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Fig.2-1 Difterent stability for the electrolyte A,Byin a pA—pB diagram, In the
different areas the following phenomenon may be studied kinetically :
dissolution, seed growth, heterogeneous nucleation and growth,
(Reproduced from Nielsen and Toft, 1984)
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from Tai et al., 1999)
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Table 2-1 Mass-transfer and surface-reaction coefficients of calcite crystal at pH
=9.5 and [ = 0.0025 M. (Tai et al., 1999)

Particle Superficial
Run No. Size Velocity K4 K,

(um) (m/s) (107" my/s) (10° m/s)
A-4-1-020 920 3.54 1.45 13.78
A-4-2-013 650 3.54 1.42 2.25
A-2-2-M14 460 3.54 1.33 0.30
A-1-4-MO08,16 460 2.36 1.11 0.31
A-2-4-M12,13 460 1.42 1.29 0.34
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Fig. 2-3 Growth rate of lead fluoride as a function of relative supersaturation.
(Stubicar et al., 1993)
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Fig. 2-4 Linear growth rate of a-PbF, at 25 °C as a function of ionic strength.
(Stubicar et al., 1993)
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Fig. 2-5 Linear growth rate of a-PbF, at 25 °C as a function of pH value. (Stubicar
etal., 1993)
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Fig. 2-6 log G vs. log o effect of crystal size at pH =9.5, 1= 0.0025 M, v=4.72 m/s,
T =25 °C. (Tai et al., 1999)
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Table 2-2 Effects of magnetic field on nucleation and growth.
(Reproduced from Baker and Judd, 1996)

51 R

R
g §m

Narasiah (1970) BS¥ 140 ppm H R 2Bk B0 %
P L T R ¥ X £

Kirgintsev (1971) R g e 2

Ellingsen and Kristiansen (1979) A B A € Ao SRR

Gruber and Carda (1981) WA R e re e, 8 2 G BT LG Ak

Hasson and Bramson (1985, 1988)

B

Ellingsen and Vik (1982)

¢ 5 4:CaCOsi% 2

Deren (1985)

BH & e 2 P

Kronenberg (1985)

gi\‘g’%iﬁfﬁ (G\’F‘i\g%)

Donaldson (1988, 1994)

Fr4]CaCO; ch 4
4¢iE CaCO5 i K

Dalas and Koutsoukos (1989)

% 1 CaCOs = & &

Higashitani et al. (1993)

Fr41CaCO; ch
4¢i# CaCO; & £ i &

4% I3 aragonite e} =

Gehr et al. (1995)

£ SR JRR (H 4R

Table 2-3 Magnetic effect on the yield of CaCOj3; polymorphism at different

magnetic field strength.

Magnetic field strength (mT) | Calcite (%) | Aragonite (%) | Vaterite (%)
0 90.2 9.6 0.2
400 80.0 10.4 9.6
1220 28.9 70.6 0.5
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Fig. 2-7 Effect of the strength of the applied magnetic field on the crystal growth
rate of calcite. Total calcium (Ca ) = total carbonate ; (C ) =2.5x10" M; pH

= 8.5, T=25 °C. (Dalas and Koutsoukos, 1989)
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- 43¢
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- 459
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2 3
LOg- [ w"’-—!':w ]

Fig. 2-8 Crystallization of calcite seed crystal at pH = 8.5, T = 25 °C. (e in the

absence and o in the presence of a magnetic field of intensity of 18.6 T, 87
% continuous and 13 % alternating ) (Dalas and Koutsoukos, 1989)
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Fig. 2-9 Growth rate of CaCOj; crystal as a function of relative supersaturation. (For
pH=9.0,1=0.018 M,L=774 um, R =5.54,v=0.047 m/s , T= 25 °C)
A © Without magnetic treatment
e : Solution circulating through Descal-A-Matic DC-3

4.5

4.0—- L4
3.5—-
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Fig. 2-10 Growth rate of CaCOj crystal as a function of pH. (For c = 1.0, [ = 0.018
M, L=774 um, R =5.54, v=10.047 m/s, T = 25 °C)
A @ Without magnetic treatment
e : Solution circulating through Descal-A-Matic DC-3
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Fig. 2-11 Variation of the concentration of the ionic calcium against the flow
velocity. (Gabrielli et al., 2001)
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Fig. 2-13 Classification of permanent magnet type MWTD’s proposed by Gruber
and Carda(1981) (Reproduced from Baker and Judd, 1996)
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Fig. 2-14 Measured voltage versus solution flow rate
1,2,3 : Various types of electrodes with 0.125 T magnetic field

4 @ Type 1 with 0.0020 T magnetic field (Busch et al., 1986)
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Fig. 2-15 Measured current versus solution flow rate (Busch et al., 1986)
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1. fluidized bed crystallizer 11. U-type tube 21. auto-titrator for CaCl,

2. distributor 12. axial-flow impeller 22. auto-titrator for NaOH

3. rotameter 13. burette for CaCl, 23. pH meter

4. Descal-A-Matic DC-3 14. burette for Na,CO; 24, nitrogen cylinder

5. valve 15. Ca** polymer membrane electrode 25, impeller controller

6. water bath 16. Ag/AgCl reference electrode

7. magnet pump 17. voltage regulator

8. storage tank 18. impulsomat

9. pH electrode 19. ion meter

10. burette for NaOH 20. auto-titrator for Na,CO;

Fig. 3-1 Aparatus of constant-composition method

AFT Y i % i Descal-A-Matic DC-3 # #7+ 45 -k E i1 4 Fig. 3-2 & Gruber
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Maximum water flow rate: 3 GPM (11.3 LPM)
Fig. 3-2 The Descal-A-Matic DC-3 magnetic field device.
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Nominal intensity: 1265.6 Gauss
Fig. 3-3 The MagneGen Model 100 permanent magnets.
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Fig. 4-1 Titration curves recorded by the auto-titrator under condition of pH = 9.0, 1
= 0.018 M, oaa = 0.73, R = 554, and T = 25 °C, with different
magnetization positions.

(a) seeds zone
(b) solution zone (after)

(c) solution zone (before)

Table 4-1 Growth rate of aragonite in Fig. 4-1 at different time.

Time, t (s) | Growth rate, G (107" m/s)
seeds zone | solution zone (after) | solution zone (before)
500 0.468 0.184 0.166
3600 0.519 0.374 0.385
6000 0.558 0.521 0.554
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EERREELTI=0.018M, 64, =0.73, R=5.54, T=25°C>» e 23 % pH
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Descal-A-Matic DC-3 #Zic &5k BRI FIH 5 gk dpig m D a3 r iv% o § %97
& E g g aepHE 2 B %4-Fig 42 “r7 0 H ¢ DAM® 4 @ *

T
R
bl

27
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Fig. 4-2 Growth rate of aragonite under different solution pH with other parameters
fixedat [ =0.018 M, 64, =0.73, R=5.54, and T = 25 °C.
DAM: data of Descal-A-Matic DC-3 as magnetic field
Seeds: data of MagneGen model 100 act on aragonite seeds
Solution: data of MagneGen model 100 act on bulk solution
where 20 h, 90 min stand for the premagnetization time
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Fig. 4-3 Relationship between aragonite growth rate and relative supersaturation
under different magnetization condition, with solution properties: pH = 9.0,
[=0.018 M, R=5.54,and T =25 °C.
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Fig. 4-4 Relationship between aragonite growth rate and relative supersaturation in
supersaturated solution premagnetized by Descal-A-Matic for 20 h, with
solution properties: I =0.018 M, R =5.54, T =25 °C.

O: aragonite growth rate under pH = 8.5

o: aragonite growth rate under pH = 9.0
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Fig. 4-5 Growth rate of aragonite under different activity ratio with other parameters
fixed at pH=9.0,1=0.018 M, G4, =0.73, and T =25 °C.
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Fig. 4-6 The aragonite growth rates under different levels of pH in the presence of
the Descal-A-Matic DC-3 in the stirred tank system. (I = 0.018 M, Ga =
091,R=5.54,T=25°C)
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Fig. 4-7 The aragonite growth rates under different levels of supersaturation in the
presence of the Descal-A-Matic DC-3. (pH=9.0,1=0.018 M, R=5.54, T
=25°C)
<>: the stirred tank system
0: the fluidized bed system
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Fig. 4-8 The aragonite growth rates under different temperature. (pH =9.0, 1=0.018
M, Gara =0.91, R =5.54)
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Fig. 4-9 The aragonite growth rates under high temperature and different levels of
supersaturation in the stirred tank system. (pH = 9.0, I = 0.018 M, R =
5.54, T=40°C)
<>: in the absence of the Descal-A-Matic DC-3
0: in the presence of the Descal-A-Matic DC-3
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Fig. 4-10 The overall aragonite crystal growth kinetics analysis with n = 1.4. (pH =
9.0,1=0.018 M, R = 5.54)
0: 40 °C, with Descal-A-Matic DC-3 (y = 2.1035x10"" x, R* = 0.9477)
125 °C, with Descal-A-Matic DC-3 (y = 1.2339x107" x, R? = 0.9431)

A: 40 °C, without Descal-A-Matic DC-3 (y = 1.0634x10"° x, R? =
0.8953)
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Fig. 4-11 Activation energy analysis of the aragonite crystal growth using Arrhenius
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Fig. 4-12 The aragonite crystal growth rates under different temperatures. The data
points are the growth rates measured by the growth experiments, and the
dash lines are the estimated value with Arrhenius equation. (pH = 9.0, [ =
0.018 M, 642 =0.91, R =5.54)
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(A) (B)
Fig. 4-13 The photographs of the CaCOj3 precipitation obtained from solutions with

different level of pH in the presence of the magnetic field. (I =10.018 M,
Gcal =5.0,R=5.54)
(A) pH=12.0, 100X
(B) pH=11.5, 400X
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Fig. 4-14 SEM photographs and X-ray diffraction patterns of CaCQOs; particles
precipitated from the supersaturated solution by adjustment in pH after
MagneGen Model 100 magnetization. (Original solution condition: pH
=9.0,1=0.018 M, Gaa = 1.42, R=5.54)

4-4 > 7 hpHET T2 A KB

W3] HFERNLBR FEFEF AL AP A AHLE R TR

Mg v;glev‘ ArE R 2 TR 0 A AT

I 2 22 L FHBERI] A3 XBELBR? 2 ERT AL (404238 )0

FEL (2004) PIEH LR AR R NPF 2 EE S EET A

iéi@ﬁﬂ*%’@ﬁ%@%ﬁﬂﬂﬁn?ﬁﬁﬁ TERRBLE LS
GREEY BN RS RIS SR 0 & E T AR E AR o

2. EEfTRRIBELA Y FLARES 5}} “‘L’“— 2 (4 4-1-2 &)
ARG EE G R (dr 432 &) mPAPIESFT RBRY 2
Qﬂ%ﬁiﬁ%%’ Bobrd LG AT GE LR TAE 0 F X S A TR
PO i me PAEG T AN FERF TV LIF - EREE
EWERBRY 2CaCOmMmI Kk P B HAT L2 T o

3. e rBHEITr R ARG R L LA E i P F‘ S S TR 2
(4 4-2-3 & )> Bgor v P $CaCO37% ik % s R 2 B2 2% 02 - @ Tai and Chen
(1998)2. * {2 F B e %P BT F 85302 £ 2.4 & 5 3 58 °CT #7147 8 5 {
DHCE Y F 0 ¥ AFE Y 12 Arthenius lawz FERSE K AP 2 (40 4-2-6 &

4-@%Eﬁﬁ“*é%wﬁ&fw%’wwﬂ*@ma%i%,aﬁﬁﬁﬁa

o REEF REHAEERFIEER L (o411 &) T TR GRS



BB EM ST BAREY A REMERRE T 2 T

Y TR fad G @A ARG d f T BRR &Eﬁ’ﬁw@dﬂ;—ié z

FREMER Z PR ALBZBRFE B FI DS L@ TR A

= ;39:/»\ FEWBEFNEFERLEE B 2R T R 2 £ 3B

TEE X B (2002) T RL S BEAE DK R IBEEY NS 2

FHRAF VAR GELZSE AT LS REWE P2 BLELE

BRI S R L fEA & hCaCOsA F BB M > S divh (58 4w
AL > TFR LR ED RN o

5. Tai and Chen (1998):}F| RS ok 5Ca” = CO s S ER=1.0)pF 5 -

A B F 2R BPE R (2004) ﬂ:}p AR = 1.0 FESH 2 4 » ¥

TRERRA AR AERF > AT RAFERAER = LOFF F LA R

2 FE#EF (4e 4-1-4 & )0 F]CaCOs 4~ + F R M2 B ¥ - T A~ AL

BRSGRBREPALRENET AN oA RIE i“ﬁf IF I ||

FEEFARR > P A BT RERRAR =103 > RO ELALEA

FREMIE S 2 R
d bR - EEFHEHS LS K g 2P ; A L BHET i
e 2 CaCOw\ FEMFAEN o d B R AE LR BAL

R~ P Hhfiz & o

42



$1I%  B#H

d A ERRER AR RS EERY  FABES S A
AERXECRERREACBEFLETIFREFAERGE > ¥ MpHE - 3 LR
3 RiEig éﬁloﬂé*ﬁaﬁ? =& 7 mr]'% hREIITEDER Y BH R R
BB iR »@B*F’“’ﬁa PRl R A RS R RARY - B FRSE
FRHLBEF > PPETHFELELE AR ETR >0 2 AL EFLER
B4e 2 gHder @ 0 2 2 FF 4ot Tai and Chen (1998)7" 3% 41§ B
CaCOszz 421~ F 5 1 » g pI§A R # F R EMOPBRG N - 2 117
SR PIA A BB ARPHEY BB foR T 3 L F 0 @ il fe
B> R - AP gaPgd Py ERHPFPFIEFEL T
Z i’"J"i?f/Fé’éix‘?‘f'F’* PR en B 0 B R FRLABY ‘ﬂ“* ¥R T2 o B2
YUR o AT R B2 AP 0 2 B RBRI Y P dp BB CaCOs i A e
B B AL DR BAFTRNZBY (b4 E) 2T AL ERF
FRBLERTZIRGE RS RE -T2 H -

_L,-¢

ﬁn\

43



37 R

Baker J. S. and Judd S. J. “Magnetic Amelioration of scale formation,” Water
Research, 30(2), 247-260 (1996)

Barrett R. A., and Parsons S. A., “The influence of magnetic fields on calcium
carbonate precipitation,” Water Research, 32, (3), 609-612 (1998)

Busch K. W., and Busch M. A., “Laboratory studies on magnetic water treatment
and their relationship to a possible mechanism for scale reduction,”
Desalination, 109, 131-148 (1997)

Busch K. W., Busch M. A., Parker D. H., Darling R. E., and McAtee Jr J. L.,
“Studies of a water treatment device that uses magnetic fields,” National
Association of Corrosion Engineers, 42(4), 211-221 (1986)

Dalas E., and Koutsoukos P. G., “The effect of magnetic fields on calcium carbonate
scale formation,” Journal of Crystal Growth, 96, 802-806 (1989)

Donaldson D., “Scale prevention and descaling,” Tube International, January,
39-42, 49 (1988)

Donaldson D., and Grimes S., “Lifting the scales from our pipes,” New Scientist, 18,
43-46 (1988)

Gabrielli C., Jaouhari R., Maurin G., and Keddam M., “Magnetic water treatment for
scale prevention,” Water Research, 35, (13), 3249-3259 (2001)

Gal J. V., Bollinger J. C., Tolosa H., and Gache N., ”Calcium carbonate solubility: a
reappraisal of scale formation and inhibition,” Talanta, 43, 1497-1509 (1996)

Garside J., Mullin J. W., and Das S. N., “Growth and dissolution vessel,” Industrial
and Engineering Chemistry Fundamentals, 13, 299 (1974)

Gehr R., Zhai Z. A., Finch J. A., and Rao S. R., “Reduction of soluble mineral
concentration in CaSO4 saturated water using a magnetic field,” Water
Research, 29(3), 933-940 (1995)

Glater J., York J. L., and Campbell K. S., “Scale formation and prevention,” in:
Principles of Desalination, 2" ed., Part B, pp. 627-678, Eds. Spiegler, K. S. and
Laird, A. D. K., Academic Press, New York (1980)

Harriott P, “Mass transfer to particles: Part I. Suspended in agitated tanks,” AIChE
Journal, 8, 93 (1962)

Hasson D. and Bramson D., “Effectiveness of Magnetic Water Treatment in
Suppressing CaCOj3 Scale Deposition,” Industrial and Engineering Chemistry
Process Design and Development, 24, 588-592 (1985)

Herzog R. E., Shi Q., Patil J. N., and Katz J. L., “Magnetic water treatment: the
effect of iron on calcium carbonate nucleation and growth,” Langmuir, 5,
861-867 (1989)

44



Higashitani K., Kage A., and Katamura S., “Effect of magnetic field on formation of
CaCOjs particles,” Journal of Colloid and Interface Science, 156, 90-95 (1993)

Kirgintsev A. N., “Mechanism of the treatment of liquids,” Russian Journal of
Physical Chemistry, 45, 477 (1971)

Kobe S., Drazi¢ G., Cefalas A. C., Sarantopoulou E., and Strazisar J., “Nucleation
and crystallization of CaCOs in applied magnetic fields,” Crystal Engineering,
5, 243-253 (2002)

Kobe S., Drazi¢ G., McGuiness P. J., and Strazisar J., “The influence of the
magnetic field on the crystallisation form of calcium carbonate and the testing
of a magnetic water-treatment device,” Journal of Magnetism and Magnetic
Materials, 236, 71-76 (2001)

Kronenberg K. J., “Experimental evidence for effects of magnetic fields on moving
water,” Transactions on Magnetics, Mag-21, No. 5 (1985)

Narasiah K. S., “Magnetic treatment of water- A solution to prevent corrosion,”
Water and Pollution Control, 108(6), 34-37 (1970)

Nielsen A. E., and Toft J. M., “Electrolyte crystal growth kinetics,” Journal of
Crystal Growth, 67, 278 (1984)

Stubidar N., Sérbak M., and Stubi¢ar M., “Crystal growth of lead fluoride using the
constant composition method: II. The effect of Pb/F activity ratio on the
kinetics of crystal growth,” Journal of Crystal Growth, 100, 261-267 (1990)

Stubicar N., Markovi¢, Tonejc A., and Stubicar M., “Crystal growth of lead fluoride
phases using the constant composition method: III. Effect of pH and ionic
strength,” Journal of Crystal Growth, 130, 300-304 (1993)

Tai C. Y., “Crystallization kinetics revealed from experimental data analyzed by the
two-step growth model,” Journal of Chemical Engineering of Japan, 30(3),
373-381 (1997)

Tai C. Y., Chang M. C., Wu C. K., and Lin Y. C., “Interpretation of calcite growth
data using the two-step crystal growth model,” Chemical Engineering Science,
61, 5346-5354 (2006)

Tai C. Y., and Chen F. B., “Polymorphism of CaCOs; precipitated in a
constant-composition environment,” AIChE Journal, 44(8), 1790-1798 (1998)

Tai C. Y., Chien W. C., and Chen C. Y., “Crystal growth kinetics of calcite in a dense
fluidized-bed crystallizer,” AIChE Journal, 45(8), 1605-1614 (1999)

IR T F Y B LAE SRR F2 7y Lk o 2T
a1 (1993)

T RE > TESHARE S LR 2B (2002)

AT e AR R R O LR o S x v

(1996)

45



P o TRRBRAT AR P X AR By LE G > S
#t (1995)

AR 200 T e o R R R AT 5 S AR 8 o AL e 0 o
1 #t (1995)

MFA S Tl 2 mke s o BLERHY o 5239 (1992)

PN o TEE AR A R Y LR Ty o LS %k
1 (1997)

i T e A R L AR EF AL %k o A
#t (1996)

WEL TR RS NBHABALEL PR LB % > 24

“+ (2004)

%

46

e
=



SR

ARG 2 A AeIE I E R T A
1. A4 %235
(1) S84 R e £R 2P TR K 250 2 3% (FHFF IR~ i
AR ST TR AT LA R R A A K 2 A2 Y
TR 0
(3) *ﬁﬁ”@uv FRAE T AVKIER G R AR -
(4) LR AT RELIE T GOIF O AR
2. BHEFHE G
() @ L s LB 7P N FHBIHMR P F 2B F
() 5 DRGSR F DG £ LK ok TR RN 2
e ] PR T B K AR B Akl § M AR AR R o
G) R i 507 R L0 PR L 25 i i
B3 e RS R ER AR ISR 2 5% -
3. HIFFE o
(1) #pFe T et £ 28 NEABRSFHRBRAEH 2 P L 54 8

2)

\\\Xy \\\Xr %;] N\ —%ﬁ
T 0% 7

?"\;vaﬁljia?
Q) Rl EEVAEHEE R AR T > SRR B

[

ek ~pH & ~ #3 Fd ¥
Q) L=+ XETE|FPAPEEy VFRIEYREL TR &
FAEEFAHBEAP IR FRT AL 2 5k -
4. R 2 E* i B 5
AT U EREE T T e 2 B AR S L PR RNV
Wl Mg et R ER S KEL T a:%’j»#iﬁgb P A BN AEREL - d
HEST A AR @ (B ER P25 L3 2 d &g 1 ¥£% K
Ao s TR AR K —f‘iﬁﬂéﬁ’*”"’“ Pt FIE S FH R
W FE2 U FTIRMEXRGF MRS AR BER DR E > JA FRT 4 g
_Jg g%ﬁmﬁgéo

o

47



SRR EI S LU RS v B R
A U I I G B e T A
g & [ Ry S
o M| 96.4.24~96.4.26 | F AL PR
P e | e g | bR S
f #f | (1) 5T R T T

() 1% International Congress on Green Process Engineering

CFlI ) Tty PR sl f
() A Green Chemical Process for Preparing Silver
Nanoparticles Using the High-gravity Technique

SR 7 A




|
=}
==

Y

WY

=Ry (W] AR T AT B H [ES“IIHF%T@E P T B R
(Toulouse ) 277 o ﬁ’irﬁ’ﬁguﬁ = %ﬁm{tﬁw (La Laboratoire de Génie
Chimique ) V= = Professor Joél Bertrand FIEFG » *EJ# B F A RT T
BR MBI E[J?F IR F[A I W o Fﬁ—&[ FL &7 Plenary Lecture ~ Oral
Presentation > Poster Presentation o JF= Hrf ‘EF 2wl EWF'F' S EE W
TR AT AR B ¢ - SRR o R A T R
5 ?E%E'IW‘C;V@E@‘E o f A J/F‘%?i/ ] ﬂ?‘ﬁy ( Poster Presentation ) 1=tz&=2 ,
O ARBTG5 [ 2 252 B
F PRI 5k B (5T AP e S T AR e E[I%ﬂjﬁ

RCEY T

- éfﬂpﬁ%%@%
¢ﬁ'ﬁjﬁf3p4 k| 24 IR i’ ’érimﬁm HE rﬂjrlﬁ (reception) 7t Toulouse
R Enﬁgmgfx%mﬁﬁ o B B ;JFJI—kd} ﬁ[F“” ’
DA *E”'EI.ETTEW;'/?&?A'I o & ?H\Fﬁli' T %iﬁﬁiﬁ@ (Plenary Lecture) * =
R o ELpD = S = R
1. Chemical Engineering and Sustainable Development » = & * 3% B
Jean-Claude Charpentier
2. Wastewater Treatment by Photochemical Process » = &5 * E@E'Iﬁ'l;‘/ Claudio
Augusto Oller Nascimento
3. Intensification for Green Process Design » = 55 * £i (@ [#' )/ Andrej Stankiewicz
4. Biomass Valorization for Fuel and Chemicals Production » = & * Fi s

Cédric Briens

5. Are Solvents Sustainable? = =5 * £33 [/ Eric Beckman

R 1 DR -



1. Sustainable and Clean Technologies

2. New Reaction Media

3. Risk Management and Safety

4. Innovative Process Design

+ N VESRREEY 9T S h - JHETEL “A Green Chemical Process for Preparing
Silver Nanoparticles Using the High-gravity Technique” - ﬁf@ ;[ J§J|iﬁ a0
YRR R FERY 5 RS R - lyE ] 55 i Process Intensification [
il o *?’F}HFW g2 R {ﬁﬁl%{ﬁ%%?“ﬁ/— Prof. Andrej Stankiewicz S5 ==

HECEE DRV -

NN S

1 ij'ﬁ%ﬂfé JE R R B R iﬁ% U5y ko Bl ERLA s 1

BRCEEY (RN FHFPIEIES 28 7‘“*[55”'?/7??%[%5“[%*
EIAS L EW‘C’?“)%'J_F{E&E%E' ’ i“"’%?\ﬁf ’ﬁ%ﬁ% °

2. BRI R (ST - FI R %ﬂﬁlﬂ:‘i;ﬁ\éﬁﬁjﬁkj M ﬁfi* [~

j%#ﬁ@ﬁ@%%a&}ﬁ@@@@é’@%ﬁ |FHHFLELEESR

JFJ“ I/P J <% o

bl

3 BRI G R RS i S
(IR S 2 o AR IR TS B 2 e

P~ R

Proceedings of 1* International Congress on Green Process Engineering > + 5%



