}43—011%1%4_ F Qo e wd A AsReln 249 3

A olgE FE Q. of WHE wW A ARRANA ge BA% @A olgE FE Atk o] we %

Wl B4 UL G B ERA WA, AR Fol, o 50 olgel A e £,

oF 60% ol o] ZHERaEA ghe WA, oF 108 o)) ArRARA ge BA, oF 805 olge] e

W A EE A0 906 o4l RN 2e B A o8B F 9

A A 27 W/EE BE $98 5 e 27 A A, JAA A w9 29H A9 ¥
i 2a =

7]
3] S "0 (opening up), "= Fol"(stressing), FF HE FHste], AL AurEa/H
AY 2A 7271 d9H7] 098 AL B2 AZF2AE Vs b {5 9

FEE-gF AL AFeR Arse PHoRE, dF B, Uy F& 2 xdddg. 9HE, 92
S, &y 9, B 2, FRol= W, 3yd & 29, g3 d, ox d, ¥ EWiley mill), AEE
2o JEl & olfa FHE & duk. B, dE B9, AY/EFEA 2809 E ol &8 +£3E 4 9l
o 2E oAl aEIgEE AE gy, @ agdd, Ay gy £ ¥ 28l (burr grinder)
E s, B4 52 E1HYe, dE 59, @ "o ASoAAY, dE 9, B 5 Ve 245 YEE
Ao ZH AFd F Aok, e 71AA A= WHS 71AA 7>‘H7](mechan1cal ripping) 52 #7](tearing),
Aol =S Jheke o2 WY, a8a ¥y] ek 4938E 2Eet. ZAR JAE AHEs ol shEA
AL 9s 2r1skE EAo Uy 7o B9E ALse doe Ve e o 23
NNAA FFE Y A", dE Bof, 54 HAd A7), 54 dol-u-F ke 5% nuAy T e 5
A EAS AYE 2ERS APNSEF FAE 5 vk B4 Euje, v 9 S, fduolo] AelA e
E49) olF /MA, B4 A ZRod MM, B4 WA #dA TUF EE BEEES MIAA oES
N F A S 22 Ak W/EE Ay tS FIs] 4A EeEA aTEHE /AT ARk #as
Vs A g

10 d

8 = &
L FEE ARAAD o ZA (A #% F), W& i3 dx B4 Fujske 3lo] ukEAE 4 gl
= F 0. Ay, ¢F 0.3 "9k WA °F 0.5 g/cc =7,
3 mwk WA ok 0.9 g/ec 23, ¢ 0.5 016} Bk ] °F 0.9 g/cc =7, <F 0.3 "FF 1A oF 0.8 g/cc %7,
2 vk WA 9k 0.5 g/cc 2R XLIE = k. B B, BFAL v 53] A7,932,065% (Medof f)

rE o o2 wE 10 S i U nE oy

0.
=A 53 FI/ AN02008/073186 5 (ZL Y 2007d 102 26¥, G2 FANHUIL, u=FS AAHT) o) AAE
Wog Ao od) Adsd 4 9oy, oy Fdo HA /MAWES FuE B wAMe HdH. A2}
E4E 2 gAAd ZIAE BHE F ol dfuel ofd bR F UAY, s 2 WA JAE W
E F o= st o3 rtExEE 99 EFE oA AdskE 4 U},

22 AN oA, FtEAE W BAe AF TFLS Adgdenn ATd AFE Iets AR B4
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1], 0.0625 Q1A) olakl A1~AAE FTIHste], A2AF EAS ATt dag A9, AF 99 dd
Ao, oA, Azl o3 Add = Ak, A& B, FTolt AR FFHoREA o]8E A, Fol= ¢4
FHAell Al AlxE R 22 O 3d 23F AYE o)&

A7), oA, EEAF Munson) (7& $-E
M, dAd, 1/4- WA 1/2-9% ZQ 2Efog dukd 4= r). Aldo]
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A Fol, WY UolT AHE A FFUL BA Avsty AMS BAL 2ddsis b ogd &
Ak, #14 Yol ABE A Af FEdel o8 FulH Avd e FFdel 4HE £ U 59S %
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olgd F AUx 7] V A, g 7IAF R Agd gedE- 22 A2, s 53 249 34 A
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e ald(a4s) B8 AE ad), 2 9o 2§ H& el Frold, aglu Aelrow 9o
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He o A FolA B AEHA aLE WF
Py Ao, EAL u=x 55 &Y T/ A2012/0100577 AlE(Medoff H
ol = 2=

ol wBHAL, AHAAY S =

F3t TAL Ax TF W Ba(Ad, FHol%E 4000, 40,000 3 500,000 ¢ o AFL AUE @A) B
BHog o d43] $3E 5 Jdu/dAY, =% Fol, 174\‘41 aﬂ?g_ 7k U, B4 E9 O, B 2018 &
ZAo Autel A el REHoR 2 e FdE 4 vk &g FekE fd g Ak 0%
d FFdRet a4 aga Ay F2d #9-2 Zolvh. @Ert Aloj® 231 st Alx I SR,
AZz2E o 12 WA 9641700 =, AU, FFaAE AFHor AHs] Agd ¢ vt G35 Fol
RREAom o s FyAYA, ket el Aol A 5= )

g o "W YWEES I3 59k, dE £, =4 &9 APCT/US2010/035331%
AWO 2010/1353805 2 Fo 2 F/NH L n=S XA 7[AQH viel 72 AE ZgS o] gdir EdHE A

o] wtgrAst, o] £# e HA A HES Al iz Aget

AvdgAel B w8 $u8 S ARBAL) Az, vloley ANBYA, v, E9
(Tveen) (524HE) 20 5& 8 (Tneen) (5545) 80, Felleal Fehol 2 AR, ol &4 AULA
o ANBRAS £FIT

80, 0% ol F& Ao 9 el w4 o9 gosl BEE T7HI7I7] S5l
AT, Fl A AAD + Ak oA FHA AL F2AAY, EF & Fo VAR FHL AN
oh.

gergow, weh Axwel g o] o & glom, o] Aol FuAE WA, AR, Pu FAA
g Asmeld, dad, 50 WA 150 pprel A Hrkeks Aol MiFAT & Tk Jg AW PAARE, G
Hel B, ¢uld, FRFAUR, ATZESA, feebeldl, stolamrtolyl B, shivieldl, vlertelal,
AN, oo, AEQECONE EGAT. BAAL S5 D AE B AR 4PL AR Ao
ENEE

w2, A, FF VFoR 15 u{x} 1000 ppm, <lAW, 25 WA 500 ppm, F== 50 WA 150 ppm
dast 39, A= G w57 v A L FdE 23E 5 Qv gskye= | v
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woE A% 3 shlel ANBHAYE WA F Ak SAEE £ §9 REE /M
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A Z71d £ Utk gE So], 9 40 WA 50T, 60 WA 80T, TE 1 o)At LA FXE F Urt.
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AAs AEgERA B g4 vpAFEA(Bacillus), ZEB¥2(Coprinus), o]l A8 ZE &} (Myceliophthora),
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M2 225 (Cephalosporium), Aol w5 (Scytal idium), AL E(Penicillium), ofAHEA T~
(Aspergillus), TFE=Xv(Pseudomonas), $vZet(Humicola), FAVE (Fusarium), ElAep8]o}(Thielavia), o}
AU EE (Acremonium), AT 222X F(Chrysosporium) 2 E| I vk Trichoderma) 42 2K-Eo] AETAS ¥
gtal |, B3] olAHEAFA(Aspergillus) (1A, EP 71 A0 458 1623%), Sw|Zgt A< A~(Humicola
insolens) (Atol&relF AR AE(Scytalidium thermophilum) Q.24 AEFE, oAU, v= E3] #4,435,307=
Fx), ZEYU2 A A2 (Coprinus cinereus), FAHE SAI=XE 5 (Fusarium oxysporum), vWio]AZ QT
2} MR F & (Myceliophthora thermophila), W@ BF2x 7|1ZVElS-2~(Meripilus giganteus), ElAz|o} HZ 2
Eg|X(Thielavia terrestris), OFAUEE F(Acremonium sp.)(o}A P RE HAEAIANG(A. persicinum), ©}=
d2g oAU RE(A. acremonium), o}Ad g BI|HE(A. brachypenium), °o}Ad|EE UZFREAEE(A.
dichromosporum), °}AUEwE LBZFEWE (4. obclavatum), oA #|RE HAEYN(A. pinkertoniae), ©}=E|
2y 2AeaY A2 (4. roseogriseum), oFA#UEFE AFEIE(4. incoloratum) E olAHEFE FEE
(Acremonium furatum)s XF3FA|RE, o] &2 AgE= Z olyd) ToZHE Muld 3o 93] Aitd A
S ¥, wEEs geERE, $vuEE AE:N(Humicola insolens) DSM 1800, FAMF SA|=EFE
(Fusarium oxysporum) DSM 2672, wlolAlg] e X &g} AR A} (Myceliophthora thermophila) CBS 117.65, A|&=
X F%F(Cephalosporium sp.) RYM-202, o}A#l| 2 EF(Acremonium sp.) CBS 478.94, o}A | 2¥F(Acremonium
sp.) CBS 265.95, ola#u|®gw HAZAAF(Acremonium persicinum) CBS 169.65, olA@EE olF#EEw
(Acremonium acremonium) AHU 9519, M|ZZ ¥ FZF(Cephalosporium sp.) CBS 535.71, oA dliw BE7|HE
(Acremonium brachypenium) CBS 866.73, ola w2y YIFTEZEAXE (Acremonium dichromosporum) CBS 683.73,
olmdy QB EFEutE(Acremonium  obclavatum) CBS  311.74, ol3a#uEy  HAEYN(Acremonium
pinkertoniae) CBS 157.70, o}A |2y A 18| Al (Acremonium roseogriseum) CBS 134.56, o}= Xy <
Z 2% (Acremonium incoloratum) CBS 146.62, % olad 2w F&+E(Acremonium furatum) CBS 299.70HE
skett}, AER2A B ahv T3 AL E2FF(Chrysosporium), VFEASAE, IAZYALAAEEF S92
(Chrysosporium lucknowense)Z2H-E dojd F g}, o|&d F & /¥ 432 EddAYe
(Trichoderma) (53] Eg]mdw}l BIZE(T. viride), EE|ZTw} AT, reesei) B EgZtv} Id7|(T.
koningii)), Z4Za]A whAd# ~(alkalophilic Bacillus))(elE Eo], wl= E3] #3,844,8900% % EP ¥ H
A0 458 16238 Fx) U 2~EZEulo| N2 (Streptomyces) (AW, EP &H A0 458 1623 x)E E3HsA| vl
ol 52 AgE = ZL olyt,

aad FIlelA F2 ahet 2Fste], 4, 947 2 7lE stEEA (A, AdsA]) o] glaxdER~ 9 A
22 BHE I3ATIEY o]&E F Qth. ol oo ¥ 5L Fe(dAd, a4 H A, & 2/EE
Beho=z ogd F Qltt. oFE B9, Ad FUIAH(AAY HCL, HS0,, HPO,) B 74371 (A, NaOH, KOH)7k
o] g€ 4 9.

3

2 HAAC Z1AE FAEE oA, oE Bol, @3 Fe, d(AAUY, FFIA P AFURA)o] dHE
Ak, dE B0 I MEF, AA3, azntEay(dAd, E FAMo] ZAE vl 2 BAF o5 A=
n BT b ARmEINY), YAEY, F&, T TAE Ve d99 dE 9wy, g olE9

ZI:

2 Ao e FEES FaE EFTE F Utk o B0l SRIs B AdEas A7 HuE 9 A

dYEZ Fistd = Juk. F23E uH(GA, 10 WA 12000 psi) st A Hy9b 2eete] Zwj(o A,

Pt/ZFek-A1,05, Ru/C, @Y Y7 (Raney Nickel), E= FdAlel FAH 7Ig} S]] Abgel s @42 + 3l
k

owiE YYE st WMy et £9, dE 501, 7

o 2 A ZAE W | ]

Ad, FEFL 9@ FEFL-F PAE)o] o= & U, T A MUY ek WL v £ 9
A13/934,7045.(ZL Y 2013d 7¥ 34)oll 7IAH o] glom, o] £ WA MAUES FaR 2 g
A

oa

g2 5o, &% 2 ARRUA(Zmomonas) HHEEolE, BE HE B(E) dFS(E)RY HIS ato] o
29 £ Jrt. TE | YEo] o3t =oFo] gt LEE g HZ pHE oF pH 4 WA 7olth. o E 5o,
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RE 93 A pHE oF pH 4 WA 5¢1 vhA | A ErUAE 93 HZF pHE 9F pH 5 WA 6ok, APl vt
< 3 olujo] &% W= 20T WA 40°C(AAW, 26C
) &

Y7 stol FALG. BAAHoR, 37 EGE
o e AN Fe AN B 92T Fo) s2E BAY /A9 4@ A (urge)E A & A 2R
A5, @14 20 RE B olusheka Al s YHHAY #4085 Q. FoHe B8y A
Pow w7 gt

T
4 & ok, YbHeR 5o gerHeR, F04
=]

A=
l =1 L =
AAs7] fake] zERldladA AEA R vda A7e 248 5 v AE 232 T

uAZe] gk JIFE, dE 5o, "l 53 9 I A12012/0052536 & (LY 20119 7€ 1549) 7 A=
F-710F Gk A7|A7F e 2d/nE HE w9 HUME 4 9den, o 3o AA AL FHum 2

"dE"E Al 9 AIPCT/US2012/710935 (B0 2013 69 27), AIPCT/US2012/71907 5. (/1< : 2012 6
9 279) B APCT/US2012/71083%. (/1< : 20124 69 27e)o] A Wy 2 AYES TPy, o5 &3
o WeE Fum 59 datol £ Al Eghe

A E3 &9 APCT/US2007/0740283% (&9 2007d 7€ 204, WO 2008/011598= A FN=EH L, m
Qe 2 v F5 53 A18,318,453%5 ¢l 7|AlE Hie} 22 o]F A HEv|vt o]&"H & i, oF &
|2 259 o] & HAAC EFEC. wRAARE, 73 Hle o) Ad & k. E, @3 g/E

I
F pEA oz AAHeR FRE 5 Ak

= 5E B0
da A

WEo] o gHE MAB(E)E AA-F2 VAR WEE FHHon 248 VAT & Y. dF Sof, v
BEE el A, MBS B velold EFAAT, o2A ABHE AL obd), FH(AAN, &
g TPHAW, oA ABHE AL ohd), AF, AYVE, AU, AYERE S FF-HA LB
(lv), AFFE LPAAT, ol ABHE AL ohd), = £FY 5 Atk F7AF ARRSS Ao

A4Y W nARe, dA, FFas, TdEs AARe ojdulns, whos Zetes Soud e
R 5o wesES wa AYER AsAe 59e Addt 2a vgERE, AbRvelasF

(Saccharomyces spp.)2] % (genus)(AHFFE ol Al M| Ao} (S, cerevisiae) (" AR), AFFRrulolA2 T2
EFE]F-2(S. distaticus), AHFEuFolAl2 815 (S, uvarum)S EFSIAINE o] EE A|TEE= AL old), EF
ol W) Zulol A A (Kluyveromyces) 4 (E-F-o| M| Zulo| A 2~ v} Z Ao} =2 (K. marxianus), ZFo|W|Znlo]Ax Ttz
(K. fragilis) & EFeAT o] 52 Aty = 21 obd), 2 tH(Candida) & (At R E2 978 2 (C.
pseudotropicalis) 2 Yot} BERAFFI(C. brassicae)E EFSIAT o] ER ATtE = AL ofd), H7|o} =
E]TE] = (Pichia stipitis)(Z¥t)t} H3lebol| (Candida shehatae)Q} TAR), Fekv| =¥ 2H(Clavispora)s:(EEH
vl 2 e} FAERYO(C. [usitaniae) L ZEHH| X8 QLFEIN(C. opuntiae) S EZ3A|TF o] 52 Adty= A
2 oly), 9B7|&#(Pachysolen)Z:(F7|&A S =HBF (P, tannophilus)S ESHIAIRE, o] 24 AgtE &= 2
olyd), B e x=wlo| M2 (Bretannomyces) & (B #| gremtol M2~ F}-$-AYol(B.  clausenii)(Philippidis, G.
P., 1996, Celluose bioconversion technology, Handbook on Bioethanol: Production and Utilization,
Wyman, C.E., ed., Taylor & Francis, Washington, DC, 179-212)5 ¥ 33}A|qt, o]Z4 A3ty = AL old) Y
TTFES X33, Ve HEE nAERE, dF S99, ARREYUA 2RE2(Zymomonas mobilis), ERAEE
B 2(ZFR2EHF AEAEF(C. thermocellum)(Philippidis, 1996, X<3l), FEAEZF AFIERHEHAEY
F(C. saccharobutylacetonicum), Z22~EZF E|ZREIEZ(C. tyrobutyricum), SZETF A7I2HEE
F(C. saccharobutylicum), E22EdlH FUM(C. Puniceum), EZ2EglFH Ho]H7|o](C. beijernckii),
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Z22EF oMAEREBF(C. acetobutylicum)s EFEARE, o]ER AFEHE AL o), mdyduE
(Moniliella spp.)(RE& A} ZHUA(N. pollinis), EEedet EWNEAL. tomentosa), RdEzdg nir]
9. madida), BB At Y A2=(M. nigrescens), R det SANZ=MZ2 (M. oedocephali), Edzd
g PR AN 2. megachiliensis)), ©FE$lot B EH eIV (Varrowia lipolytica), FrdlQvpAITS =
(Aureobasidium sp.), EgZ~XZwoldl2s  F(Trichosporonoides sp.), E=giFAZz  nigjopdle]~

(Trigonopsis  variabilis), EQIZA¥E F(Trichosporon  sp.), rdgdegtol| Eolrers F
(Moniliellaacetoabutans sp.), ElZE} wigollEl A (Iyphula variabilis), Z‘ot} w1 e|ol(Candida
magnoliae), $-2¥e}7|wwlolAblx  E(Ustilaginomycetes sp.), wEAm  =FuAA 2(Pseudozyma

tsukubaensis)®l w3, A ILAM}EuFo) M2 (Zygosaccharomyces), UlvlE] Lmlo] A2~ (Debaryomyces), 3HAl=2}F
(Hansenula) 2 371oW(Pichia) 49 &R £, % dHwlgol=% EZH(Torula)d AH(EEZH ZZEU(T.
corallina))& X3ghd),

F7H4Q nAEL SERAYATS ¥t O R, StERE e A FhAlo|(Lactobacillus casei), ZEHE
Ae) 2 Fwer(Lactobacillus rhamnosus), SERFAE 2 @B 70| (Lactobacillus delbrueckii), ZEWFA
B2 Z3E}E(Lactobacillus plantarum), BFE¥RAE A I UXEN X(Lactobacillus coryniformis), <7,
gEnpde s FZEYEu| o}F Ef(Lactobacillus coryniformis subspecies torquens), TFTEWRAE 2
B2 (Lactobacillus pentosus), ZEMMAZ 2~ BEH|2(Lactobacillus brevis)E X3ttt 7]El v &S
Ho] e FZA 2 H =AM §-22(Pediococus penosaceus), 21332 QB A (Rhizopus oryzae)E X3t}

ol#1dt B2 MAE #FE, FAY 7HA o £9, ATCC(American Type Culture Collection, W]=F BjX|uo}
T2 A z=Ale]l 4A), NRRL(Agricultural Research Service Culture Collection, Tl=r d]x=o]F9] I <
glotalol &) EE= DSMZ(Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, E¥o] BHe}-g-<rul

oFel 2A) FB g i BN T gAHoR FAYCR Aobse,

ot

Ale] EREE, dE 59, d= 2EHRED STAR)(53743%) /82 oeh& @l =(Lesaffre Ethanol Red) (V]
= # = 2El/#HARZEIANRed Star/Lesaffre) 258 457Fs), Z(FALD(SF543E) (M= W= g FEAL
(Burns Philip Food Inc.)e] A}l Zo]wtz o] ~EANFleischmann's Yeast)ZHE A571s), ¢ =€
E (SUPERSTART) (5 57¢31) (ZEl A (Alltech), AX52 dYv=(Lalemand) 258 45715), AE ~EH=(GERT
STRAND) (5-Z43%) (=9l 1 9] AE  2EZE o} l| (Gert Strand ~ AB)®%-H J47H5) ol
| 25 (FERMOL) (5= %) (DSM 2= H 2 E] =AH(DSM Specialties) 2HE U4F715)S F3H3i),

5

g 5 dojXE fAE, dF 5o, "Hoje" (beer column)S o] &dA FHEO hEE B3 FF uAR
SFE derey 7E 43&S BT ¢ . Holgs U Fr|e oY) 3558 oeed 4 3 AR
o7 I¥FE & dv. AFHo=HE A9 FH|(azeotropic)(92.5%) LI Eo EFEL 7| EAHA
(vapor—-phase molecular sieve)& o]&ajx £43H99.5%) °&t22 AA=E 4 v}, wjojg njgRie 3-z
| U719 A1gEe 2Uld = duk. AFH FF SF7)E o] AIFERE Hs €& AT = Uk, Al
1728 3 aAl= AEEVE ol&dlA EElHI W AxVdA dxE & k. AR FEEY o
(25%)= TEFE AedE 7 Jda, A s A2 2 AT AR BUdE F drh. giiEe s &5
ES HE Fio] #HF AR 2o W& vlE SgtEe FE5E WASHA AR AR §HEEA YV
AYR HEold o+ U

@i 232

2 @AM ZAE HHE 2 A=HES o]8se U2 AAFEH oA, odE Eof, ulolomxe} E3tH
gl a-3 Edo] A E 4 . B gAAdd ZAE 29 Fg2 B HAA Y ZiAE de w3}
T3 EAS Agsket o8E 4 Uk, B WAAdA o] 8¥= uiel 2 "eslea-dh B4, ©
Spa AR 1¥ES B EF X¥sE oY e, od Ad, g2 A=, ©l(coal dust), A &
94, 4% 789 e 2 Vg dd-Fd 2 FH EE4E T AS gv|F

=1 , -

g, AE, 5], BEANsilt), =8¥ &8 (drilling slurry)

g ATk, o] g I =Y HU|E 2 BAE A4S HE
] ) 4

BARE dAY, of~ZE A =¥ (asphalt shingling
]
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S A 2"E

Al =oH npe} ZE wpo)omla BHE, 5y AFid 28y 5 AFa
Stedl o]8d 4 Utk A Awolol= WE Awolo], Fek HAMolo], ~3F A
ool JIE, Egel &2 fd Ao J1E, dgHolE, TEE U (front loader), ™3 (backhoe), <l
ztz /\iiﬂolﬂ 2 HE , Egl 2 229 AXA(throwing device)7} o] &¥ 4 Q. o 9], %
Aulolol7h & WAl ZAE s TAAA o] &d = 5 Slrk. zlF Aulolol= AIPCT/US2013/64289% (&€
Ad: 2013 10'& 104, L AA Aol xR B A HYF) 7 o] ot

<]

il of
e AR sl W

7_]—}_ I A] 2Bl O
]

AZ Adolo]=, EAS A7 Avole] ERZ Fw Ao A3 =& PYAe=y B3 &, 9=
S0 7] FFYEE, HolE 49 E Fol(dAdl, Hox o 3 AE, Hox ¢ 2 JE, Hox o 1 FJE, A
T 9F 6 A, Holk oF 5 QlX], Hojk ¢F 4 Q1X], Hojk ¢fF 3 1A, A= °E2°1x, Aok o 1
1%, Hoj oF 15 2x)d 5 gl Awoloje] E wiwk(A, <F 10% Wk, °F 20% wlwk, °F 30% wwh, oF
40% W RF, oF 50% WRF, <k 60% wWE, <F 70% w|wh, oF 80% W|WF, <k 90% wWF, <k 95¢ w|wh, oF 99% w|Th)d]|
A4 & B gug AL § vk, A Avjo)ol= s AE Yol =oH uie} o] F#Ug T
= AUa Aol ERZ Y HA| Fo| AXNEE EFS FAAZ $ Qv 2E Ao, Fr1H gl uky
o] £83 = glth. & Bol, V], dAddl, BREAARE ], Y3k (A, T sE Ay
(CHRISTY SPREADER) (F¥EW)) T o592 23S FHYEE Y2 9o ZAHA sy, wix, F, &
7] F/mE Bey)sled o842 4 vk AuHoez, v mlolouags FE AR H& AEo=ZA Z
5 Auolo] Ao AEd 5= ot BErpRow Al Auolol( A, Al AlololE FFLEL FAld o] &
HEFEHY AR e A2 Adloloj=, Hle]ulAE A1 Ado]o] Al YAl = glow, ¢7]A zﬂz il
Hojoji= Al ZAwojojrr) 2he wkg whekel| Uit Feke] Z S Ad F vk, 53], A2 Aozt A
Hojojol AL FTHAEE A2 2 zﬂl Auolo]e] zhgo oa] Fatwith, EF Mely AAFE Mom zﬂZ
ZA o] upoloj~ 22~ Z wEF-(Zd, 4:19 HE AYe ubioloix oA FAFER, EFLS Al
ZAwo]e] Aol FZ AE( Y, 12 Awelole] T Q&) ozA dakd ¢ ok, ) (dA, BRE
NAE Fabr), 938 galr], Awelo], T A2~ R s Adolo])o] 23t nlo]uxe] x7] Y3} o
A1 AF Aol A Zo| AA Jd& F AU, EE o] Zo A¥o] AA Y& 4 k. Ak Axlo]o]

1 i —Wa
lo,
ne rlo >t

ol detEd, E4e 7Adeolojo] HFd o3 E4 © FdstAl FatHER updAsiAE Zuolo]e] A
Zo] vlo|omjro] FUS Fo gk, W HAAIFEo SlojA, Fr|E EFe] ol8d & Utk THY
B85 HA7IE 29 WHe s 53 A7,153,533& (&Y Y 2002d 7€ 23Y, Fad: 2006 12¢€ 26Y,
o] F&A9 AA MA &S FuE B FAAM HYF)ol MAE k.

dntqd oz AHIFS Hugsty] Hste #Az WS B3 s weE] EES vEATIE Bo] upEA st o
2 Eo], B2& FHox 1 ft/&, dAW, Hol= 2 ft/&, HoJE 3 ft/¥, HolE 4 ft/E, Hox 5
ft/%, Holx 10 ft/&, HolE 15 ft/&, Holx 20 ft/%, Holx 25 ft/%, Hol% 30 ft/&, Hol% 40
ft/®, Hol= 50 ft/®, Hol® 60 ft/%, Ho|E 70 ft/&, Ho|E 80 ft/&, Ho|E 90 ft/E9 &HEojA
WEE ook, o] W HEE, W AF B mAstE b M) #-hEY, o F Eof, 5.5 JE F 7431101
o] B 100mAol] AAA FHE Y4 AA FAQ vtelemjzol] diEiA, AHololE F&3 AL AP (A,

3 Sato] el oF 10 Mrad) & AE3L7]) HAske] oF 20 ft/8-olA ol 4= glom, 50mAolA AMolo]E tH%*
AT AP MRS AT Hske] oF 10 ft/E0lA ol d F Tt

(

o] HigE £ Qe HE(ZL )2 HkE T B2 I A aga BEHoR sk A FHe-H
o 5 B, odAd, 4 EZL, 53] s #AdolojE o]&&lA wiEsiedH HEgsith. Wy S
(conveying speed)=, <& £, FHoJx 100 Ib/hr(A, Holx= 500 1b/hr, Fo{% 1000 lb/hr, Hol=

2000 1b/hr, A% 3000 1b/hr, HoJX 4000 1b/hr, % 5000 1b/hr, X 10,000 1b/hr, ZoiX 15,000
Ib/hr, & AA o] Hojx 25,000 1b/hr)Y 4 Ak, EE dF A WkF £E+= ¢F 1000 WA 10,000 1b/hr
(AT, ¢F 1000 1b/hr WA 8000 1b/hr, €F 2000 W1*] 7000 1b/hr, ©F 2000 WA 6000 Ib/hr, <F 2000 =]
50001b/hr, ¢F 2000 WA 4500 1b/hr, ©F 1500 W= 5000 1b/hr, ©F 3000 W% 7000 1b/hr, ¥ 3000 W*] 6000
Ib/hr, °F 4000 WA 6000 1b/hr 2 ¢F 4000 WA 5000 1b/hr)¥d 4 UTh. AP HQ vkd &5 BZo Un

o HErh, o2 So], ¢F 35 1b/ft39] WES °F 5000 1b/hre] ¥ HEE AUE dlo]Quj e ti3A, &

AL oF 143 ft3/hro] B &2 WEET, dd 2do| oF "o Ty ERY Z 55 ft o] 9 gvd_, 37
B8 oF 1250 ft/hr(oF 21 {t/3)9] ¥&R wEHt. 28 wEsts £r% wex] A 0E 5 k. v
%“46}741%, o E Eol, ¢ U" FA Fo npolomizE, oF 5 WX 100 ft/& (A oF 5 WA 100 ft/H,
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oF 6 A 100 ft/%, ¢k 7 W] 100 ft/%, oF 8 WA 100 ft/%, °F 9 WA 100 ft/%, °F 10 WA 100 ft/
ook 11 WA 100 ft/¥, oF 12 WA 100 ft/¥&, < 13 WA 100 ft/&, <F 14 WA 100 ft/%, oF 15 WA
100 ft/&, <F 20 WA 100 ft/&, <F 30 WA 100 ft/¥, <F 40 WA 100 ft/+, <F 2 WA 60 ft/&, < 3
WA 60 ft/H, °F 5 WA 60 ft/&, °2F 6 WA 60 ft/¥&, &F 7 WA 60 ft/&, ok 8 A 60 ft/¥&, 2F 9 U
A 60 ft/¥, & 10 WA 60 ft/+, oF 15 WX] 60 ft/i, <F 20 HX] 60 ft/¥, <F 30 A 60 ft/+, <F 40
WA 60 ft/H, °F 2 WA 50 ft/&, °F 3 WA 50 ft/&, °F 5 WA 50 ft/&, ¢k 6 WA 50 ft/&, & 7 U
2 50 ft/+, °oF 8 WA 50 ft/¥%, oF 9 WA 50 ft/¥&, < 10 WA 50 ft/&, oF 15 WA 50 ft/&, 2F 20 W
A 50 ft/H, 9F 30 WA 50 ft/&, <oF 40 WA 50 ft/i)e] FEoA wrEdHEt, EHE o5 B, AA Y
(o), A, F(field)) 3toll F&3tel waka fid 249 A 2AE FA8E A4S 571 Slste], d4A
3 Lo wkEEE Aol nlEz sl

%8 A% Aol BAE AATH] Aasked olgHt 2AA(screen), F, AR EFF 5 Ao, =
2xo] Z¥ Fe uey o LE ATE, A8 S0, 27 He ol oJs) 54 BAL AEaAG des
)]

A AAB7) sl ol&d F vk, BE AuelolE AR FRAFl i T4 5:1% A
2 (counterbalance) S Adth. HE g 7Aw|ojoj= Ay Aw)

FAZIEE AAE/EHAY, shte] Auo]o] ZEE THE 7o)
2APIER F2 dHe] ©a L Ao RA) MAAdE. &4

o

A
o7 Ed& %0}4715%
]ﬂ,

3 A, AdoloE, 23, £,
A (sorting), ¥+, =wl, AVZE, A}, XH;“(Inckmg) =% AA, 2, g, 2, e, e, 29
Az, g5, AA, A3, x4, A3 (quenching), , W 1}117% d/%E IS gk, AAR, S 0

A e A2 HEE o]&d 4 vk, 7 ]01% Ek AW (A, EX1-71"1 AW), SH UE Aol

, vE WE AlelE, 54 gelv (), A=, 2~ A, 15, 9E ~"(custom steal), B/
g9 Ezx  #A ZE(quench pool), =3I, HFIH, AZ7(AAM, 2

AA, slH, Ax7] 2/Ee ¥47)E 238 F do. Eg, ERSE A% YA, odE 5o,

gk vier, VAR e, e A RE, =

, S} w}o|*Z(half pipe), AW F2 L= ol

AR Al2gl F/ s gu)eh A" Q).

[2

o wx rir (m

0%

Adeloj (i, XE Auloloh)E WRAAE EAR Axd + Att. 741:’110101h 2HIE 2~ (A, 304,
316 Z~EIRIE 2~ 7, SF2=" RO (HASTELLOY) (57 3%) F+ B JAZA(INCONEL) (T5743%) §+)S E3ste= +
ZAE 08T & vk, I g2, AT (Hynes) (] Qltjoluo] iiENOﬂ 2ADNEFE | sta" R o]
(HASTELLOY) (554 %) U524 g, dA, st~ 2o](HASTELLOY) (554%) B-3(554%) &=, 3txd
O] (HASTELLOY) (554 %) 3o B8] =-BC1(HYBRID-BC1) (654 %) #+=, dh=d o] (HASTELLOY) (554 %) C-
e, Shd 2ol (HASTELLOY) (6 &43%) C-22(534%) 35, shd o] (HASTELLOY) (5-&43E) C-22HS(%&
A3) B, e~ = R o] (HASTELLOY) (524H3%) (-276 3, db2~= & o] (HASTELLOY) (524H%) C-2000(5=4F

S, Sl "l Z o] (HASTELLOY) (654 %) G-30(5FA%) 35, sh~==2o| (HASTELLOY) (5-F4 %) G-35(%
J®) e, SF"ZO)(HASTELLOY) (557d3%) N 5 92 Sh~"2o|(HASTELLOY) (553 %) <LEW

(ILTIMED) (524 %) $3¢ 5 5 9

E A M% HH&A o]d T ¢S So], FZZ(TUFFLON) (ZEH) (V= dgkgolFd 23 FEA
(Dupont ))& X3 & Qlch. 2% Awolojs T UNAA 3dS T4 = itk 1 dEE, AY Z¥=
At(Metal Coatmgs Corp) (M= Ert2Fe] FouA o] 2ADESE T8 & e 2Y, 2 129 EF0 =27
W (Fluoropolymer), AYTXYLAN) (T5435), BB tho|daol=, oA #HlzA, E2HE-H F& =
g, FAE FEfeg-ady gaE, F7)] ofl, EeHESEF R H, PPS/RYTON(“E* F), =T
23} oegd =2, PVDF/DYKOR(SZAE), ECTFE/HALAR(S-S4 %) 2 Agty odZA 34 5& 5 & I}
FYL FA JA(QAY, &), 3}t HA | u® 22 (pitting corrosion), &3} F-2(galling corrosion)
9 Abstol] gk WS AMAAE 7 9
AeAoz B HAAd 719 vk Al2=glo] RILs|A, st o]dke] thE whE AjxElo] BddE k. <l
FEAE o] A%, T4E AvloloE TS UVlE fad A FEddA fAE] fete BEA vA=
HAAE F Ak Ak FES A FHFoRA, 9E A9 19 vk W 54 SH0F s miEA A
B2 2F9 F4s IHsA "rt. oF 5], Abhe oF 200 WRH(IAY, °F 10% ¥, °F 1% WRE, °F 0.1%
wlRk, 9k 0.01% MIVE H= 9F 0.001% MWHe] 42k & Ak HAE A, ol2F, AF EE osEAE
EFEAT o)ER AgEE A2 ofd B VAE ol &3 FAE F Ut oA, dF 5o, IA TF
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(e, oA Ax e A FLE(Doil of NZHE FFAAY, /1=
gAY, m= 9aRyE I3 5 ot 284 JAE H%ii%l % 9, of
s Ba e Zul olgad AAE S Ak dtdew, WX, Asd

=)
& W #A48) fstel 249 = Yok,

BYE Avlolofs vhol oz Mg d 4 gl WA AZ HAD 5 ek olRe 24 4 Ao, B
T ol £ 4 otk WeA AAlE, olskda, Rl 4ha, 0F, wslas, WIS s§HE, okl
o=, BAksE, opfol=, Welol=, SAGEolE, Eavols, i, o2, Avel=, EE, sl U
Ee anEd oA, o]%; AL e otk Wy JlAlE, A, 2AAN, A4, W
2, whelZmut #AL, b, IR WAl ola] Awlelo] QERA el BHED 5 gonw, e ous
S} wrggt. ko] u) ZMF, o o, 2ol ola BHSE 5 ek v, vl ozt A%

Wol o8 A, drie AT, of Bl oA, dad), #riz A%D & AL o
s S uBYE Wy A W,

718t AAFH

2 @AMl =9 gee EA, rtaAE EE JteAdd EEe 53, SAA, Z2A, g "ot
A, FFA L Aojd WEA 5 22 YAE L/EE FUALES Axsted o824 ). o] WHe,
dE B9, 48 % 98 B 7o wA AUIE X3 £ Ut o E Bo], EFdAE AH 2H4E £A
F& FAL} w2 Axd F drt. oE Bol, WA 7wy X, dAd, 7R A= AR
B4 wgEo AFd 84/710d 4 2FES AT 5 Uk ojys B4, dF 59, 15 B4, B
3 AE, #Adely % 7 FERA(GAY, 4Y L/xEes 4E AFEAN FE€F F dg. FHAE, dE
Eo], A, H, AfF H/EE ANEY FHY & Uk, A, 2 B9, U9EEL AT, B EHA2A,
T 29 Alo] AlZ=RA o] &dE & Utk Add WE wEYAE E3 A& 5o #E, H, AfF R/EE
AES Y 4 Ak Aoy WE vjEYAE, dF 9, oFE, MAEA, WA (fragrance) S WESI=H
ol&dE F Utk dE 59, IFFA, FFA R Aolw WEA, ¥ 259 58 =4 A

= %‘E’E‘ %Zﬂ
PCT/US2006/010648%. (& d%l: 2006 3¢ 23%) B = 53 Al ]
olge] HA MA W& Faw & gAAel Addrt.

Wy g9, wpelorla BALe, 15 o4 P(dAY, AARs e AuHon $E5y] ae], dad, 7}
S8 AAE oA HRANS ARAANI] fatel AL el AATh, vl orjat ololq 1% o] e
g e, 25328 BEa) datel A2 FEolA AdE F A dEHew weleusr Aus

Aol AxE 5 Ak A $e wESH) Astel SeA % AN e Agse WAR L9 5
ATt dE B, vtolomz EHLE 9F 20 Mrad W]NH( A, 2F 15 Mrad "IN, 2F 10 Mrad ®]¥F, <F 5 Mrad W]4E,
o 2 i PIRDS £EAA AeHT 1A, 106 IR, oF o6, oF 8 SR, o 7% vl of 6w uw

wEk ok 4% wRk ok 3%, °oF 2% WRF, °F 1% WRF, °F 0.75% W|RF, °F 0.50% W|¥F, °F 0.25% ]”})«]
RO B Below Acddel, AUAE BET £ AL o8 Sel Bolew PEAE AUR
3 Hu, dexoz o 1y A

o, J&'é flr rz 10

0
5 S/ &do (AU, F B/EE AMITFR) Aﬂi At
& dF 8o, 37 T 2/EE ¥ dlel Agdoz (4, <F 150T o]d}, 120C
S oF 25 T ol3H(oF 20 FHD olet, °F 15 T olsk, °F 10 FTHD Olo}, °F 5

24 olsh) 2 AXRAL £ Atk olojd o] mHEEL ok 30 Mad MIWH(AW, < 25 Mrad mI%F, 2F 20 Mrad

w9k 15 Mrad PWE, ©F 10 Mrad @)%, F 5 Mad ®F, oF 1 Mad H]9 e HE glo])e] Fo8 Ay n
A, B, %%EMI)E_ XJEIEM SRS UES F Qv SFIACEAY, §9 F FFIANE
Uz uygEzyE F" .o AFEL olox, "% FHEAFE, dE EWH, oUA EE tE
AAE (A, 2ad Ff *@*é% & Azsh=d o849 F .

Zg = (flavor), WAl € A

2 AN 7R AE B/EE SAAE, Addl, 2 AN AR 38, A" R/EE G
7 =

=i}
=
s Add As T o Aojgtm, HFE, WA, HAA B/EE o5

1o
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of, (HEHor AR, WA B/EE FAAS WA) F, 71 A, AR, Felg, AW, F dmg, o)
ovhe, Af W BHA Ao 1% ol¥e] THE YHES } &

S)EAY o]

=
>
i)
L2
B
i)
&2
B
>
(m
2
Y
> 9
o
bl

Art. dlE 5ol 1T ol ol

Ant. A& 5ol EAE, EH
AR, Ave, 2FEl, vl
c o, A s oS, 2N,

R A, X ar] AW, WE A H]Z 8] &(beef bouillon), | (legume), 7HAF, wlzgo]

2
W
S
ol
> hi
fl
=
fuj
g,
e
—ﬂil
Acs
i
rir
'S
N
]
o,
ox ¥ ol

rr
z
it

¥

% =
=
o2
4
a
ujr
4o
3
>
I
=
@
.
3
2
o
o
o
Jo
o
e I

M mo W |d

T c
T
¥ -

Howo(m

Y
o o
Pl
o%

)

A 2D HFAAE Qoo g o E Ho], ok 0.0015%% WA ¢ 305, AW, °F 0.015
2 %, °F 0.055 2% WA °F 10536 = F 0.153% WA < 55592 HA7HE = . ol&2, ¢
o] o B doo &4 FL el (A, B AN A" Be YHE T T AA
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A FAA, F71 e, vdlE B= F57] s, dE 501, oliEEEE, Astold, AsdFrlE, 7t
2(ddd, S, t=F & TRIE CdS), dEA AgE(dAdd, 34
22 vt (rose madder)), (AW, 4 LM, A A, 4 LH A,
dz, ZLE  ad, HEddGiridian) (A, FsE ASEEAID),  ZEIdeelE
=

(e
S
oL [U&

Nz 0 b
il

(chalcophylite), FYZAFo]E(conichalcite), ZFHFO]E(cornubite), FE&o|E(cornwallite) @ =
o]E(liroconite)7} o]&d 4 Ut}. 7 £ 2 A -4 B 53 22 34 kgv) o] 8d & Q.

ol ¢d & o 9% gz % ek == ACALEA TBHQ, ACET C-6, <& ol Z@lo]|FeolE, &3 YL,
o} B 7| = ¢}o] = (AMBRETTOLIDE), ¢+H 2] (AMBRINOL) 95, SF==#|<1(ANDRANE), o} w|o]E (APHERMATE), off Zu}o]
= (APPLELIDE), ®}thi=(BACDANOL) (G-5733%), W7FZH(BERGAMAL), WIE} ofo] Q= o FAlo]= wE} e olo]
2-Hd oE, HloxfolEFRwUEE, HUY A(BORNAFIX) (5243), ZFEAF(CANTHOXAL),  Zhle&
(CASHMERAN) (5-Z43%), 7141 vl @ (CASHMERAN) (5-F4 %) wlo] &3, FhAI A (CASSIFFIX) (534 %), A=y
2~ (CEDRAFIX), Al=%v](CEDRAMBER) (G5733%), Al=" oA o|E, A 2~Febe] =(CELESTOLIDE), Alvhdut
(CINNAMALVA), AJE2 tholwEl olAlg|o]E, A EE# o] E(CITROLATE) (A3H ), AE=Z9S(CITRONELLOL) 700,
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AN E =29 E(CITRONELLOL) 950, A|EZ9= FZ(CITRONELLOL COEUR), AN EZEY oA Ho|E, AJERUY o}A|
Ho|E Fo], ANERYY ZoolE  Zz}a] A E(CLARYCET), Z&(CLONAL), U= 2H(CONIFERAN), Zu#H&
©] (CONIFERAN PURE), ®]lx <eslo]l= 50% ] = AF(CORTEX ALDEHYDE 50% PEOMOSA), A]Z-@}HE(CYCLABUTE),
A Z2A E(CYCLACET) (534 %), AlZE= 2 2 (CYCLAPROP) (5E45%), Abo] S A (CYCLEMAX) (AE ™), ApolZ
23 o olMEHo|E, thupA~F(DAMASCOL), HEF thmb~Z(DELTA DAMASCONE), tholslo]l=2 AlZ A E
(DIHYDRO CYCLACET), tho]dle]==2 mlo]o Al (DIHYDRO MYRCENOL), Tholdlo]l=2 E]#u| &, tho|slo|=2 EH
Wg olAEHlo|E, tTiolWd Ale]ZFEE=E(DIMETHYL CYCLORMOL), tlelwl® <£ek8 PpQ, tloldo]ojAE
(DIMYRCETOL),  ¢l-&2H(DIOLA),  Ul#MeI(DIPENTENE),  EAIE(DULCINYL) (5=43%)  glagagegoze
(RECRYSTALLIZED), ol€-3-#d ZetolAHo|E, ZFHZ(FLEURAMONE), Z5-2}d(FLEURANIL), E=2E 9
(FLORAL ~ SUPER), Z2ZQFE(FLORALOZONE), ZZ2]ZZ(FLORIFFOL),  ZZ}o]~E(FRAISTONE), Zg=
(FRUCTONE), Zr&h<:2}o] =(GALAXOLIDE) (5-=438) 50, Ze<2lo] =(GALAXOLIDE) (5-=43%) 50 BB, Zg<dlo]
Z(GALAXOLIDE) (55A43%) 50 IPM, Z2<e}o]=(GALAXOLIDE) (5-=4%) AttdFE|=(UNDILUTED), ZnulAE
(GALBASCONE), A Zr=3&}o] = (GERALDEHYDE), #2}1-3(GERANIOL) 5020, #12}4-2(GERANIOL) 600 E}Y), A|2tu-&
(GERANIOL) 950, Al2FY&(GERANIOL) 980 (37°1), A2ty < CFT 5 (GERANIOL CFT COELR), AlztyE& FF
(GERANIOL COEUR), Algbd olAlHlo]E S (GERANYL ACETATE COEWR), Agtd olAlHo|E, o] (GERANYL
ACETATE, PURE), Algbd Follo]E(GERANYL FORMATE), 2@]2tuF(GRISALVA), Folold olAlE] o] E(GUAIYL
ACETATE), 2] @ (HELIONAL)(A43™), S|HHHERBAC), &12+e}<) (HERBALIME) (W), dAiluztgalo]=
(HEXADECANOLIDE), S22 (HEXALON), 3lAld 2tz @lo] E(HEXENYL SALICYLATE) Al 3-, 3lopals wir]
(HYACINTH BODY), 3|okal2 ult] A|3Z(HYACINTH BODY NO. 3), dlol=g}E=3 <u)|s}o] =(HYDRATROPIC
ALDEHYDE) .DMA, 3}o]=EA]L2, <Q1Eo}&(INDOLAROME), S1E# gWl <ds}o] = (INTRELEVEN ALDEHYDE), <1Ez =
Wl ¢esto]= 2~ (INTRELEVEN ALDEHYDE SPECIAL), olo]@¥= <s}(IONONE ALPHA), ofo]Q.t= wH|EF(IONONE
BETA), ofe]a Alo]E R AFOJEZ(ISO CYCLO CITRAL), oFeli Alo]E & A& (IS0 CYCLO GERANIOL), ofo]a
E 3 (IS0 E SUPER) (5-2743%), ofolafd F=d, A=T(JASMAL), AALJESSEMAL) (5-343), e
(KHARISMAL) (S-S 3%), 7Fe] 2~ (KHARISMAL) (5-54+3%) =9 (SUPER), A1 (KHUSINIL), o} (KOAVONE) (5
=2AF%), 3% (KOHINOOL) (5-=A4F), @Fo] o}=(LIFFAROME) (A% ™), ] =2H(LIMOXAL), # 6] (LINDENOL)
(FEH), ZZ(LYRAL) (T241), 28+9] 43 (LYRAME SUPER), wrth#l(MANDARIN) ALD 10% TRI ETH, CITR, =}
2 E]WF(MARITIMA), MCK X1Z=(MCK CHINESE), W OJXZ(MEIJIFF) (%), HAtE=2(MELAFLEIR), @W=z&
(MELOZONE), Wld <tEgtdHolE, WY ofo] = &3} A~EZ(METHYL IONONE ALPHA EXTRA), W& o}o]o =
Zoh AGMETHYL IONONE GAMMA A), ™& ofo]Q = Zim} L (METHYL IONONE GAMMA COELR), w€ o}o]@i= Zu}
o] (METHYL IONONE GAMMA PURE), W€ =biit] AE, ZEPHT (MONTAVERDD) (5-5733%), FAIAIoHMUGUESIA),
T < sle]= 50(MUGUET ALDEHYDE 50), S22 Z4(MUSK Z4), mlo]gl <hu]d}o] =(MYRAC ALDEHYDE), wlo]Ald
oA H o] E(MYRCENYL ACETATE), “lE}el| o] E(NECTARATE) (“d32™), W& 900(NEROL 900), Ul ofA|E] o] E(NERYL
ACETATE), QAJ®(OCIMENE), SEFMIEH(OCTACETAL), <L #x] =] olE{(ORANGE FLOWER ETHER), <&]*
(ORIVONE), <Y  25%(ORRINIFF 25%), A3 @(0XASPIRANE), <2 FEZF=Z(0ZOFLEIR), ZEEFH=
(PAMPLEFLEIR) (5S4 %), = 9 ZAHPEOMOSA), ] 354F2-(PHENOXANOL) (5-=4%), 3 ZYoF(PICONIA), ZgAlo]
£ ¥ B(PRECYCLEMONE B), =#d o}A€l o] E(PRENYL ACETATE), 2] AWHE(PRISMANTOL), #Ajt} u}t](RESEDA
BODY), =EAMH(ROSALVA), EAMFEZ(ROSAMUSK), AFA]&(SANJINOL), AFEF2] Z(SANTALIFF) (3%7), AlWe
(SYVERTAL), ©]¥]u]<(TERPINEOL), B]®L# 20(TERPINOLENE 20), El¥1-&@l 90 PQ(TERPINOLENE 90 PQ), El¥ &
@ @ E (TERPINOLENE RECT.), E|®< o}AlEH o] E(TERPINYL ACETATE), E|®Q olAlHo]E A A(TERPINYL
ACETATE JAX), ElEg}sbo]==(TETRAHYDRO), 72 (MUGUOL)(5=43%), ©®HlEZsto]== ulo]4l-&(TETRAHYDRO
MYRCENOL), ElEz}= & (TETRAMERAN),  © 8] = (TIMBERSILK) (%), En8FFFZ(TOBACAROL), EgREI~
(TRIMOFIX) (T&73%) 0 17, EZZZ(TRIPLAL) (T5743%), EUAH(TRISAMBER) (54%), vhx=x
(VANORIS), W &52=(VERDOX) (%), W&52222(VERDOX) (“F¥%™) HC, WEHY22(VERTENEX) (554 %), HHW~
(VERTENEX) (5-5733%) HC, HEY 2 (VERTOFIX) (554 %) FF(COER), M E2|Z(VERTOLIFF), WE& X olo]Ai
(VERTOLIFF 1S0), W] (VIOLIFF), ®]¥T](VIVALDIE), Ali2]=(ZENOLIDE), §<&FE <ltje} 75 PCT &4
S (ABS INDIA 75 PCT MIGLYOL), 9&FE ®23 50 PCT DPG(ABS MOROCCO 50 PCT TEC), WUEFE ZdA X
(ABSOLUTE FRENCH), §&FE <1tjo}(ABSOLUTE INDIA), §145E MD 50 PCT BB(ABSOLUTE MD 50 PCT BB), i<
FE R 23 (ABSOLUTE MOROCCO), A Ed o]E PG(CONCENTRATE PG), ®=3 20 PCT(TINCTURE 20 PCT), <¢F¥ 1
@] 2~ (AMBERGRIS), S}HE|E H<FE(AMBRETTE ABSOLUTE), <YHEE A= ¢ Y (AMBRETTE SEED OIL), o}&o]x
2« 70 PCT & (ARMOISE OIL 70 PCT THUYONE), W}d §1&FE o= W E(BASIL ABSOLUTE GRAND VERT), w}
A 3= HE Y&EFE MD(BASIL GRAND VERT ABS MD), uld o Z1gt= WE(BASIL OIL GRAND VERT), w}&
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29 vHo| H(BASIL OIL VERVEINA), ®Fd << wEwH(BASIL OIL VIEINAM), Hlo] 29 ©Ezla]~(BAY OIL
TERPENELESS), Z# §&FE N G(BEESWAX ABS N G), H# &FE(BEESWAX ABSOLUTE), ®WlZQl #A|:o]= Al
SH(BENZOIN RESINOID SIAM), wlz9l #x|:=o]= AJl¢} 50 PCT DPG(BENZOIN RESINOID SIAM 50 PCT DPG), =9l
YA mol= A9k 50 PCT PG(BENZOIN RESINOID SIAM 50 PCT PG), #lz<l #Aw=o]= A]¢t 70.5 PCT TEC(BENZOIN
RESINOID SIAM 70.5 PCT TEC), E¥AHUE w= &ZE 65 PCT PG(BLACKCURRANTT BUD ABS 65 PCT PG),
AHE HE Y&EFE M 37 PCT TEC(BLACKCURRANT BUD ABS MD 37 PCT TEC), EHAHUE w= J&EFE Ulifﬂ
S (BLACKCURRANT BUD ABS MIGLYOL), EHAHE HE P&EFE HHH(BLACKCURRANT BUD ABSOLUTE BURGUNDY),
Hol~ d &2 9<(BOIS DE ROSE 0IL), H.g i< E(BRAN ABSOLUTE), B.&F %] :=o]=(BRAN RESINOID), E.
2 J&FE o= (BROOM ABSOLUTE ITALY), 7}ob® sfeldel €02 ¢~ E21E(CARDAMOM GUATEMALA CO2
EXTRACT), 7hch o e @e}(CARDAMOM OIL GUATEMALA), 7}ch& @1 <ltjol(CARDAMOM OIL INDIA), W% &)
E(CARROT HEART), 7HA] 9<&FE o FE(CASSIE ABSOLUTE EGYPT), 7FA] $4<&FE MD 50 PCT IPM(CASSIE
ABSOLUTE MD 50 PCT IPM), 7}~E#H-& U&FE 90 PCT TEC(CASTOREUM ABS 90 PCT TEC), 7tAEdHS JAEFE
C 50 PCT w|Z2]&(CASTOREUM ABS C 50 PCT MIGLYOL), 7+=Ed$ 914 E(CASTOREUM ABSOLUTE), 7F~E#-&
) A] 1= o] = (CASTOREUM RESINOID) Ft2~Ed9S X xo]= 50 PCT DPG(CASTOREUM RESINOID 50 PCT DPG), ME=
A== (CEDROL CEDRENE), A=F2 o}E5eEl7l ¢ #t]2~E(CEDRUS ATLANTICA OIL REDIST), ZA=wid ©¢
Z7H(CHAMOMILE OIL ROMAN), 7H&Evw}l @< ¢} =(CHAMOMILE OIL WILD), 71%rid o 9d= 29 =
(CHAMOMILE OIL WILD LOW LIMONENE), Alub& w3 @ AU ZH(CINNAMON BARK OIL CEYLAN), Al=®] &%
(CISTE ABSOLUTE), A1=®Hl H&FE A#| g~ (CISTE ABSOLUTE COLORLESS), A|E&4el ¢ ofr]o} ofo]ed

2] (CITRONELLA OIL ASIA IRON FREE), A]®l 4<&FE 75 PCT PG(CIVET ABS 75 PCT PG), A1l <& E(CIVET
ABSOLUTE), Al®l ®)=13 10 PCT(CIVET TINCTURE 10 PCT), E&}g] Alo]x] 1&FE Ll %] o] Z(CLARY SAGE ABS
FRENCH DECOL), Zate] AlA] 4&FE AR (CLARY SAGE ABSOLUTE FRENCH), Zate] Alo]A] A|'#l2 50 PCT
PG(CLARY SAGE C'LESS 50 PCT PG), E&te] Aeolx U Z@X(CLARY SAGE OIL FRENCH), =yjo]n} whil
(COPAIBA BALSAM), =i}olu} whal Q@1 (COPAIBA BALSAM OIL), &#]¢tt] A= < < (CORIANDER SEED OIL), A}o]
|2 @ A(CYPRESS OIL), AlelZ#l~ @9 ¢ 7bY(CYPRESS OIL ORGANIC), thuli} © 2 (DAVANA OIL), Zmli
(GALBANOL), Zulyl 14T E Aw|e] 2 (GALBANUM ABSOLUTE COLORLESS), ZHuld 9 & (GALBANUM OIL), Zwhd @
A] 1= 0] = (GALBANUM RESINOID), Zwbyd # X x=o]= 50 PCT DPG(GALBANUM RESINOID 50 PCT DPG), Zulyl #A| =
o]= & &% BHT(GALBANUM RESINOID HERCOLYN BHT), Zvpd @|#]:=¢]= TEC BHT(GALBANUM RESINOID TEC BHT),
AEQE YLEFE MD 20 PCT BB(GENTIANE ABSOLUTE MD 20 PCT BB), #E]SH &= 8] E(GENTIANE CONCRETE), Azt
B PEFE oI E MD(GERANIUM ABS EGYPT MD), #letw U&EFE o] FJE(GERANIUM ABSOLUTE EGYPT), #l2b&

=

ltl lm ET

$ 9 x}o]L}(GERANIUM OIL CHINA), AlgbHs < o] # E(GERANIUM OIL EGYPT), A7 £ 624(GINGER OIL 624),
AA 29 @E ol £&FE(GINGER OIL RECTIFIED SOLUBLE), ¥}o]oW&: &}E(GUAIACWOOD HEART), 3lo] 44F

E MD 50 PCT BB(HAY ABS MD 50 PCT BB), 3llo] &FE(HAY ABSOLUTE), 3lo] §&FE MD 50 PCT TEC(HAY
ABSOLUTE MD 50 PCT TEC), ¥®-$-=(HEALINGWOOD), &l £ 27} (HYSSOP OIL ORGANIC), o|E =¥ J&EFE
f3L MD 50 PCT TECCIMMORTELLE ABS YUGO MD 50 PCT TEC), ¢J=&l# <34 FE 23| (IMMORTELLE ABSOLUTE
SPAIN), =elz W<&EFE 9 u(IMMORTELLE ABSOLUTE YUGO), Ar=wl i&FE <ltjo} MD(JASMIN ABS INDIA
D), A27 WEFE o] FE(JASMIN ABSOLUTE EGYPT), AtAwl 4&FE <lt]ob(JASMIN ABSOLUTE INDIA), =}~
9l YEFE EEF(JASMIN ABSOLUTE MOROCCO), Akl 1&SFE AdH(JASMIN ABSOLUTE SAMBAC), &#d &
SE MD 20 PCT BB(JONQUILLE ABS MD 20 PCT BB), &=¥z &EFE ZH 2 (JONQUILLE ABSOLUTE France), 4
o w2l % FLG(JUNIPER BERRY OIL FLG), 43 wlg] o =¥ sto]= &FE(JINIPER BERRY OIL RECTIFIED
SOLUBLE), #}Hrths #lxx=o]= 50 PCT TEC(LABDANUM RESINOID 50 PCT TEC), #}H.ths #l%]x=o]= BB(LABDANUM
RESINOID BB), #tEths @l x=o]= MD(LABDANUM RESINOID MD), #}E.ths #A|:=o]= MD 50 PCT BB(LABDANUM
RESINOID MD 50 PCT BB), #}uwbel 914FE H(LAVANDIN ABSOLUTE H), #¥+d s94FE MD(LAVANDIN ABSOLUTE
MD), e o olB gk 97} (LAVANDIN OIL ABRIAL ORGANIC), #}wlel @< =124 <7} (LAVANDIN OIL
GROSSO ORGANIC), @yt © o 4= (LAVANDIN OIL SUPER), #}¥it] <§<FE H(LAVENDER ABSOLUTE H), a}ﬂﬂtﬂ
N<FE MD(LAVENDER ABSOLUTE MD), #hdlt] @ Fwlgl L] (LAVENDER OIL COUMARIN FREE), #hilt] @<
ul Zg] 97} (LAVENDER OIL COUMARIN FREE ORGANIC), vyl oo wd#H 97k (LAVENDER OIL
MAILLETTE ORGANIC), bty © ¢ MT(LAVENDER OIL MT), who]l2 i< E BB(MACE ABSOLUTE BB), H#HZ o
29 g A= (MAGNOLIA FLOWER OIL LOW METHYL EUGENOL), %% < I (MAGNOLIA FLOWER OIL), &#% <
MD(MAGNOLIA FLOWER OIL MD), %% <) < <J(MAGNOLIA LEAF OIL), =+t © <l MD(MANDARIN OIL MD), whthad &
2 MD BHT(MANDARIN OIL MD BHT), wlo]E <§<&FE BB(MATE ABSOLUTE BB), X~ E] 9<4FE MD TEX IFRA
43(MOSS TREE ABSOLUTE MD TEX IFRA 43), ®2-9 3 < E MD TEC IFRA 43(MOSS-OAK ABS MD TEC IFRA 43),
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H2-03F JEFE o]xel 43(MOSS-0AK ABSOLUTE IFRA 43), ®A-Eg QU&EFE MD IPM o]} 43(MOSS-TREE
ABSOLUTE MD IPM IFRA 43), ™ & #x]x=c]= BB(MYRRH RESINOID BB), W|Z # X xo]= MD(MYRRH RESINOID MD),
2 A =o]= TEC(MYRRH RESINOID TEC), W=l 9 o}o]dd Zz](MYRTLE OIL IRON FREE), W= o ¥
x| #E]x}o] = (MYRTLE OIL TUNISIA RECTIFIED), UE2A|2 Si&ZE MD 20 PCT BB(NARCISSE ABS MD 20 PCT
BB), U422 W&EFE ZA X (NARCISSE ABSOLUTE FRENCH), wlZ# 29 H YA (NEROLI OIL TUNISIA), FE)
2 2 E{FIE2=(NUTMEG OIL TERPENELESS), <22l <§&FE(OEILLET ABSOLUTE), S&uly A :wol=
(OLIBANUM RESINOID), 2@l #A|x=c]= BB(OLIBANUM RESINOID BB), <@uhs #Ax=c]= DPG(OLIBANUM
RESINOID DPG), €&]Hls #lxxwo]l= A ~Eg}t 50 PCT DPG(OLIBANUM RESINOID EXTRA 50 PCT DPG), <&@uls
2o = MD(OLIBANUM RESINOID MD), <&]Hbs #@l%|=o]= MD 50 PCT DPG(OLIBANUM RESINOID MD 50 PCT DPG),
SgHks g% x=o]= TEC(OLIBANUM RESINOID TEC), S ¥3¥u+~ #x|:=o]= TEC(OPOPONAX RESINOID TEC), <.#l
A WAYE= 22 MD BHT(ORANGE BIGARADE OIL MD BHT), 2#@#] WA= << MD SCFC(ORANGE BIGARADE OIL
MD SCFC), ¢ @A Zety] 4T E F U (ORANGE FLOWER ABSOLUTE TUNISIA), S.#x] Zety ¥ H&EFE F
L A (ORANGE FLOWER WATER ABSOLUTE TUNISIA), @.@=] ] <5 E(ORANGE LEAF ABSOLUTE), <.##] #Z <
%42 E U X (ORANGE LEAF WATER ABSOLUTE TUNISIA), Q@2 1&FE o]@l2](0RRIS ABSOLUTE ITALY), Q=
Z32E 15 PCT ©]2(0RRIS CONCRETE 15 PCT IRONE), 222 ZA#E 8 PCT ©|&(0RRIS CONCRETE 8 PCT
IRONE), 282 W59 15 PCT ©]& 4095C(ORRIS NATURAL 15 PCT IRONE 4095C), @]~ W39 8 PCT ©o|&
2942C(ORRIS NATURAL 8 PCT IRONE 2942C), 222 #Xx0]=(0RRIS RESINOID), QAul5 2~ WEEE
(OSMANTHUS ABSOLUTE), Q.2=mbe> &2 E MD 50 PCT BB(OSMANTHUS ABSOLUTE MD 50 PCT BB), =@ tE A

3% (PATCHOULI HEART N'3)(AEH), &8 2 <% AJoh(PATCHOULI OIL INDONESIA), #&e] 29l QlwuA]
o} o}o]el g (PATCHOULI OIL INDONESIA IRON FREE), &2 < <li=dlo]A} MD(PATCHOULI OIL INDONESIA
W), ¥&EE &Y YYAE(PATCHOULI OIL REDIST), #YZ<% 3FE(PENNYROYAL HEART), HHATE Q&EFE
MD(PEPPERMINT ABSOLUTE MD), H[EJE1&|] HIAH= Y F X (PETITGRAIN BIGARADE OIL TUNISIA), HEE
gl AJE2Yo] @ A(PETITGRAIN CITRONNIER OIL), #HEIEZ# 9l @Y wlgl+tolo] & ] 2~ (PETITGRAIN OIL
PARAGUAY TERPENELESS), @lEJEzz@Ql @< El#llg]2~ A<= (PETITGRAIN OIL TERPENELESS STAB), W& Hlg] <
o] (PIMENTO BERRY OIL), ¥ ¥E g ¢ < (PIMENTO LEAF OIL), ®t]% EX Al#bs xFo]vH(RHODINOL EX GERANIUM
CHINA), 2= Q&FE E7lgor 29 W FA=(ROSE ABS BULGARIAN LOW METHYL EUGENOL), 2= Q&R E
nexa 29 v SA=(ROSE ABS MOROCCO LOW METHYL EUGENOL), == 9U&EZE ®7|4 2% A4 A=
(ROSE ABS TURKISH LOW METHYL EUGENOL), 2= <U<&FE(ROSE ABSOLUTE), == U&EFE E71E]2H(ROSE
ABSOLUTE BULGARIAN), == & FE thmuba|Lb(ROSE ABSOLUTE DAMASCENA), == $#&FE MD(ROSE ABSOLUTE
WD), 2= Y&FE B2 F(ROSE ABSOLUTE MOROCCO), == H&FE E7]4)(ROSE ABSOLUTE TURKISH), == &
o &7FEH(ROSE OIL BULGARIAN), == 29 vupdu =9 wY A= (ROSE OIL DAMASCENA LOW METHYL
EUGENOL), 22 99 ¥ 714 (ROSE OIL TURKISH), Z=wiz] @< s ¢ 7FY (ROSEMARY OIL CAMPHOR ORGANIC),
2zuty] 29U FUX|(ROSEMARY OIL TUNISIA), ®Hwhf QIT]o}(SANDALWOOD OIL INDIA), @ighfr <ltjo} =g T}o]
© (SANDALWOOD OIL INDIA RECTIFIED), AFE-2(SANTALOL), #ui2 @ © Q(SCHINUS MOLLE OIL), AMIQIE & H
Y= €32 10 PCT(ST JOHN BREAD TINCTURE 10 PCT), ZE]g~ A xo] =(STYRAX RESINOID), €]zt~ #HX|
- 0] =(STYRAX RESINOID), E}AIHEl U (TAGETE OIL), E] Ee] 3}E(TEA TREE HEART), &7} ¥l §&FE 50 PCT
%Wl > (TONKA BEAN ABS 50 PCT SOLVENTS), &7} Wl $§&SE(TONKA BEAN ABSOLUTE), FH.EZZ= H&EFE Qlto}
(TUBEROSE ABSOLUTE INDIA), ®WIE]® s}E o ~EZ}(VETIVER HEART EXTRA), ®WIEI¥ < s}o]E](VETIVER OIL
HAITI), W€l < 3}o]E] MD(VETIVER OIL HAITI MD), WE]® << =FHF(VETIVER OIL JAVA), ®lEI® U =}
B} MD(VETIVER OIL JAVA MD), Hlol&2l 2] ¢1&FE o] E(VIOLET LEAF ABSOLUTE EGYPT), Hlo]2#l 2] <}
£2E o|xE ©Z(VIOLET LEAF ABSOLUTE EGYPT DECOL), wH}o]<-2l ] <H&EFE  ZUAX(VIOLET LEAF
ABSOLUTE FRENCH), ®lo]&-2l 23 <442 E(VIOLET LEAF ABSOLUTE) MD 50 PCT BB, ¥$= oo giulzgx
(WORMWOOD OIL TERPENELESS), 9= o»Ez} © < (YLANG EXTRA OIL), 9= III QL Q(YLANG III OIL) @ o]=¢]
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Fl=d, o]z, FE|9l 2 olxEldE oM} E FFE(astaxanthin Annatto extract), BF AHESFF(A1ES
T Pr‘?:_} ZFE}®-El (Canthaxanthin), 7hebd, B-olZ-8'-7}2®H|Y, FX|d FZE(Cochineal extract), 7}41,

2% T8 F2234, o B2 =2X xgld 534 7} (Toasted partially defatted cooked cottonseed
flour), 524194, FE A (Ferrous lactate), ¥X=A FEFE(Grape color extract), EX=33d] FEFE
(Grape skin extract)(ol=Alo}Yu(enocianina)), B &4, W=7}, sxylgl Hedzl, 24 I53
g otz FRIEW, AFZ&(Saffron), o|A3EIEHT, EvlE #golmdl FE8; EvE Holmd %8, 32
(Turmeric), 73 2w, F&C EF #1135, FD&C EF A23, FD&C 1 A3, @A B, 7= #= A2
%, FD&C A= AI3%., FD&C #@l= A40%5., FD&C A= A5S, FD&C d= A6%, SFv Az FAstSFrl3),

=

s, 25 UYER 78 SEEIM(EEZE2LA-FY ZFE), tolslo|EFAolME, HAFE SAEE o]
=, 98 dRgHEAfololels ) HZAbo|bstE, AkstaE W, AkslaE a4, ‘rlo}b], o] 2 elo| E
(Pyrophyllite), 23, &EF %, F%(Bronze powder), T2 &%, Atslold, D&C &5 Al4%, D&C 19
A5%, D& ¥ A65, D&C ¥ A8E, D&C L #AA| A4%, D& LAA A|55, D&C 9_?1_]}] A10%, D&C 2.9
A A1, D&C HE= Ad4E, D& = A6E, D&C #AE A7%, &C A= #1175, D& H= A21s, D&C =
A22%, D& H= A27E, D&C HA= A28%, D& dl= A130%, D& U= A31%, D& d= A|33%, D& H=

A|34%, D&C H= A36E, D& = #1395, D&C wlol&2 A2%, D&C =2 A|7%, Ext. D& A= A7=%, D&C
A= #A8%, D& A= A10%, D&C A= A11Z, D& £ #2355, D&C & A|3(3)%, D&C Bl #|1%, Ext.
D&C, AF-FALE-LFrF istE, ANEZAE Ry, =248, 2155 55 (Logwood extract), 1,4-H]
2[(2-3fo| = A - &) o} k= ]-9, 10-QFE gh Al tho] & H]i(Z—iEﬂLLﬁ‘)OﬂiEi A, 1,4-912[(2-WE
d)olu| =]-9,10-¢tERAtte] 2, 1,4-8]| 2= [4-C-Hel 2 A ) Al dolr = [t ES T = FFFA, 7atE v
oled, FREAU-T FE, AF-IALE-LFVF A3k, C.I1. ME 24 1(C.I. Vat Orange 1), 2-

[[2,5-tfololl EAl-4-[ (4-wlEH D) E] &3 ]o}x]-1,3,5- MM Ego] &, 16,23-t}oldlol =R r}o| Y E[2 3-
a:2' 3'-i]JUZE[2',3':6,7]AZR[2,3-c]7}=-5,10,15,17,22,24-80& N,N'-(9,10-t}o]5fo] = 2-9,10-T}o]
& 2-1,5-QFE gHAltho] Y Y H] 2wl Zojulo] = | 7,16-tho] ZF 2 2-6,15-T}o|G}o] =2-5 9 14, 18- ETFAHE R

16, 17-tholH| EA thol Y2 E(1,2,3-cd:3",2", 1" -lm) HH A -5, 10-T}o] &, Zg|(slo]=ZA|od wela P ol E)-
WA oAl 78, wheA A7 15, WA BEF 195,

AE FFRAEG), WA BY 5, WA BE 21,
v B2 #4355, C.1. ¥eA g= 11, C.I. v3A A= 86, C.I1. w34 EF 163, C.I. 934 =

SA B
180, 4-[(2,4-tfolH € d)o}lx]-2,4-t}0]slo] =2 -5-1| & -2-7 d-3l-3] &} H-3-2(EHME d2 18), 6-o5A]-
2-(6- A -3-2 2w Z([b]E A-2(3H)-L & d) M % [b]E] L A-3(2H) -, &R A}olopd I, H|d L4xE/vg
vEladdgolE-d8 vkg AXE, C.I. ¥v-5A4 aﬂt 180, C.I. Wk <

d =22 5, C.1. ¥4 29 78, C.1.
e d2 15, C.1. ¥4 &5 21, YolaF 1-oM%-4-[[4-[(2-BE2E-1-Z4dH) ol ]-2-H X U E ¥
ot =]-9,10-t}o] sFo] = 2-9,10-t} OPEB}ﬂ—Z—@iLﬂcﬂE(H <A EF 69), &€ EF AT, [T

ApoloPUE(2)] T2l % ol sel é?}]%% Egan.
AN
FEE AU BES olgHA 74 84 o3k g9 FoA HPLCA o8 AAsT
23}

A7 32 Q1x], o] 64 AAZ AU AME t]4] d=(dished head) S5 (A 2 s}§)o] Z2e A& =937}
TS 16" Eo 5 &3 Edol=r FEE o] 9l =

o =
S dolx ANE B 4B FEAYCEA AFHUL.

Bl 200Kge] &, 80Kge] Hiolevis B 18Kge] Duet(3E™) A=kl ais FYshlH. HPOV’Uﬂ*b 3l
W gy o] 40 WA 10 W4l 2712 AAEE S5 Sk o] vlolenmjae AR Wew 35 Made] F A
Foz AT, E£3E9] pHe Ca(OH).& ©]&3liA 4.8914 @& Fa Aoz AR FAHIUT

-
53CE 7F&3tar, 180 rpm(460Vell A 1.84#|of)oll Al ¢F 24A7F Bt wyk & T3lrt 59 Zo

o] B ARREG o) W] ATV OT HASE I, LNE 4T A 88 FhEo](carboy)ol A&t

HrolemAe FEIX 9 AYE2X AEYS YA

F3E B2 oF 400mE 10 FHEE2E vpoloZ 2 115 vlo] 28] NEf(New Brunswick BioFlow 115 Bioreactor)
Wz wel 9. o] 228 SN AF Ad 30CE 7FEeint. wwke 50 rpmol A AAE AT}, pHE
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e madoz AAL 4 9

A EEE g9 22"l AVIFEAE AAsgle. 207 whe] ASEE VtRAEE A%

9

ICP)2 7FeAElE SalA o3 Azt

2 dpol EHAAY. BEE Be T LAL olo]n WELw 19
L SaAas. el Bk 8 ‘ o A3

F/§4) AT At §A2 BANRY. waE olatel o8] AA
A% F 5HAA RS AASAL. §AL ooy woleiw 1o Udo §4

X op
12
tlo
(@1
N
ol

o = 32 Ig4E 2EY Fo AR f At g Zelt. Ay
7830 uS/cmolA 9 pS/emlE FFAHEYI, 5= 25T A 33CTE Z71ERoe,
002 ZHAET.

e el AR wAT. fa BHE oF Fe i4F

* 1

BE F Aa BA

44 43 1 PP | 23 2 (PP Ht = (PP
P 200,487 207.757 204.1
K 2575 .76 2544 .59 2560, 2
Mg 659.075 646.172 652.6
Na 117,657 122,913 120.3
Ca 960,487 957.068 958.8
8 104,053 100,836 102.4

x 2
HerE A & 4 B4

e A8 1 (PP A8 2 (PP W == (PP
P 19,8376 17.6737 18.8
K 926,542 1020,84 973.7
Mg 228 527 249,227 238.9
Na 53.6198 51.8139 b2.7
Ca 175,527 192,593 184 .1
3 29, 342 24 . 3865 =1
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* 3

AANEN Aol F Qb BH.

fx [ as 1 e | 252 @) [ 283 @ [ A7 == @) |
M 0.330925 0.291988 0.276951 0.3
Al 0.563302 0.52201 0.57087 0.6
Zn 0.577498 0.608856 0.610446 0.6
Si 5.65798 5.63068 5.77249 5.7
Fe 0.601713 0.564221 0.548226 0.6
P 2.9462 1.98296 2.30069 2.4
K 2.85505 1.99511 0.614186 1.8
Mg 0.606541 0.548299 0.564928 0.6
Na 1.00027 0.82686 1.00563 0.9
Ca 1.78250 0.894467 2.54184 1.7
S 7.65224 7.32835 7.04753 7.3

HE F UheAEE SAAM, AdEs s ZRr] &l glol oF 30 g/ ¢ oM dASHAl FAH AT

HlolewlAE FEHZHA B A(Lactobacillus rhamnosus)E ©]-&3A L-FEA & dzxr ~EZHS A
A3kt

o] &M Azw Tt wpolemjirt L-HEA/AdRA RERS A

g Ay s f71A9 et e g (Lactobacillus rhamnosus) NRRL B-445+=
5B MRS ®iA](BD vho]o}ii-¥] A]A~ElZ=(BD Diagnostic Systems) ¥&: 288130) 25
me ol A "é o”*] th. o] kS X QliHloly FHelA 37T, 150 WA 200 rpmell A =4 Q1w o] | s}

, 7HE WE, nwk 9y pH RUEE Zad 9 2E RUEHY ¢

g ulolowl, 22g9 AR FEE, 1.6m¢ 2¥A] AFE-0010S o] &
deta UA, 37C2 Az o] wix|e] pliE 12.5N NaOH & %ooﬂ
6 = o]l 1%(110me) 2] SERpAH A s (Lactobacillus rhamnosus) @ 7
Art, WaE 37CAAA FAyHE A, NS 200 rpmollA] Wkt pHE 6.5 o] AlA A s gt 23

E 48AI7 el S 2NFET. RS UYEF QdorM L-FEett, o F3}l Fok 44" Y=
2R E A gkgkon; o] AL o] whA Bt BAxow M3y A g}

]_
].

¢

slolemiAaE: SEnAH A FHUFU A (Lactobacillus_coryniformis)E o] &3A D-FEA 2 AU XA AE

L A 3

ol A9 vl e fAR WS

S o] &M Azxw F3E vlo]Quav) L-HEA AR AEHS A
A7) A & FHPoRA o] §FH AL

SFI2E D-FEASZ #HaAyle fUIA] gERAY~ ZRYXEds okE EWX(Lactobacillus
coryniformis subspecies torquens) B-43902 25009 W& YN o2HE MRS HIX|(BD t}olo}il-E Al
W= ws: 288130) 26me FolAl AFAIZTE. o] miFAE wyk glo] 37TelA shERE Aol B3kt

ARl WA HiR = 644mee] F3tE wlo]loulA 5 g/ 0 Y EYE F 100u09] AXEA AFE-0010S o] &3}3iT).
o] HiAli= 70C7HAl 1A1ZY Fot 71g3tar yA, 37CE WA H Y. plHis 12.5N NaOll §9S o] &3lA 6.52 &
g3, 2 F T3 7] §9S ol FAAIZT. 7] wiA = ool 1%9] B-4390°.2 HEFE i, WhaA+
37CAA == kA, WiAE 200 rpmol| A wHFSEAL pHi= oF 6.5004] FAIEHQITE. RIS AWl 14443
of AHUT. AAPAES UEF HJo=2ZA] D-FEAtott. o] @3 < AdE AURAE AH[EHA
Bkom; oA o] ©hA F EAA O A A ¥kt
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[0259]

[0260]

[0261]

[0262]
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o EAEA g @ AR shb Ei vsh} o 32 EFIFET omr,

AAMoR Fe nRdozn, ¥ PAMd Fuz AYHty B elo 53, ¥n 5o /g A4 2
wel 748 Azl A, A ]

AX AYR, s gol 1Yw BaW JrE, B

B oryge a9 mgAg ANFHE Fxstel 585 EAHD AEHAA, FYtE, Jo 2 gl 2
% st A¥E SsRTAslel osl geE B owye) MemrE ol o glol 1 grelA ool
F grks 2 @ Aol

(2]

Electrodialysis Cell Unit

PCCell ED 64 0 02

Technical Data

PCCell GmbH
Lebacher Str. 60
66822 Heusweiler

Germany

Phone: ++49 - 6806 - 603732
c € Fac: ++49 - 6806 - 603731

E-mail: pecell@electrodialysis.de

www.peccell.de

Version: Jan 06
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Table of Contents
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5. Application Examples......c.coveiiianis

6. Maintenance and Replacement. ....uerveeiieiiisriariinirinrannnessesiasennansasssnasns "
T APPH A ON ArEaS: s s s s s s s SRR s e e s T Eas A G TR 12
8. General Remarks / Safety....cauiniainssimsinsasissicissassin sivsavias vasisi ssie 13
I e T e et 13
10. Further Information / Contact AdAress.......cccieerasninniiesiiesnesiissransnennans 14
1. General

The electrodialysis cell unit PCCell ED 64 is used in laboratory electrodialysis
processes to remove ions from one solution (diluate). The ions are collected in
another solution (concentrate). The electrodialysis unit PCCell ED 64-2 allows to
carry out different types of experiments for a variety of applications, to examine
the characteristics of ion exchange membranes in use. It is concepted as an easy-

to-manage laboratory cell.
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f@ =

2. Function

The electrodialysis unit PCCell ED64-2 consists of an anode chamber, a cathode
chamber and a membrane stack between them. With this constitution, a variety of

experiments, like desalination, can be processed.

e TUITLIL]I] b

Concentrate
Fig. 1: Functional setup of an ED stack. Salts are removed in cells called "Diluate”

and are collected in the Concentrate. Beside this, the electrodes need a
solution, the Catholyte and the Anolyte.

To run a standard ED, the membrane stack consists of n (typically 5, 10, 50 or even
100) cell pairs, which are formed by n+1 cation exchange membranes, n anion
exchange membranes and 2 n spacers.

At the shown polarity (Fig. 1), one of the cell systems is the diluate and the other
one is the concentrate. If the polarity is changed, the function of the cell system

changes accordingly.

_44_
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1 a _a _-j’ ) Gron |

A complete ED System is set up by this ED Cell in combination with an ED pump
unit, e.g. PCCell B-ED 1 and the external solvent tanks build (Fig. 2).

" Peceneosanor

] e

)

Fig. 2: A complete ED setup: it consists of the stack (upper dotted rectangle),the

ED pump unit (middle) and the external electrolyte containers (below).

Please remark in this context, that the ED cell is only one part of the complete

system and will work properly only in combination with the other parts.

[0265]
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3. Cell and Parts

The PCCell ED 64 consists of several parts. They are described as follows:

Fig. 3: PCCell ED 64 setup and functional parts

# Description Art No.
12 Electrode end plates
3,4, 5 Membrane stack
4 Screw set
5
[0266]
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Fig. 5: PCCell ED 64 0 02 Membrane size. Size given is in mm. Dotted square area in

the middle of the membrane is the active membrane area of the cell.
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4. Technical Data

Stack
Membrane size 110 x 110 mm
Active membrane area 64 cm’
Membrane spacing electrode - membrane: ca. 1 mm

over cells: 0,5 mm
Number of membranes  Maximum 25 cell pairs
Current Connectors 4 mm banana plugs
Processing length 80 mm

Medium Contacting Materials End plate materials

Cellframe polypropylene
Tubes polyethylene
Electrodes Titane, Pt/Ir coating

Sp acer options

)
[ =4
QL
>
o
£
et
]
=
(=]
(=8
- u
| =
2 2 2
7 i) =
o > w v
] 5 g T
3 a. o (<
B. ~ ~ .
2 g & 2 @
o <]
v £ £ 2 38 8 £ 38
g 0 > B 2 B & @
End spacer 1 : 1 1 3| 1
Spacer ED 64 0 04 1 1 1 1
Spacer ED 64 0 02 1 1 1 1
1 available
8

[0268]
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Dimensions and Weight (ca)

e

width 165 mm
depth 150 mm
height 190 mm
weight 2.5 kg

Electrical Connecting data

ED 64
Type only connect the cell with a galvanically DANGER!
isolated DC current circuit.
Max Amp. 5 (depend on application, temperature
etc.)

Max. Voltage Max. 2 V / cell pair

Hydraulical Connecting data

ED 64

Type
Flow through electrode circuits:

Nominal flow through concentrate
and diluat per single cell

Max. pressure

pressure drop over cell

connectors for 8 mm id tubes
nominal150 1 / h

4-8L/h

(10 cell pairs result in 40-80 L / h Flux
through concentrate or diluate)
transmembrane pressure has to be kept
zero:

Never pump only one of the diluate /
concentrate circuits alone!

Max. 0,5 bar

_49_
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5. Application Examples

The PCCell ED 64 is intended to be driven in a batch process. Process length and
nominal flowthrough are given above.

Figure 7 shows an example of a batch desalination (conductivity of diluate against
time). The effect of a single pass desalination at the start and stop time result in a
conductivity jump. It depends on the current, flowing and other factors. The plot

shows, that it is - more ore less - proportional to the current.

70 68 mS cm --> 64 mS em.
| =—— " poweron conductivity drop

-~ 2 T {single pass salt removal)
g ® S, \ ED247d (LF DIl) |
E
(7] N
E 40 i
z ™,
%ﬂﬂ \ 0.50 mS om --> 1.0 mS om
3 ., power-off conductivity raise
5 20 last pass salt removal disabled
8 Starting current. 10 A -..( P )

Current at stopping time: 1.8A
\ \
. \
] . ‘ =

T T
00:00 00:20 00:40 01:00 01:20 01:40 02:00

Experimental Time

Fig. 6: A batch desalination of aqueous NaCl, about 14 | / m2.

Figure 6 shows the salt (calculated as NaCl) removal in dependence of the current
at theoretical current efficiency (ce) and at 85% ce. With the PCCell ED 200 you
can expect for sodium chloride ce's in the range between 90 and 95 %. It depends
on current denity, concentration and other factors. The amount is given per cell

pair. A 25 cell pair- unit will make 25 times of this.
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Fig. 7: Transport rate of one ED cell pair in dependence of the Amperage.

6. Application areas

Desalination of salt water
Stabilisation of wine

Whey demineralisation
Pharmaceutical application

Pickling bath recycling
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7. General Remarks / Safety

By running an electrodialysis with this cell unit, concentrated acids and bases,
which are corrosive, may be produced. Adequate protective measures have to be
taken. At the electrodes, explosive gases and aerosol may be produced. Also in this
case, appropriate protection has to be ensured. The cell has to be run in a tank

large enough to collect any liquids passing out of the system.

8. Further Information / Contact Address

For further information, visit our web site www.electrodialysis.info. In case of any

technical questions, please contact

PCCell GmbH

Dr. Patrick Altmeier

Phone: ++49-(0)6806/603730
Fax: ++49-(0)6806/603731
email: pccell@electrodialysis.de

Note:
“The information in this handling instructions is presented in good faith, and all recommendations or suggestions are
made without gt The products are i ded for use by persons having technical skill, at their own discretion

and risk. PCCell is not responsible for any risks or fabilities which may result from the use of it's products.

12
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High Water Recovery with Electrodialysis

Reversal

Authar: Robert P. Allison

Reprinted from Proceedings of 1993 AWWA Mem-
brane Conference, by permission. Baltimore, MD
August, 1993,

Nate: GE Water & Process Technaologies purchased
lonics in 2005.

Introduction

For many membrane desalination users, the need
to achieve maximum water recovery is a prime
priority. For some, source water is limited, allocated
or otherwise regulated. It is now recognized that
withdrawals from many aquifers exceed the re-
charge with resulting drops in water tables, land
subsistence and saltwater intrusicn in coastal
areas. Surface supplies can also be limited, as was
so clearly evident during the recent California
drought. For users who purchase their feedwater,
costs are rising and can represent a substantial
porticn of their total treated water cost.

Concentrate disposal is also getting more expen-
sive and complicated as regulations intended to
preserve the qualty of water supplies and the
environment become more strict. Permits for sur-
face discharge can be difficult to impossible to get.
Discharge to sewers and deepwells can substan-
tially increase costs. *Zero Liquid Discharge” facili-
ties, where all liquid wastes are purified for reuse,
can have very high costs.

Electrodialysis Reversal {EDR} is a desalination
process where salts are passed through the mem-
branes instead of water as in reverse osmosis (RO).
The process is fundamentally different from RO
and has its own distinct capabilities and limitations
on water recovery. The capabilities of the EDR
process are helping many municipal and industrial
users in desalination applications, where high

water recovery is important tor resource conserva-
tion and cost control.

Source of EDR Wastewater

The source water feed to an EDR system is divided
into three streams as shown in Figure 1. The larg-
est flow is the dilute feed which passes through the
stacks once and exits as desalted product. The
second streamn, termed concentrate makeup, is fed
to a concentrate stream being recirculated
through the stacks. At the exit from the stacks
there is an overflow to waste. The concentrate
makeup flow rate controls the average number of
times the concentrate is recirculated, and there-
fore, is the main means of controlling recovery in
an EDR system. The third stream is electrode com-
partment flush water, which on maost systems
is 1% of the dilute flow. Normally this water
is directed to waste after it passes through the
stacks, but it can be used as a portion of the
concentrate makeup water to further improve
water recovery.

Electode Fluth Electrode Waste
. b OO T

Dilute Feed Woter  Cross Product

Tonder ok e ————
i i 4__off:Spot Proguct

Concentrote
Biowdown

Concentrate Recycle

Figure 1: EDR Flow Diagram

Concrentrate Makers

A small amount of the dilute stream water flow is
transferred to the concentrate stream as it passes
through the stack. First, water is transferred
through the membrane with the passage of ions.
This “water transfer” amounts to 0.15% to 0.45% of
the dilute flow per 1000 ppm (mg/Ll of salts
rermoved. Membranes with the best resistance to
internal scale formation tend to have water trans-

Find o contoct near you by visiing wis ge comjwater ond clicking on "Contoct Us”,

*Tradernnrk of General Blectric Camparty, may be registered in one o more courtries

82010, Generol Electric Compony. All rights resenved.
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fer near the higher value. Internal leakage also
oceurs between the dilute stream and the concen-
trate stream which is approximately 0.25% to
0.50% per stage. The concentrate stream is nor-
mally operated about 1 psi lower in pressure than
the dilute stream so that this leakage will be from
the dilute stream to the concentrate stream. Water
transfer and cross leakage do not reduce water
recovery. These flows are calculated as part of the
concentrate makeup flow in the plant design. The
actual controlled concentrate mokeup flow is
reduced proportionately.

The periodic reversal of the DC power polarity
interchanges the solutions in the individual spac-
ers. Spacers carrying the dilute flow in negative
polarity corry concentrate in the positive polarity.
Automatic inlet and outlet diversion valves direct
the dilute and concentrate flows to the correct
spacers for each polarity.

While the concentrate is being flushed out during
reversal, poor quality product is produced. This is
diverted to waoste by o conductivity-controlled
automnatic valve. By timing the operation of the
automatic diversion valves and the DC polarity
reversal of each stack to the flow through the sys-
tem, high conductivity product is produced for only
36 seconds. This phased polarity reversal occurs
every 15 to 30 minutes. The high conductivity or
“off specification” product from the “phased rever-
sal” represents 2% to 4% waste. This waste is high
TDS concentrate and cannot be recycled to the
feed or concentrate makeup

Some Examples

The highest water recovery EDR plant in operation
is the 3.76 mgd (14,233 m*/day) facility operated by
the City of Suffolk, VA. The plant has three stages
and achieves 94% water recovery. Table 1 shows a
flow summary for one of the three EDR units bro-
ken down to show where the waste is generated.
The units have no continuous chemical feeds. A
149 gpm (56 Ipm) concentrate makeup flow is
used to control calcium carbonate scaling poten-
tial in the concentrate. If the units did not
require this controlled concentrate makeup flow,
waste could be reduced to 43.1 gpm giving an
ultimate recovery capability of 95.3%.

Page 2
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Table 1: Suffolk, VA EDR Unit Flow Summary

526 gpm (35 m#/hi Total EDR Feed

B70 gpm (33 m/h) Totol EDR Product

4% Totol\Woter Recovety

Wasta Sourees

17.4gpm {658 lpm) Off-Spec Product

14.9 gpmi (6.4 lpm) Brifne Makeup Flow

93 gpm (35.2 lpm) Brine Makeup (from electrode flush)
12.5 gpm (47,3 lpm) Brine Makeup (from cross leak)

1.5 gpm (57 fpm) Brine Makeup (Trom water Wwansfer)
55.6 gpm (2105 lpm) TotalWaste

A 5 mgd EDR plant located on Grand Canary Island
operates on a 5,000 to 7,000 ppm (mg/ll feedwater
at 85% water recovery. Table 2 shows the unit flow
summary. The controlled concentrate makeup flow
is approximetely 1/2 of the total waste. The ulti-
mate water recovery capability based on flows of
this plant is only 91.8%. The higher TDS increases
water transfer and the additional stages increase
cross leakage.

Table 2: Grand Canary Island EDR Unit Flow Summary

4091 gpm Total EDR Fesd

3477 gpm Total EDR Product

85% TololWater Recovery

‘Waste Sources

TEgpm Off-Spec Product

27.8gpm Brine Makeup Flow

4.1 gpm Brine Makeup [from electrode flush)

1140pm Erine Mokeup [from cross leak)
103 gpm Brine Mokeup {from woter ransfer|
614 gpm TotalWaste

The water recovery of this plant is really limited by
two additional physical factors. The first is a phe-
nomenon called “shorting”. Figure 2 shows how
leakage currents can travel sideways through the
membranes and pass down a concentrate mani-
fold hole. If the concentration is sufficiently con-
ductive, the current passing through the
membrane to the manifold hole can create enough
heat to soften the spacer material and cause it to
deform. This limitation can be overcome by a vari-
ety of means which increase costs. The second
limit is imposed by membrane current efficiency
properties. Figure 3 shows the DC power consump-
tion and membrane current efficiency vs. water
recovery for an EDR unit desalting 2,000 ppm {mg/l)
NaCl solution to 334 ppm (mg/ll. Membrane effi-
ciency is related to the difference in normality be-
tween the dilute and concentrate streams. As
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water recovery is increased, the concentrate nor-
mality increases and current efficiency drops, rais-
ing power consumption.

Electrode
Heavey Spacer
1 Heow Cation Mermbrane
ntermermibrane Spocer
e Anion Membrane

)

Anion Membrane

s Yeiietioe imiliing Gt
Figure 2: EDR Stack Shorting
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Water Recovery %

Conditions 2,000 mg/l NaCl Feed, 334 mg/l product 65Y F

Figure 3 Efficiency and Power Consumption vs. Water
Recovery

Suffolk can achieve 94% water recovery because
the relatively low TDS of the feedwater results in
relatively low normality difference between the
dilute and concentrate streams. The Grand Canary
Island plant has a much greater normality differ-
ence and power consumption rises sharply above
86% water recovery. Anion exchange membranes
are availuble that have better current efficiency
which improves water recovery capability. These
membranes tend to be subject to more internal
scale formation which can make their use undesir-
able on many waters. Cation exchange mem-
branes have been substantially improved since the
Canary Islands plant was built in 1985. Long term
testing at this plant show these new membranes
substantially improve current efficiency and
reduce power consumption. They are now stan-
dard on all new plants.

Concentrate Scaling Limits

The water recovery capability of nearly all EDR
plants is limited by the potential for salts of limited
solubility to precipitate from the concentrate
stream as scale. The polarity reversal of EDR alter-
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nately exposes membrane surfaces and the water
flow paths to concentrate with a tendency to pre-
cipitate scale and desalted water which tends to
dissolve scale. This allows the process to operate
with supersaturated concentrate streams up to
specific limits without chemical additions to pre-
vent scale formation. If chemicals are added to the
concentrate, higher levels of supersaturation can
be achieved.

Calcium Carbonate

The design limit for CaCOs without antiscalants is
an Langelier Saturation Index (LSI) of +1.8. Actual
scale precipitation starts at an LSl near +2.2. This
limit is sufficiently high that few EDR units need any
chemical additions to prevent CaCO3 scaling from
high concentrate LSI. Where chemical addition is
used, acid or carbon dioxide addition to the con-
centrate is employed.

Antiscalants can be used as an alternative to acid
or CO2 addition to the concentrate. A 500,000 gpd
EDR unit was operated for seven weeks at a con-
centrate LS| of +3.0 using a polymer antiscalant.
Another EDR unit was operated for 5,000 hours at
an LS| of +2.7 using sodium hexametaphosphate
antiscalant. This approach has not been adopted in
general for three reasons.
1. Antiscalants must be dosed at the correct
amount. Too little results in scaling and too
much can foul the membranes.

2. Antiscalant dosages are difficult to monitor.
There is no easy way to test the concentrate
for correct dosage. With acid or COz, pH is eas-
ily monitored.

3. The concentrate LS| only needs to be reduced
to + 1.8. The required acid or CO; dosages are
almost always very small. There is no signifi-
cant cost advantage favoring the use of antis-
calants over acid or CQ.

Calcium Sulfate

The design limit for CaSO. saturation without an-
tiscalant addition is an ion product of 2.25 X Ksp.
The real limit where precipitation starts is near 4 %
Ksp. Dell City, Texas has operated a 150,000 gpd
{568 m3day) EDR system since 1975 with the con-
centrate CaSO. ion product at 3.5 x Ksp without
antiscalant addition. The limit cannot be increased
by acid or CO; addition, as pH adjustment does not

Page3
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increase the solubility of CaSO.. The only way to
increase water recovery is to use antiscalants.

In 1981 and 1982, the EDR limits of sustained
operation at high CaS0. saturations with sodium
hexametaphosphate antiscalant addition were
explored under an OWRT contract at Roswell, New
Mexico. The final test in this program was opera-
tion of a 50,000 gpd EDR unit with the concentrate
CaS04 ion product at an average of 12.5 x Ksp for
over 5000 operating hours. Inspection of the
membranes at the conclusion of the test showed
the membranes had only small amounts of scale,
even though antiscalant addition was lost for four
days during the test. Analysis of the membranes at
the conclusion of the test indicated good perform-
ance properties. In fact the membranes were used
in another plant after the Roswell test for about
seven years.

Since the landmark Roswell study, a number of
EDR units have operated ot high CaSQ. saturations
in the concentrate. In 1988 Sarasota County, Flor-
ida installed a mobile 300,000 gpd EDR at its Sor-
rento facility to supplement water produced by an
RO plont operating at 50% water recovery. The wa-
ter recovery of the EDR plant is only 70%, but the
CaS0. ion product of the concentrate is
575 % Ksp. Scale formation is prevented by the
addition of 4.3 ppm (mag/l) of a polyacrylate antis-
calant to the concentrate.

Sarasota County is now constructing a 12 mgd de-
salination facility scheduled to start operation in
1994. Their withdrawals of groundwater are regu-
lated and restricted due to concerns of aquifer
overwithdrawal and quality degradation. The con-
centrate is to be injected into deepwells due to
environmental concern and regulations controlling
surface discharge. They selected EDR for its proven
ability to operate at a high CASO, saturation level,
which translates to an 85% water recovery for this plant.

Barium Sulfate

BaS04 scales started to be encountered in EDR
plants in the 1980s with the growing trend to
higher water recoveries. It has now been encoun-
tered in about ten plants. It precipitates on the
walls of the concentrate recirculation piping and in
the concentrate pump. It adheres strongly to met-
als, but breaks off the PVC piping when the scale is
about 020 inches thick. The flakes then pass to the
EDR stacks. Chemical flushes cannot dissolve the
scale. The stacks must be disassembled for

Poge 4
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removal. The first user to encounter BaSO, scale
has 275,000 gpd {1041 m*/day) units. The problem
occurs intermittently as the quality of their surface
water supply varies, This user simply added strain-
ers to the piping before the stacks to catch the
flakes and has operated this way for over 10 years.

It is now known that the threshold point for BaSO,
precipitation in EDR is an ion product of 100 x Ksp
when no antiscalants are used.

The limit with antiscalant addition is currently
unknown. Several plants are operating at a BaS0O,
ion product of 150 % Ksp and two plants have
reached an ion product of 225 x Ksp with a polymer
antiscalont desage of 2 to 5 mg/l to the concentrate.

Strontium Sulfate

SrS04 scale has not been detected in any EDR
plants. Analyses of concentrate samples from
many plants show the plants with the highest
supersaturations are operating at an ion product
of 4 x Ksp. The projected limit is an ion product
about 8 x Ksp without antiscalants.

Calcium Fluoride

CaF: precipitation has never occurred in an EDR
plant. Plants are operating with ion products
500 x Ksp and much higher levels have been en-
countered in two industrial pilot studies with no
precipitation. There are no projected limits for satu-
ration levels.

Silica

Silica in waters below pH 9.5 is essentially nonionic
and is not removed or concentrated by EDR. Tests
show silica levels are equal in the feed, product
and brine of operating EDR plants. High water

recoveries can be obtained on high silica waters
because silica does not limit EDR recovery.

The 5 mgd plant on Grand Canary Island is o per-
fect example of this capability. The feedwater silica
varies from 50 to 60 ppm (mg/ll, yet the water
recovery is 85%. RO would have a lower operating
cost on this higher TDS water, but recovery would
have to be much lower. The feedwater is pur-
chased ot a cost of over US$1 per thousand gal-
lons {per 3.8 m?). The RO cost advantage is lost with
the much larger volume of waste required to pre-
vent silica scaling.

TP1071EN
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Conclusion

The maoximum water recovery that can be
achieved with EDR desalination for any given
source water depends on a variety of factors. In
most applications the water recovery is limited by
the potential for scales to precipitate from the con-
centrate. EDR has the ability to operate at high
supersaturations of scale-forming salts in the con-
centrate and is unaffected by silica. This translates
to a high water recovery capability. These are the
reasons EDR is meeting the needs of users in many
dpplications where high water recovery is a priority
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Bureau of Reclamation

Managing Water in the West

Electrodialysis (ED) and Electrodialysis
Reversal (EDR)

Electrodialysis (ED) is an electrochemical process in which ions migrate through ion-selective
semipermeable membranes as a result of their attraction to two electrically charged electrodes.
ED is able to remove most charged dissolved ions.

1.0 Applicable Contaminants

ED/EDR 1s an EPA BAT for barium, nitrate and nitrite, selemum, and TDS.

2.0 Description of Technology

Pretreatment Typical operation requires: the addition of a scale inhibitor to prevent scaling and
recuce the concentrate LSI below 2.1 in the concentrate stream, residual chlorine concentration
of 0.5 mg/L to prevent biological growth, and a cartridge filter (10-20 pm) prior to the ED/EDR
system. Air stripping can also be used prior to ED/EDR in order to remove H,S [6]. Also, the
feed water must be within the limitations of an ED/EDR system (see section 2.2).

Technology Description Electrodialysis is a process that depends on the principal that most
dissolved salts are positively or negatively charged and they will migrate to electrodes with an
opposite charge [2]. Selective membranes that are able to allow passage of either anions or
cations make separation possible [2]. ED uses these membranes in an alternating fashion to
create concentrate and product streams.

The anions are able to pass through the anion-selective membrane, but are not able to pass by the
cation-selective membrane, which blocks their path and traps the anions in the brine stream
(Figure 1). Similarly, cations move in the opposite direction through the cation-selective
membrane under a negative charge
and are trapped by the anion-selective
membrane [2]. An ED unitis able to
remove from 50% to 94% of dissolved
solids from a feed water, up to 12,000
mg/L TDS [3.7]. Voltage input, and
process configuration (number of
stacks or stages dictates the viable
percent removal. TDS removal is
generally limited by economics. The
cost of ED inereases as the feed water
TDS increases, The typical operating
conditions are 1,200 mg/L TDS, hlgh Movement of tons in the electrodialvsis process USAID
hardness and high silica [4]. Figure 1. Electrodialysis Process [1].
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A typical ED system includes a membrane stack with a number of cell pairs, each consisting of a
cation transfer membrane, a demineralized flow spacer, an anion transfer membrane, and a
concentrate flow spacer. Compartments for the electrodes are at opposite ends of the stack. The
electrodes are continually flushed to reduce fouling or scaling.

Recyeling the concentrate stream and discharging concentrate to waste, or blowdown, is
common and called feed-and-bleed mode [2]. This is necessary because of the fact that there are
sharp differences in flow rates between the product and brine streams. Diluate flow is about 10
times the flow of the brine stream: this difference in flows creates pressure imbalances. requiring
concentrate recycle [3].

Membranes are usually made out of cation- or anion-exchange resins made into sheet form. ED
spacers are made out of HDPE, and the electrodes are composed of an inert metal. Membrane
selection is based on careful review of raw water characteristics.

Electrodialysis Reversal (EDR) is similar to ED but the polarity of the electrodes is regularly
reversed, thereby freeing accumulated ions on the membrane surface. This process minimizes
the effect of inorganic scaling and fouling by converting product streams into waste streams [6].
This process requires additional plumbing and electrical controls, but increases membrane life.
EDR does not require added chemicals, and eases cleaning as well.

Maintenance ED membranes are durable, can run under a wide range of pH conditions (pH 2 —
11). and endure high temperatures during cleaning [4]. They can be removed from the unit and
scrubbed if necessary. If operated properly, membranes have an average life of 12 to 15 vears
[4]. Solids can be flushed out by turning the power off and letting water circulate through the
stack. The ED stack must be disassembled, mechanically cleaned, and reassembled at regular
intervals. They can also be cleaned using a 5% hyvdrochloric acid solution [8].

Waste Disposal The concentrate waste stream. electrode cleaning flows, and residuals from the
pretreatment process will be a part of a typical waste stream flow and will require disposal.
Common disposal methods include: surface water discharge, evaporation ponds, ¢te. Spent
membranes will also require disposal.

Benefits

ED and EDR can operate with minimal fouling or scaling, or chemical addition.

Low pressure requirements.

ED and EDR facilities are quieter than RO.

Long membrane life expectancy.

UnalTected by non-ionic sealants such as silica’,

Low chemical usage for pretreatment'.

Ability to treat feed water with higher SDI, TOC and silica concentrations, and more

turbidity than RO'.

« Can operate with up to 0.5 ppm of free chlorine in the feed water to control the biological
matter in the feed water.”

Electrodialysis 2
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Limitations
e TDS cconomical up to 8,000 ppm. but often run at waters of 1.200 ppm [6.9]
pH: 2.0t0 11.0
TOC: up to 15 mg/LL
Free Chlorine: 0.5 ppm with spikes up to 15-20 ppm
Turbidity: up to 2 NTU
Iron (Fc'z): (1.3 ppm
Mn (%) 0.1 ppm
H>S: up to 1 ppm
SDI: 15 (5 min SDI)

3.0 Example Treatment Train

The conventional EDR treatment train typically includes raw water pumps, debris screens. rapid
mix with addition of an antiscalant, slow mix flocculator. basin or clarifier, gravity filters, EDR
membranes, chlorine disinfection, and clearwell storage. Microfiltration (MF) could be used in
place of flocculation, sedimentation, and filtration.

Coagulation Etariis Electrodialysis
Feed Tank Floceulation B"p:“ cl, Clearwell

O G

Waste Discharge

4.0 Safety and Health Concerns

* Produces hazardous gasses, such as chlorine, hydrogen. HS. etc.
e [Llectrical hazardous
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Contact Information

This Fact Sheet was produced by the TSC’s Water Treatment Engineering Team. Please address
any questions or comments to:

Contact; Bob Jurenka

Email: wiprimeri@usbr.gov
Phone: (303)445-2254
Web: http://www.usbr.gov/pmts/water/publications/primer. html

Revision Date: 09/20/10
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The Eurodia Industrie bipolar membrane electrodialysis unit for the conversion of
sodium acetate into reusable acetic acid and caustic soda:
More than five years of successful operation
{Published in Membrane & Separation Technology News — March 2006)

Iy early 2003, Eurodia industrie commissioned a new bipolar membrane electrodialysis (EDBM)
unit at the site of a specialty chemical producer in Germany. Its purpose is to convert a by-
product stream of Sodium Acetate from the production of vitamins into Acetic Acid that can be
reused in the process and Sodium Hydroxide to be used in the waste water treatment facility. As
a resuit, the volume of waste (organic load) is significantly reduced and the acid and base
values can be recovered. This article will describe the successful operation of this plant over the
last three years.

EDBM combines in an electrodialysis stack conventional ion exchange membranes with bipolar
membranes to aliow the conversion of aqueous salt sireams into the acids and bases. Under
the action of & DC current, the bipolar membranes effectively split water molecules into H' and
OH lons. These lons combine with the anion and cation of the salt to form the acid and the
base. With a three-compartment configuration using anion-exchange, cation-exchange, and
bipolar membranes, three loops are circuiating in the stacks: acid, base, and salt such as
Sodium Chloride. As shown in the schematic below, the two-compartment configuration with
bipolar and cation-exchange membranes is used preferably with the salts of weak acids and
strong bases, such as Sodium Acetate, Because organic acids are weakly dissociated it is not
possible/practical to have a separate acid loop and no anion-exchange membranes are
required. In such stacks, the two product streams are an aqueous soiution of NaOH (maximum
concentration 8w%) and the organic acid mixed with some remaining organic sait for a sufficient
conductivity: the higher the salt feed concentration, the higher the conversion rate that can be
achieved. More than a dozen EDBEM systems are in operation worldwide, mainly for speciaity
chemicals applications.

Lonuentratest
BA0H Wi

Na® 5
TR, Cathode
Lrony L o
§ yed H gl
X X 2
Wi

K3 zation exchange mambcane
B#: bipalar membrane

At the German plant, the Sodium Acetate siream is fed at an average conceniration of 22-23
w% and the acid is produced at a concentration of 18-19 w% (2.2-3.5 M). The NaOH is
produced at an average concentration of 6-6.5 w%, sufficient for reuse in the water freatment
plant. Since there is also a transport of water from the acid into base loop, the conversion rate is
above 90%. The unit processes 1.1 to 1.3 m™hour of feed and converts more than 400 kg/hour
of Sodium Acetate.

Since the feed contains low levels of multivalent cations (Ca, Mg, Fe, Cu, etc.), a pretreatment

step is required to reduce the total concentration below 1 ppm to avoid precipitation as
hydroxides in the stacks: two ion exchange resin columns have been installed for continuous
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operation. The salt is then converted in two EUR40B-bip EDBM stacks (see picture beiow),
with a total cell area of 255 m® (510 m® of membrane area). The EDBM stacks run in an
automatic batch mode with the sait/acid conductivity decreasing from 70 mS/cm to 11.5 mAlem:
when the conductivity reaches such minimum, the acid product is pumped to the storage tank.
The overall current efficiency is optimized thanks to proprietary designed spacers.

The EDBM unit has been designed and constructed according to CGMP principles and to
customer specifications. Commissioning has been completed within a short time and, since, it
has met the needs of the customer and always been in operation when required. The automatic
operation is controiled by a PLC. The unit has been installed in a stand-alone buiiding while the
overall control room is in an adjacent building. In addition, remote camera monitoring allows that
an operator must only be in the building for less than 30 minutes per day. The electric cabinets
and rectifiers are located in the same building as the EDBM stacks. A dilute NaOH solution is
used as the electrolyte solution and a blower allows the safe venting outside the building of the
small amount of hydrogen and oxygen gases that are generated at the electrodes. It is possible
to install a moderm to allow remote monitoring of plant operation and optimization of operating
parameters.

[0283]

It is worthwhile to note that the performance of the system have continuously exceeded the
design and guaranieed parameters: especially for the acid concentration and the acid
production rate, as well as the power consumption. While 2 membrane life of 12,000 hours has
been guaranteed, the membranes have run for more than 8,000 hours so far with no sign of
deterioration. For a similar application at another site, the bipolar membrane fife has exceeded
25,000 hours while the life of the cation-exchange membranes is about 15,000 hours. The DC
current is set at 340 A (equivalent to 85 mA/cm®) and the average voliage remains at 185 V per
half-stack, or less than 1.7 V/cell. Since cell maintenance and power consumption are the main
operating costs, the economic projections show a payback for the custorner of less than two
years.

The performance of the EDBM unit demonstrates that, with a good design and the adequate
pretreaiment, users will have a very successful and trouble-free operation. Of course, this
equipment requires the same amount of care as any chemical process step and the plant
operators have shown their commitment to the technology. From this experience, it is clear that
bipolar membrane electrodialysis can be reliably used in chemical processing with the potential

of attractive financial returns.
[0284] Ve Hnancia ret
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