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Fig. 1. Schematic diagram of experimental apparatus
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Fig. 2. SEM and CAD images of potassium sulfate single

crystal changing with time
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Fig. 4. Time evolution of attrition fragments number, Nr



MR DD THEPBARE IR ESEINL, $ws
12 LARE CITH IO RE EE I TRE0M T2 D, — 7, Bl h
VD AT HRBR LA D 20 REE DL ERGE L TH N3tk ~
[HIINLAGE T D e o Te, EBIZ, AU/ Tl
FERMNKELIRDE N TN T 203, HREEA VY A4 (A
DFFRGEMTIE N ICKERAZBIT RN e b0
-7z,
3. 5 EfMEEROAENHE Gahn & Mersmann @
ERERETILEDLE

Gahn and Mersmann (1997, 1999) 1%, 4@ B3R #2
70 & it ol KO\ MY B D - L T i O £ AT 22 LA
DHISNDEEFEBSIC W T, B S i Hsns
Rittinger DIEHNZH EDWT, B DARKIZ KD H 7212
RS ND R EREORANT, fifIcAmINzO0d AT
X —ZHBFITHEL T, BT T VAR R LI, kG
s DRI TG SO B, S FVE Y b — A H, [N
/MR, YU E [N/ m?), WRER K, [-], BEERGL T
[J/ m?], BWIPESE 4 [N/ m?], REEIRERER of-], SHIZIE
BRI —W, [WREICEoTRESNDEL, EEfE
s S D/ VRIS Linin (D)3, BRI Lo (),
RIPA, BEOWE B EEE TR 287 L4
L, FERAVMGEDIT 7,

L = 32 4l
m 3 H’K
" 1)
. :l(HzeKerW »
max 2 1_, p
a (2)
HS 3
N=7x10"* T_w,
(l[l3r3 p (3)

By —AS H, Y7 E OETHEIESNS
MELOLAXIZH ESWTRIET VO FEEIH X0 S
AL, 15 < E/ H, < 100 23 I e fif &S, 6
WHFESROMBP UL L THESNTND, — T,
A UFEBFZOREROE AT 100 < E / Hy L7020, (555K
WeraZezssh A~ T, HLIIIEMED TR, Rittinger B
b E K FET /UTEH TERV, E/ Hy < 15 DH
L, AREARENIIUTESEL, AT ECRET L
ST, 7eds, AAUAEERC, ARG ICLD B

HZZTHY, FEEICITAMICHE ST TEHb 0TI
W, AV LB XDV aw /L, ZNENE/H, =
44,28 THY, [FTT /L O FHPHICHEYS 5,

Figures 5 (2, ilEA VT O EEFEMGE SRR dr [m]IZ
R0 BFEFEBEEL 04T C, v [T, Gahn HOEEFE
EFL((1), Q)F)ITHESNTEHELT Lnin BED Linax
EHOE TR TR, 728 G, v 1%, BEFIIZIESH DL
HA 2 ONT=D T, EBEENET EAL 0.5%% v LTz
2T, S ERESMZ IR LA L T D,
Hy, Ky, T, plZOWTIE, D TEEMRE C (=2/3 (H,?
Ko/ p D)) EEFEL, MEEHIVT AL C = 3.1x10° m*? /
N3 ZH\ 2, Gahn HOFT/VE HWZEE T, fEd
LA IR PR O Sl J8 T2 50 D EREL T,
B2 — W, H LT,

R, BEREMAE O RESITBBEEH~+2 um
THY, WilEIVT 5O TFINKERL B S ERET
BHZENDND, 30-300 pm OFEFHORI 1T E-7-<BE
ST, BEREIGHE SRS 400 pm LA_ETHARERE S LI wE
(TR T, IR > TORNWZEN DD, B
UV, BRI VT DT IUCIBN T, HERAN R
DERRIBEDIEHE D32 T2 DM 3 D08, BLKE A
TlE, BIIHE Vip=nnd [m/s]E Py (= P/ p n’* d°) [kW
/ m¥|DE BB EFEBIEN TR O IIA R I &R
U, BREEA VD AT, SHAPRE TRV AT, /&

[n*ex Lmex
/ DO=0.1Tm O0=0.Tm D=0.2m
min| »=8.0s"' n=10.0s"! n=6.0s"

~
/
B < \ s’

[n*ax

~

\
3
O
[
[
[]

-]

4
[
T

v v

o
o

R C

1.0x10*  15x10° 2.0x10°*
I1E d [m]

NP2 ——
0.0  5.0x10°%

Fig. 5. Cumulative volume frequency of attrition fragments
of potassium sulfate compared with Lmax, Lmin estimated

from Gahn and Mersmann’s model



PR EEREME b & KB CEDRRIEICREL, TRV
IRAE M BEEST,

Gahn HDOET INZLDE, T KRR L (KT D8
BRESRME OB IR RN — DR LTS,
BEERPIAR TS viip (I U C L [ EL R, FiFR A
U LTI Z LT Lo DET /L PHIE S TR BT
BBEE—ET D, —F5, Lin 1THE RO EHREIED 2212
K7L, Uam R L U CHEEE A D LD 5 D3R EL
720, EBRIEO K/ NIV LAV BHHL 00, BE
FPEDZERIZIDENERBITETNDENZ D,

3. 6 ERMEROERRELSEROERLE K
D&k

TV S LRI, BRI VT IO T BRI
B OO 2E B P L RS i O BRI L 1T, B A BIfRL T
HEZEZOND, £ZC, MALRFRICRERS S 1 EBAR
SAVDIRE b O ECA BEFEORE T AR RO E By, [s71]E0E
L, By p & ra OPARA RS SFEEH, fRARSIFS LITHERIL
721, M% Figure 6 |Z/" 9, ZZ°C, Figs. 3L 4 RLTr,
& Ny DFREFFZEALIZOW T, TR DA B IR,
PRS- L D BEFERE SRR 34T 1T Fig. 5 /R U7 g
SR U Tz A LTz, AT &2 Bep, 1ay 1, DT
DUVWTHIEZ B ERIHTEITO@), (5)XNE1EH,

VRE AV e

Bf,p =447 ra—2.21 nl73 D303 (4)
Wil 71U 5O
Bf,p — 0.622 ra70.718 nl.47 DO.638 (5)

Al 7 IZBWTIE, BUa S LOREE D 5O TFH
By, p WREL 2o TEY, FBEAVDT LOTTH, BEFERS i
ARSI T WZEN DD, £z, r \ZxT 5 B, D
IR VT DD T HFERTHY, WREEIVT NI
Vg BT BREL 72> TH RS SR S A B
SHET DT EN DT,

FERBHAART DR STY, RSO MITTERITHR ST
LT TRV, 22T, ANRRIfEMRICHEHATES
Gahn HDET /L(3) ULV F H S UL EEFRERGRS i E 4 N
ZREHUIE (wy = v EIE) o ZORER, TEREIFITIET
THRER AV LTl N=52~119, HVa7 /3 Tlid N=415
~935 OFAFAL/RY, EERICIDAEMFEOZERE, KN
ROWHLET D, ZIUL, (4), (5)RE ry D/ ST [A]~FE

001 - -
001 01 1 10
7, [%]
crystal D n crystal D n
© 0.1 10.0 0.1 100
e K80, 0.1 80 ‘f"l'jﬁ%’f 0.1 80
. 02 6.0 Y020 6.0

Fig. 6. Relation between By, , and 7,

X EEARDAFEL, Bry DT HZE0H A TES,
BEHRBRAART O BRSSO BEBRLLE 1 % 0.02%EEL, (4),
G BHERINAMAE B ERGEEZ Bepoo [s]EER
T5E&, Brpon l% Gahn 7 /UIZESD N O FHlfEE B X
Z—ET D, Thbb, ffmOANKSTWDEEE LS
B, A0 8 ORI A B EE DS R E WS,
i B OO A D FEPR IS ELT D Ll 71V 7 O FERL 1A ik
HEDHNRELILD,

Gahn HOEEFEET VX, fEdh OMEHREL B L T
ET WALE R TS FRCREBLEREOD, fdmO A5
F TR TODZEABERERDOHTRE L TVD, U=
— A AN TR R AN R 72 D L EEIRIC S0 RERE &
DI AEH ODZ T2 DD, FEEEO BT EETIX
i An I O AR LA OIEEBEED, D70, RIFFED
FEFRR Gahn HOET VA BT H 2821, B
B LD A DEEJRDOFEE L, RIZRD A DEERED
NI AL EBETDUENDLES 25,

4. %

AT CIL, FEEIEE P CORFREME TN T, g
TV B & AU a7 8 B O EEFRIC L0 A RS
MDA L DRI oAl LA DR, 72D ONTRERS
ERASHIDIT AT, T 70 b BEIR B ORI Lo E Bk

R 1]



s

VTN THE, BERE R O BRI E R TZ IR O 3
HITH TR, BRIRIATE &R B2 AR PR B A T
BITREIGIIL, MmO ADNAEHNDEEBIZ, £
DOHENNIFERDNC 2D, — RV Y LTI, RGO
BRI ET s O A THEICES, ZOBBELHIBND,
FEIRIAFE SPGB O Wb HUam T RES,
BEFRERRE S RGE L TH IR & ISR 52 L v b o
77

B — R G 2> D OO BEREAORS fh O AL BGR BRI, RS A
DA MMAZH NDDIZES 2V AT L, B b
RFE D BRI G LRV AR BIME RN D Z e Do T, it
B 710D NI Va0 /80 & LN CEERERRS S S A S L
R, SOITEEPRLEN K EL 2o Th BEFEMS 0 A
RSV T A etz

ERGES

A, B, C: fEEmOBEOES [m], By FHES 1 HSOH
LA RGREE [s7'], b PRI [m], Cuv: FEEFERHE S D
BRARSEL [, & 3£ [m], D: f8EE [m], dr JEEFE
PSSR ORI TR (M), Lona: EEREBORE S ORIKIEE [m],
Luin: BEFERGE S OB/ NRIEE [m], n: HEARE IR
[s7'], Ne FEPNOBEFEMGE BOMEEL [, ra FEAEROE
PRI [%], & SEERRER [h], Ve BREE SO BRI
[(m], Vo: WD RERS S IATE [m]

5| FASCRR

Gahn, C. and A. Mersmann; "Theoretical Prediction and
Experimental Determination of Attrition Rates,"
Chem. Eng. Res. Des., 75, 125-131 (1997)

Gahn, C.
crystallization processes Part A. Attrition and

and A. Mersmann; "Brittle fracture in
abrasion of brittle solids," Chem. Eng. Sci., 54,
1273-1282 (1999)

Misumi, R., R. Nakanishi, Y. Masui, K. Nishi and M.
Kaminoyama; "Lagrangian Numerical Simulation
of Crystal Particle Impact in a Stirred Vessel,"
Proc. of Second Asian Conference on Mixing, pp.
269-275, P261-269, (2008)

Misumi, R., S. Kato, S. Ibe, K. Nishi and M. Kaminoyama;

"Highly Efficient Evaporative Crystallization of a
High Suspension Density Sodium Chloride Slurry
in a Draft-Tube Stirred Vessel in Continuous
Operation," J. Chem. Eng. Jpn., 44, 240-246
(2011)

Misumi, R., S. Ibe, K. Nishi and M. Kaminoyama;
"Population Balance Simulation of Crystallization
Including the Crystal Attrition Phenomenon
Caused by Particle Collisions with Impeller
Blades," Proc. of 9th World Congress of Chemical
Engineering Incorporating 15th Asian Pacific
Confederation of Chemical Engineering Congress
(WCCE9&APCChE 2013), pp. MoP-T1-101, 464
(2013)

Misumi, R., K. Kato, T. Higashiguchi, K. Nishi and M.
Kaminoyama; "Measurement Method of Size and
Total Number of Attrition Crystal Fragments in
Anti-Solvent Caused by Crystal Particle Collisions
with Impeller Blade," Proc. of International
Workshop on  Industrial
(BIWIC2015), pp. 265-274 (2015a)

Misumi, R., H. lijjima, S. Tomura, K. Nishi and M.

Crystallization

Kaminoyama; "Effects of Particle Property on
Particle Collision with Impeller Blade," Proc. of
15th  European Conference on Mixing, pp.
240-245 (2015b)

Tomura, S., R. Misumi, K. Nishi and M. Kaminoyama;
"High-Speed Video Camera System Synchronized
with Impeller Rotation For Direct Measurement of
Particle Collisions with Impeller Blade," Proc. of
15th  European Conference on Mixing, pp.
339-344 (2015)

nigg, A, =M, 28, B2 "B
LU VA DT FRPIR A~ DRI EH 7251
TR AEROTERAL," AR FREFRF
6 [A]F IR Z 2, 013 (2015)

N, =, b1, 23 "(W205)BEHRPIAR ~ o & i
FUTPED MRS i F8 28 B R D B B S A %
BROWERIROE " [EF T FRF 48 1]
EX it 2 5%, W205 (2016)



HIZR, BN, =, B "BRERPHIRASORER YD VERIF DR HAMERFRA 68 2, 0-11
Lt DRI ED BEFEBL R KT LR R (2017)



No. 1622
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Summary

Stirring operations in a crystallizer often induce crystal particle abrasion caused by particle collision with
impeller blades and subsequent secondary nucleation. This study developed a method for measuring size
distribution and total number of attrition fragments generated by crystal collisions in a stirred vessel filled with
anti-solvent (silicone oil) using potassium sulfate and potassium alum as the model crystals. Both of model
crystals dose not dissolve and agglomerate in the oil. Therefore the change of the parent particle shape and
attrition fragments caused by crystal collisions can be observed clearly.

A time series of SEM images of both the abraded parent crystals and the crystal attrition fragments were taken
during several tens of hours. Time evolution of the total number Ny and size distribution of attrition fragments
were analyzed based on an image processing algorithm using MATLAB® program. Furthermore, abraded
volumes of the parent crystals were quantified using CAD software by modeling the abraded crystals. The
relation between the generation rate of attrition fragments By, and ratio of the abraded volume to initial volume of
a parent crystal r, were examined.

In the case of potassium alum, Ny and r, increase rapidly just after the stirring started, irrespective of the
impeller speed and vessel size. Then they saturate about # = 20 h.  Attrition fragments are generated mainly
from cones of a parent crystal. In the case of potassium sulfate, Ny and r, increase monotonically with stirring
time until 40 h. Attrition fragments are generated from cones and edges of the parent crystals. In both the
model cases, The attrition fragments generation rate By, decreases drastically as the parent crystal cones roundness
increase, and was found to be correlated with r.. By, of potassium sulfate is larger than that of potassium alum, and
changes loosely with r, compared to potassium alum. That means, it is important to consider the roundness of
crystal cones when the generation rate of attrition fragments is estimated. And the attrition fragments from

potassium sulfate are generated easily, and are continued to be generated longer compared to potassium alum.



