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i, CT(computed tomography) X%+ L iZfFEEI N2 L5 RWiETOHZ
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1.2 BEEDSE :

ESIEFERIZ, 1920 FRIC, BAICSBEBEEAT 2 FHE LT, ks
HECLOTEDONE, HIBERICEREZR L, ZRUNTRCOBBBIDE
FEREz2sHT22LickoT. BERMEDOYY 72852 BTE, Zhick
ST PIZIE MM ER YD L D FRAMENSTE 3 19,

1970 ERBE, MBCREBEIWEEHEAVE NEY S 7 4 —KRIEFEIE
Mid. x A F v FIChR, BT M ROREEICENEZ DL LT, EYMEST
vVZ TP EoTHWSAERNE, FNLUE, K ERT(electrical resistance
tomography)id. WiltHIClBEI N BETIX. 52 bW EERBICH LT, BED
Lo E—FVRGEETRTRSMABEZRIET 2 EDICERAINTNS 219, L L
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(MRD & X2 2 L H%00,
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ik, MR 1.5m ORI R AW, 27—V 7y ORI 21T 5T b,
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2.1 12, BT B 2 U ERG 7 Uk P B0 2 RN ERE LRV LS
=, MEEEFE A IICRE L7 16 HOEEIC L DR 5.
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EHECEE RS L L SOML., 34 BHRCERE R L. 1-2 ST BT %2
Lk E SOMIFELL R D,

RO, 2 OB & 2 BEOMASDEROE IR Z R U KFETE, B
BE 16 L Uk 0, fAGbE R 104 L 1502 0 104 DI EMAAGDHE S = £ T,
1 M OWFEE G SRS N3
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M =104 (E, =160t &) 2-1)

ZZT. MEBZBEMOHMAGLEE. En lZBHETH 5.

22 F-EYVal—¥arv .

EHERZB L L L2RUEESOREBRL LMY 7 ME. Zh 50
SNR(Signal to Noise Ratio)iZ iE{L S N=FMMET - €Y 2 L — 3 U EIFIC L b [EIE
N5, Smith 5 9%, Gaussian KIE#H / 4 XEE T OEGH &K SNR IZHEWVWES
ZRETZEODTIHIIN - XvF R - 74 NVEICEDSNWET - EVa L —Ya V&bl
DOV TN B,

Gaussian / £ X2 & 2B {EBERIZN LT, BEOSNR 25237 4 V¥ Ik
VFRTANEITHDBo T - EV2L—FBITVFF - T74)FEFELNSNR 2FKD
LTS UTEBRBEE, ZOF - EVaLV—YFIRBKSNR 2oz kichkb,

K222, XOFR-T4NVF-FED2L—FDOTOvIRERLEZ. ANEFET
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WEXhEAHEEL., &, BLOERD 188, 5— 7 VOBEMEOEENTH 2,
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X/in(n)=Acos(%n+6) 0 =n = N-1 (2-2a)

I\

hc(n)=cos(3§-n) | 0 <n N1 (2-2b)

n £ N1 (2-20)

A

k. (n) = sin( %-V’in) 0

Q2-22RICBNT. A BESVEFEEAZEETILESIZTZEPDTH . OhiH
VT NTH DoAY TV Y T NNSIZH U TEHE U 7= BALO in-fAH ()R,
TADPEKRE B,

N1 N-1. 2 ’ AT '
igo h,(n)V;,(n) = E cos(—lvn)A,cos(?n + 6)

n=0 (2-3a)
= NAlcos(H)
2
BB,
N-1 N-1 4
Y b )V, (n)= sin(—zﬁn)Acos(gﬂn + 1?)
n=0 n=0 N N )
(2-3b)

= NA %sin(B)

FRIZBNT, KFETEIEEEEZ2ZE LT, YU 7IWVEIN=4 £ L/}, 2-2b). 2-20) -
A& D N=4 D& ED in-MHGKR & BEANMHEIERRSBIREOMBEIL, Zh2h+1,
0. 1. 0 BIXWO, +1, 0, -1 THb, 2hbDEZ(2-3a). 2-3p)RITRAT B L,

3 " 3 x x
ngo (W, (n)= cos(zn)Acos(En + 0)

n=0

= Acos(8) - Acos(w + H)Acos(%n + 0) ' (2-4a)

= 2Acos(0)
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= A cos £+0 - Acos —3—”—+0 Acos —j-t—n+0
2 2 2

= 2Asin(0) ,
(2-4a), -4 L. 1FIE A L. (2-4b)
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FEHAIY RF AIZBNWT, GHEILZEED SN BESEIESf 2 KD 2. HiE
HR7 VT ) ZLDBBETH B, RIFETE. BEMRFTEL UTHRERER KA L,
Kotre 5 H#(E L 7= Back-Projection ¥ 912 & b, HWiH € DESIEHMEN 2 KD 1.
AT I B RAQJREE 28 B

2.3.1 HEHERX

BEEMN O BSIEAEA T 2 AREREIC L DRI T 28, ERARRL LTR7Y
Y ARRE H T 10, |

V:[oV-:v] =0 (2-6)
ZZT. OIREEBERTH S,
BRSEME LT,
v=0 (BRM) (2-7a)
fors=+To (e —2 ) (2-7b)



fol=-1o (s> &) (2-70)

CZTy nEERISH T BHEBNRY MV TH B, |
AR TR QDRAD S HRERKIC LD, MUHHOBESHEEMT 2, xy BEICE
FBR7Y HERREIRATERI N, | |

aix(o(e) %:)—) + -:;(a(e) %ﬂ) =0 (2-8)
TZT. OVBERANT-ETHBLTBL,
O'(e)( d 2"(:) ¥ azv;e) ) =0 | (2-9)

ox ay
Xy BENOMEBERE LT 1kXeE2 2L,
Ni©@(x,y) = (a;® + b;@x + ¢;@y) / 2D (2-102)
N;©@(x,y) = (a;( + b;@x + ¢;y) / 2D (2-10b)
Ni©(x,y) = (ax® + bi@x + cx©@y) / 2D@ (2-10c)
ZZT, DOFER e DEBTH D HHIRY ML D RRTEZ BN,
2D® = (x5 — x)(yx — yi) — (x; — x)(yi — ;) 2-11)

E7z. abc ZHIROBEDO AL bR N,

ai® = xjyK — Xky;

bi® = y; - yi (2-12a)
@ = xi - x;

a;©® = x1yi — Xy

b;® = yi — y1 | (2-12b)
S —

ax® = xjyi — xjyi

bx® = y; — y; (2-12¢)
ck® = x; — x1

B,



2.3.2 HpiEHEomRYL v
Q-IORZZAHMET 2 vHREENE, Z0vEQIORICRAT S =0 BED LD,
LU ERIZEMRE Y DEONE D, 2OEFEREE LRV, BREREICLD#
W LUEBOBEIRADOR L2 5,

2- .2
a(a LA P (2-13)

....—+___

ax? ay2

BECEARDI AT 2 HE2EADSEEE LV, 2 HEXHHEDR/ 2
REDEZ T =B LEBARADL SR 5,

fstzds =0 (2-14)

HZ—F@%E, EAL UTHBBERZAWSHETH 2, Thbb, HAEICHREEE
BERERC, ThEZEZREHICE > THEI L. ZORRB0LRBLICVEEDDHDT
HLh. —MITIE VI E ZEREL LT,

E
v(x,y)= v (x,y)

e=1

= §{N“”(x,y>}T{V‘e>} (2-15)

e=1

ERBDT, ThZEAALTHZ —F U EADIREELEZEHAT %,

g dv a4 _dv
ffS{N}RdS—ffS{N}KB;U*é-;+5;Ua—y' A)

. |
= 3 [y (N} 3 (@ av’ L av®
s dx | 0x oy ay |

ds

=0 (2-16)

d av'®
NN g@OZ s
ffs(e){ }ax( ox



9 W@\ N©@} ., v @
= N©}o® - o ds
ffs(e) [ax ({ } o o Py

a{N(e)} av(e) " av :
= fls0 % o+ [N @ = wY (2-17)

TZTC, TOFER e DAL, nx i ZZ DAL LEDERNT PVD x D TH %o

A, 5 2 EE

(e)
(e) 9 &®© v
[0 Ny ( - )d

a{N(e)} (e) ay© (e)

(e) av

=-ffs@ S o AN @0 S @18)
2-17). <2-18)‘tot b (2-16)RD 1 BESH Ge i ‘
(e) (e) (e) (e)
Ge = "‘ff © G{N } (e) av + 6{N }O(e) av <
> dx 9y dy
av(e) av() v
+ e N(e) a(e) o© I 9-19
Jr@f }( e to » —n, | @19)
F 72, VO={NOIT{VE} L b,
(e) (e T
e e L) | (2-20a)
ox ox
4, (@) (e)\T
DL} ey (2-20b)
ay ay

W>T. Ge DB 11H Ger lFkA &%,

Ger o (1 [FNO} @ BN 9N} o HN )
1 ffs(e) o o P >

" aNi(e) aN}e) aN,(ce) -

ax ax ox 1
B(e)]= =
el aN©@ N aN©@ | 2D@|c

ay oy dy

lge) C;-e) c’(ce)

bi(e) b}(?) blfte) }

){V ©hgs  (2-21)
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Ge D 2710 Gex lZ. EZ e DFAUT QBT AXTH Y /A TV RBREZGTCRATS
3. BEEHARNEY S 74— 0B 2BREME. SERICSZ N2 EREDH
-E:%%O /ﬁ\éofx

Ger = - [y BB

][B(‘” KV ©ds (2-23)

Gey = [0 AN Y =ig)dl | (220
b,
(2-23), (220X %@ 199XIAAT B L,
(e) |

_ @ |C 0 | p@y© @)y o).
Ge=-[[s@ BT o |[BEORY s = [0 AN Yigd! (2-25)
2( [fs@ BET 00 4© [BO1HV©ds =2(- fr@ {N(")}iodl) (2-26)
e=1 e=1
T T FREUTHI AL S TIR Y NV CORBAT B,

, @ o1 :

[491= [fy0 BT |° aw]m(e’lds | (2-27)
{CO}==[ (AN ¥igdl (2-28)
2-20) R EHHT 3 L\ |
E E
SIACORV@}= T} | (2-29)
e=1 e=1

ZORD, BEPV Y ABRATEINZBEEOEEEEEMITIC B 2B ER RS,
BETE LN EEBAERQ-29RK BT 5, FHEHOBEASZUTIECRT,

1 @2nRiE. FPY U ABROPHKZRT 2 BEMSOENISETE2HDTH %,
Q-22)ABERATB L,



(e

[A“)= ([, BT ["0 s )}[B‘e’]ds

© b‘(e),b’(e) bi(e)b§0) ' b(e)b(e) © clge)clfe) clge)c}e) clge)cl(ce)
g o
_ D > b}e)bi(e) b}a)b;’e) bJ(e)b(e) + D " cge)cl(e) C§e)c§e) Cﬁe) (e) (2-30)
blf:e)bi(e) blf:e)b}e) b,ge)b(e) l(ce) i(e) c’(ce)c}e) clge)cl(ce)

2) @-28)RiE. /A Vv UVEREHDPOELZEHTH S, ZAEK e D3 LDS> b, &L

JHEBMTHAHLTHL.LyORILEPLFANIEREE b icLbkAD™FELENS,
iy l(e) 1

1 o (2-31)

. |

Thbb, Bijho02RBEIE. Zij CHINZER oD 12 T OMmEEOHIRL & ]

mzshBzkizkB, -

(€Y=~ [ ) AN ©Yigdl = -

2.3.3 HiIAMED
HIH TR LD, BREREZHAVWTR 7Y VABRZMIZ LI, TRbBL
TORAABAEML 2 LICB B,
[AKV@={Cux)} (i=1~p) (2-32)
CZTC, n 2HiAE UL E [AllX nXn 0T, (VoHZRAD n HiEHEBENRY
M ve {(ColLEHRIETH B | |
@-32)RIeBNT. BREFL LTHCI 252 FERZLOBREHMEZRD TS
L EASREEAWTCHMREEVODEREI NS, ChETRTOEHRZH T BB
DT, ThbH{CoIE i=1~p ECRIEELTRIFETS. p & BHEZHTEBEN
DHABFDOLEDETH B, BEHLETRTOEIRE FWthM%>211 hRE=EBE
SRS U R R EE 2T %,
VETIVIQ) VI « « « V)] (2-33)
22T TMn*p)IZBERBEZME T2 EDDOTHSIC 101 25 DF5TH 5,



2.3.4 Back-Projection 3 910

2.3.4.1 REFTS |
2-33) AL D HEHUEBEREEDP S, XA K VRETIOHSZHET %,
1 ylem _ym

ﬁ@‘mm _ym

2Ty Vol [ AIMIRAE G S A b F7E L & E) DBEREE, Vo, 5

NTCOERDVEHURNGY TSN TNDE L ZDERAER. 6@i§ﬁek$i%ﬁ%

L LU-HEREROER/EBROER TH 5,

S“M) (2-34)

2342 BEOHBKIL

nﬂﬁ‘é’htﬁﬁ }—‘ﬁé Vmes N W:T:WZJZ D%ﬁ%'ﬂ:{én%o
) _yom

v (m) Vmes

mes V(m) V(m) o (2'35)

2343 BREVEIFOEH
(2-39), @-3)HXZHNWT, RAWLLIVBEEILDT L -7 —)DEHEI NS,

N —_—
gm,, — (m)

mes

PO=m=l 255 (2-36)

2 S(e’m)

m=1
Z CZ TP RO ESIESEZ 0, HIX MO ERIEIUEZR 255 & LT, 0~255
D% & 5,
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3.1 Lol
BLIEHAREAVEIY 27 ACBNT, BE 2209 2 BB LT\
SHAIENBAEEMDL > DI 100 EZHEWEDEL B, L L, EHETOERIEY
BATRDEILES SHAEEDEIE. S BNRbDTH B, 2Dk, SHIlE
B DBE ORI, BIENL ¥ Y~ORIS L. BN BEEZ TS 3721 OO
EDDBE L RS, £ MAORBZHELRNE WS FIERED L, 2D, MK
2BOSERREDIMEREITITS 2 L2 WL T2 =0, BEOBBEN BEORE
Fik EPAER ORI OMET 5175 BEDH B, e
FROBEEEZZRLEESEHAR NES S 7 4 —EHY X7 AOBEE YT
IR T,

3.2 FHlmEES

X 3.1k, EBRKEHRARXPNES S 7 4 —3HY X7 ADFHAEIESEIEE 2 R T K
HREBKICBNT, 7707y ay Yz R =2 TRE LEEREE. BEHEE
RRICX D ERICERIW, —EERIPBEBHEIICHHGIND, /=, GHHILEZERE
EARNT =D Ny 7 7%l U CAIARIBIRICR S h BEICEIES W% AD o0
IN—=HIZ#ELND, RETAIEIEETIX. IV F 7L 7S OfifE, BLUEERIERED
FIBREENSVIVPLFSI LN TES, /2, 12bit D AD T2 N—% Z#H
LTBY IEEIESREHAGDLEZZIZED, BET 1254V OAREDHF S
N5,
AREHREIEEOEARMEEZE 3.1 IR UE, k. SEHAIREE, BLzoEz
e OFME U TIHR 2,

321 Ty riavVzil—¥

REHEIBICHET2E5HE LT, =X 7 RIEHKASHE Wave Factory
1946 ZHWzo. CORESRIE. Y 7 MafgER 2 F¥ X IVIHA. HHEEER
K 20Vp-p. HABESMREEE 0.1mv(IV L U )EELTED. RERS AT ATOD
BRI L+l LT WS DL EL B0 |

3.2.2 BEHMHERIR
AREHAERRICHEHE U - EESEERFEORREZKX 3.2 TR LUE. ARERRIRIE.
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op-amp ZFFHALERYST 47« 74— RN AR 2EZRAL TS, HHLE
op-amp IZ. TF VX + £ VX MVA LV IBKAESHE TLOTL TH B, ZDEHDOME
fElk. BABEEE L 18V, B —75 4> 2X105 Z)—L — h 13+ V/us(typ)
THbd. RRBEHICL D, BRZRITERBOA D 8—F XD 1kQF T, —
FEE 10mA OEBEFROUIEDEEETH %,

323 7ol -NFILIY

REHRIEIRRICHEHE LE7FOY - *IVF 7L 2 Bid. 7ol 581 2kRatt
B ADG406 TH %o Z DEBFEDMREIX. F ¥ > ZIVEL 16,10 b B 2 B E 120ns(typ).
ATHEHIB0Q (typ) TH b\ 8V 212 L B TTL A AIEETH %,
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1.25mV £ TORMFEDEFONDF V7)) UV EEITRAK 256kHz TH 5,

3.3 B
3.3.1 4 BrEEHAIAEAE

3417, ABFE TR 4 WEEHI ORI 2R Uiz o 2H0H QR
. EE0.19m 07 7 U NVEFFEERETH 5, BRICIIA T LV X 2HAW, &t
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T o BRI, ERICHANSGYZHE U EMELD S PR DGEAICHFE>THED,
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y k2 Bl it

4.2.2.1 [EEERICBIT 305
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T 3 Wz L 7= 39,

52 FHls

X 5.1 KEHAIY X7 LI K B A=V IEBRBOFHA A R 2 7R U 7z BHAICA
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Tomography Measurements of Suspension and Dispersion States
of the Polymerization Field in a Stirred-type Reactor
Kaminoyama Meguru, Nishi Kazuhiko, Kamiwno Mitsuo

Yokohama National University

Abstract
polymer products in a stirred-type reactor.

We measured, in a continuous manner using a tomographic technique, the dispersion state of suspension
We found, quantitatively, the relationship between the quality of the

reaction state in polymerization and the operating conditions, such as impeller rotational speeds and concentrations
of dispersion reagents. We obtained, thereby, information useful for performing suspension polymerization stably
in a reactor and, further, for controlling the reaction finely to obtain polymer products of higher quality.

. Keywords; Tomography Measurement, Suspension Polymerization, Dispersion State

1. INTRODUCTION
It was important to uniformly disperse the droplets of liquid
monomer in the whole region of the stirred vessel [1,2], so that
we were able to perform suspension polymerization stably,
~ which is a typical polymerization reaction method, In this study,
we applied the Electrical Resistance Tomography Method to the
suspension polymerization field. We utilized the difference in
electrical resistance between the aqueous phase, i.e., the reaction
solvent, and the oil phase, both monomer and polymer{3]. We
measured in a continuous manner, the dispersion states of liquid
 droplets, that is, the reaction states from the initial stage to the
~ middle stage, when the polymer droplets are apt to agglomerate,
" and through to the last stage in the polymerization. The
measurements of electrical resistance were made by electrodes
set circumferentially along the inner surface of the vessel. We
obtained, thereby, information useful for performing suspension
" polymerization stably in a reactor.

""" 2. PRINCIPLE OF MEASUREMENT :

Figure 1. shows the schematic ‘diagtam of the cross section for

V the measurements in a stirred vessel [4,5).  We set 16 electrodes
 at equal intervals along a Teflon ring with a diameter nearly
* " equal to the"diameter of the vessel (ie., 100 mm). We were

 able to freely move the ring along the direction of the liquid
~ depth.  We inserted the ring into the stirred vessel, measured the
voltage between the electrodes in the horizontal cross section and
reconstructed  the image of the resistance distribution
conespdﬁding to the dispersion state of the liquid droplets. We

* adopted the adjacent method for the voltage measurement. The

“horizontal cross section for the tomography measurement was
divided into 344 triangular elements. The change in electrical

 resistance from an initial state was determined for each element,
We used the index o % the variance, shown in Eq.(l) to
quantitatively evaluate the dispersion state of liquid droplets in
the measurement section from the image reconstructed by the
back projection method[4,5). The smaller the value of ¢ 2is,
the more uniformly the liquid droplets are dispersed in the vessel

3. EXPERIMENTAL APPARATUS AND METHOD

Figure 2. shows the schematic diagram of the experimental
apparatus used for the measurement. We used a glass vessel
with a round bottom, with a diameter of 100 mm and a total
volume of 1000 ml, fitted with a stainless steel, 6-blade,
Rushton-twbine impeller 50 mm in diameter The reaction
measured in this study was a suspension polymerization of

101

styrene. We began the polymerization reaction under the
operating conditions of impeller rotational speed, N, and
concentration of the dispersion reagent,C, shown in Tablesl-3
and measured the dispersion state of oil-phase droplets in each
condition. We kept the reaction temperature, T, at 353K, and
used a 0.01 mol/1 KCl1 aqueous solution as the continuous phase.
We used PVA or Cay(POy), as a dispersion and stabilizing agents
and benzoyl peroxide as an initiator,

4. EXPERIMENTAL RESULTS AND DISCUSSION

Figure 3. shows example images reconstructed for operating
conditions shown in Tablel under which the reaction proceeded

- satisfactorily to the final stage to completely produce high

quality polymer particles. We see that each image indicates a
uniform distribution of electrical resistance and that o2 kept
constant,i.e.,205.

Figure 4. shows example images reconstructed for different
operating conditions than the previous case, ie., a lower
rotational speed and a lower concentration of dispersion reagent

, Cag(PO,,)z shown in Table2. Though we were able to produce

polymer particles, the particle diameters were rather larger than
in the previous case, and the product yields were worse. This

- was . because - agglomeration occurred around the rotational  ,

impeller shaft in the vicinity of the liquid surface (Refer to the
attached phtograph). The images reconstructed indicate a
uniform distribution up to 120 min from the beginning of the
polymerization reaction. The value of electrical resistance at
180 min, however, was reduced in the direction of the initial

_ reaction stage due to the increase in viscosity.
 Figure 5. shows example images reconstructed for operating

conditions where the rotational speed is the same as, and the

~ concentration of dispersion reagents lower than the Fig. 4 case
"~ shown in Table3.
polymer droplets finally attached as a large lump of

Under these operating conditions, the

agglomeration around the baffles, and we were not able to
produce polymer particles. The images reconstructed indicate a
satisfactory dispersion state up to 120 min., but the image at 180
min. indicates cleatly the presence of the agglomeration in the
vicinity of the baffles. The value of o2 was very large, ie.,
6057.

Figure 6. shows the dynamic changes of o  for the reaction for
each set of operating conditions. We were able to obtain three
pattemns corresponding to the reaction states, (1) a good reaction
(Fig. 3), (2) agglomeration of polymer and no patticles (Fig. 5),
and (3) the case intermediate between them (Fig. 4).



5. CONCLUSIONS

We applied an electrical resistance tomography measurement
system to the styrene suspension polymerization and measured
the reaction states in a continuous manner. We were able to
Judge quantitatively, using the value of ¢ 2 calculated by Eq. (1),
based on the reconstructed image, whether the droplets were well
dispersed or not. We were able to obtain three cases of
reconstructed tomography images corresponding to the reaction
states, (1) a good reaction, (2) agglomeration of polymer and no
particles, (3) the case intermediate between them. We obtained,
thereby, information wuseful for performing suspension
polymerization stably in a reactor and, further, for controlling the
reaction finely to obtain polymer products of higher quality
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& A— j 0_2 = i=l
: scan direction n
(diameter: 100mm)

1~16:electrode position

Fig.1 Schematic diagram of measuring section
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Fig.2 Schematic diagram of measuring equipment
1-motor; 2-reflux; 3-thermometer;4-baffle(Zplates);
5-impeller;6-ring with electrode;7-stirred vessel;
8-temperature controlled bath;9-heater

Table 1. Operating conditions

volumetric fraction of
dispersed phase( ¢ )

impeller speed(N)

concentration of

the dispersion reagent(C) : 0.1wt%-water
(polyvinylalcohol)

1 0.1
: 8.0571

d) 240min. Photograph of polymer particles

c) 180min.

Fig.3 State of droplet dispersion at each time
under the Table1 conditions
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Table 2. Operating conditions
volumetric fraction of
dispersed phase( ¢) 1 0.
impeller speed(N) 158,
concentration of
the dispersion reagent(C) ¢ 0.05wt%-water
{calciumphosphate,

shaft

agglomeration

impeller

d) 24(]“ Photograph of agglomeration

c) 180min. sticking to shaft
Fig4 State of droplet dispersion at each time
under the Table2 conditions

¢) 180min.
Fig.5 State of droplet dispersion at each time

Table 3. Operating conditions
volumetric fraction of
dispersed phase( ¢ ) i
impeller speed(N) 218
concentration of
the dispersion reagent(C) : 0.0 lwt2o-water
(polyvinylalcohol)

Photograph of agglomeration
sticking to shaft

under the Table3 condition
10000 [
; I
| o —N=8.0s] o \,
- L |@Fiz3)  C=0.0wt% S agglolneration
< A ... N=5551 J
& Figd)  C=0.05wt%|
g ._-N=s5s1 | ¥
£ 1000 | ;
g 29 C=0.01wt% | Aceeen.. Bn
g '-"
i polymer particle
d-. C
l [¢8]
lﬂo L il L L
0 60 180 240

timemt) [min]
Fig.6 Dynamic changes of ¢ * for the reaction
for each set of operating conditions

Nomenclature

C: concentration of the dispersion reagent [wt%J
N: impeller speed [s7]
n: number of element [-]
t: time [s]
o *: variance [
¢ : volumetric fraction of dispersed phase [-]
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