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Air Classification of Buckwheat using Impeller of Turbo Mill
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Abstract

It is difficult to pulverize the buckwheat, which is consisted of about 42% of hull, using the present
manufacturing process. Therefore, this study was carried out to pulverize buckwheat into fine or super
fine powder, using the Turbo mill, which can pulverize and classify at the same time. The turbo mill
is developed by the cooperation between Kangwon National University and Korea Energy Tech. Co.
Ltd. When the circumferential velocity of impeller is 100m/s, and the buckwheat is supplied at 18kg/h,
above 98% of buckwheat is pulverized into ultra fine powder, of which the particle size is smaller than
1~50 um. The optimum circumferential velocity of impeller and the optimum feeding amount can be
estimated, analyzing the specific surface values of the analysis data of particle size with the response

surface methodology.
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Table 1. Physical properties of buckwheat used for
milling experiments

Item Observations
Moisture content(% w.b) 13.5
Grain(%) 554
Hull(%) 41.6
Broken grains(%) 3
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Fig. 1. The Basic Principle of Centrifugal Classification
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Fig. 2. Pulverization zone of Turbo mill.
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Fig. 3. Turbo Mill for Classification.
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Fig. 5. Photograph of Turbo Mill.
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Table 2. Experimental design for Turbo mill

Experiment no.  Process variables Coded variables
X1 X2 X1 X2
1 18 80 -1 -1
2 18 90 -1 0
3 18 100 -1 1
4 24 80 0 -1
5 24 90 0 0
6 24 100 0 1
7 30 80 1 -1
8 30 90 1 0
9 30 100 1 1
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Fig. 6. Accumulation chart in the 80 m/s circumferential
velocity of impeller.
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Fig. 7. Distribution chart in the 80 m/s circumferential
velocity of impeller.
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Table 3. Particle distribution in the 80 m/s circumfe-
rential velocity of impeller

Circumferential velocity 80 m/s of

impeller
18 kg/h 24 kg/h 30 kg/h

d(,,) um 32 3.45 34
d(,s) pm 85 9.2 8.9
d(,,) um 314 40.4 55.6
Yield rate of ultra fine

powder (%) 93 91 89
Yield rate of fine

powder (%) 94 93 91
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Fig. 8. Accumulation chart in the 90 m/s circamferential
velocity of impeller.
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Fig. 9. Distribution chart in the 90 m/s circumferential
velocity of impeller.
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Table 4. Particle distribution in the 90 m/s circum-
ferential velocity of impeller

Circumferential velocity 90 m/s of

impeller
18 kg/h 24 kg/h 30 kg/h

d(,,) um 3.1 33 3.6
d(,5) pm 83 8.7 9.3
d(ye) Um 312 383 41.5
Yield rate of ultra fine

powder (%) 925 91.5 91
Yield rate of ultra fine 03 03 93

powder (%)
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Fig. 10. Accumulation chart in the 100 m/s circum-
ferential velocity of impeller.
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Table 5. Particle distribution in the 100 m/s circum-
ferential velocity of impeller

Circumferential velocity 100 m/s of

impeller
18 kg/h 24 kg/h 30 kg/h

d(y,) Um 29 29 35
d(gs) um 7.2 79 8.8
d(ge) Hm 16.7 30.8 335
Yield rate of ultra

fine powder(%) B %3 %3
Yield rate of fine

powder (%) 98.5 94 94

|
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area)?] #r& Table 6 YERIAAL, vide] gt &
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Table 6. Experimental data of various variables for ultra-
fine fraction of buckwheat
Exp. No Specific Surface Area(m?g)

1.32

1.34

1.56

1.24

1.3

1.42

1.27

1.21

1.26

=R R i N N R S

Table 7. Analysis of variance showing effects of treatment
variables as linear or quadratic terms and interaction
effects on response variables of buckwheat
Specific Surface Area(m?g)
Regression DF Ss" R’ Pr>F

Linear 2 0.066 0.716 0.0094
Quadratic 2 0.008 0.083 0.1532
Cross 1 0.016 0.168 0.0300
Total Model 5 0.090 0.966 0.0200
X2 3 0.054 - 0.0209
X, 3 0.051 - 0.0226

SSY: sum of squares of residue
X,? : feed rate(kg/h)
X23) : circumferential (m/s)

FTEEY B HAEEE HIAA n)E A H)
HEo] vXE FFS Table 69 ZAAZE nlgo
< AH8-3te] E413le] Table 79

AZAT RYE 7FdE 2] A8 duht
& He AS FH3S FA |t HEZHAAA
o] ARAFRY= 09669 W F& FES B
=0, A4 48 Xlo] B& FEL By A5
o 2 A3t B& 1 & F YUk /e 2F
(total model)oﬂ A frel FEPePRAe 0.027F vst
=), ¥Hg Z¥o] Pr<0.05°|E8 FAHOE {9
6}3}1 AT+ USdoh

H A JFFE v 8]l
Xy B4 HEEXy)e 7o FEPoREe
7+ 0.0209, 0.0266°] ok 7PgE ¥R RFHo]
A @l FE F Qlvh F 98
M&ze] hEe] P<0.05E 7HgE it
Ader frelsivta AHdE 4 gk

Table 82 #3271 A& %%%}
% W3 Al v EEE gk o]x}
2 YepiIch o714 Z Al B[R
FE vAE SAME B AEs %
2 Agstar e oteio] 372
=9 AlF gkl 0079, €8 FUF]
0.0727} vtk Ad| 3Hg Bl e o
&5o] Alg o]l 45 FFF AT %
Ang HgUAe 2 A&t 9 2

A g5 9

or1r
N o

°E
T
oo

ot £

o]
2 g
offl &%

oo

2}

=l
o
o »
p
tot g
:Héd
1>

rE o
R
2
ri

0,
o oy O 1 [0 of o P

_>L

it
wE
2 oo

X
T
R

N )
o

Y=3.836+0.0715X,-0.0792X,-0.0002X,2-0.001X,x
X,+0.0006X,} )

el oA A FEHe HEHEd o

o
B

Table 8. Model equations fitted by multiple regression for
dependence system of specific surface area(m?/g)

Specific surface Parameter estimate from
area(m*/g) coded data
constant 3.8356 1.2789
X\ 0.0715 -0.0800
X -0.0792 0.0683
X/ 0.0002 0.0067
X, XX, -0.0010 -0.0625
X, 0.0006 0.0617

X,V feed rate (kg/h)
X,? : circumferential (m/s)
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Table 9. Stationary point from the canonical analysis of
response surface for the super fine fraction of buckwheat

Table 10. The Ridge analysis of response surface for the
ultra-fine fraction of buckwheat

Stationary Point Eigenvalues Coc_ied Esﬁmated response Uncoded factor values
o} ®,’ radius  specific surface area(m*/g) X0 X,”
1.3161 -0.007460 0.075794 0.0 1.28 24.00 90.00
0.1 1.29 23.57 90.69
02 131 23.17 91.44
HA 2AL o237 Yot AE %4?& A= 0.3 1.32 22.80 92.24
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