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Study on the Improvement of Milling Recovery and Performance (V)

— Experimental Study on Rice Whitening Performance of
Jet-air Abrasive-Type Whitener —

Summary

The milling process is considered as causing one of the greatest grain losses among all
the processes in rice post-production. Major source of grain losses in the rice milling is
-considered as the whitening process.

This study was attempted to develop an abrasive-type whitener, the whitening chamber
of which being supplied by jet-air evenly and continuously. To investigate the milling
performance by the new whitener, three kind of emery stone grit (%36, #41, and #
46), and three levels of rotational speed of emery stone roller (950, 1070, and 1200
rpm) were tested. The jet-air abrasive-type whitener was also compared with the conve-
ntional abrasive-type having no jet-air blower in terms of their milling performance. In
addition, the effect of different combinations of sequential uses of the abrasive- and
friction-type whiteners on the milling performance was also experimentally evaluated.

The results of this study are summarized as follows;

1. In general, the whitening system combined with the abrasive type whitener with jet-
air supply, which was newly designed, and the existing jet-air friction type whiteners
produces more milled- and head-rice by about 0. 3% points and 2. 8% points, respectively
than the system combined with the existing abrasive type without the jet-air supply
under the same operational conditions. The former also consumed less electricity by
0. 024 KwH per 100kg of milled rice production and gave more milling capacity by
about 35 kg/hr. As compared with the conventional whitening system consisting of
jet-air friction type whiteners only, the former yielded more milled- and head-rice by

1.5% points and 4. 4% points, respectively.
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2. The abrasive roller having 46 grit emery was better than the roller having 36 grit in

aspects of milling performance and machine efficiency, in general.

3. With regard to the effect of combination method of abrasive type and friction type

whiteners, one pass in abrasive type plus three passes in friction type gave better

milling performance and energy efficiency than the two passes in abrasive type plus

two passes in friction type regardless of the designs of the emery stone rollers.

4, The increase in rotational speed of the emery stone roller from 930 rpm to 1200 rpm
presented negative effects on milled and head-rice yields and machine efficiency, but

slightly positive effect on milling capacity.
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Fig. 1. Schematic drawing of the newly designed jet-air abrasive-type whitener used for
experiment.

Table 1. Specifications of the abrasive-type
whitener newly designed and used
for the experiment.

Items

! Remarks
. Abrasive type with a

Type ' blower
Emery 13Revolutions 800—850 rpm
stone Size (LxD)| 230%178 mm
Feed [Size(LXD) 85190 mm
screw |PitchXdepth| 26X 14 mm

Shape Circle

Size(LXD) |258X210 mm

Slot size 122%1.1T mm
Screen :(lxt) !

'Slot angle |75°

%Opening 15.22%

‘ratio*

Type Backward-curved centrif-

Blower ugal fan

No. of vanes 8
Revolutions | 3200 rpm

| 1200 kg/hr(for 2-2.52% of
i bran removal)

Normal milling
capacity

Power requirement | 4—5HP

Total slotted area
* i o= 100
Opening ratio Screen surface area><
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Fig. 2. Detailed drawing of major units of jet-air abrasive-type whitener.

The emery-stone is sectioned diagonally to provide with perporated rings.
The hollow shaft with blow-in holes and blow-out holes is established in the

rotational shaft.
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‘Fig. 3. Schematic drawing of friction type whitening machine used for experiment
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Table 2. Specifications of the friction-type
whitener used for the experiment.

Items ‘ Remarks
# 2 manufactured by
Maker Myung-Jin Rice Manu-
_ | facturing Co. Korea
Friction type with a
Type lsuction fan
Roller \Revolutions |900—950 rpm
Size(L X D) 185X 86 mm
Feed screw(pitchx 24% 14,5 mm
depth)
Shape Dodecagon
Size(L x D) 260104 mm (D : Long
Screen dia.)d=100 mm

Slot size({Xt)|14.0x 1.1 mm
Slot angle 22°
Opening ratio*l 17.16%

Suction!No. of vanes [ 10
3,800 rpm

fan Revolutions

Normal milling
capacity

500—600 kg/hr

Power requirement ‘5—6HP

Total slotted area

*QOpening ratio= x 100

Screen surface area

—
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Fig. 4. Installation of strain-gauge for measuring the torque of the driving shaft.
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vExperimental ]
designation | G Cy Cu Cy
Abrasiye, ! Abrasive, Abrasive, Abrasive,
36 Grit ll 46 Grit 36 Grit 41 Grit
Whitener i i 4 d I
c e | - | Abrasive, Abrasive,
combination ; Friction ] Friction 1 ' 46 Grit l 46 Grit
)
| ) 4 4 ( $
} Friction ' l Friction ) E Friction »‘ l Friction ’
4 4 “ 4 { )
‘ Friction } ‘ Friction 1 i Friction i } Friction |
Three levels of emery-stone rotational speed was tried for each combinations.
(a) Experimental design
' Materials ]!
—_ Weighing input-materials
]—O'nmé Twice |
] in Abrasive |
l \ Measure torque of the driving shaft and milling time
ing a strain-gauge system.
Three times or J using r gauge system
I Twice in Friction
1 —_— Sampling(350g) —~Measure head rice recovery
i — Measure milled rice recovery

‘ Weighing ‘

(b) Experimental methodology
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Table 3. Properties of the brown rice used
for the experiment.

Items Obse\;tionsl Remarks
Variety lMilyang—23’ Indica-type
Grain Length(mm) 6.155 | sd=o0.1279
Sl.zeEWidth(mm) 2.560 | Sd=0.0994
Thickness 1.890 | Sd=0.0615
(mm)
“L/T 3.257
Bulk density(kg//),  0.794
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Head grains(%) |  92.43 I Sd=0. 0990
Sound grains 76, OO] Sd=2,1314
Greenish 10.72, Sd=0.4525
grains ‘ |
Stained grains: 3.77 Sd=1.0889
Cracked | 1.94  Sd=0.5940
grains |

Broken grains(#) | 7.10 ‘ Sd=0. 1414
Unhulled paddy(%) 0.03 ] Sd=0. 0424
Foreign matters(%)l 0.44 [ Sd=0
Moisture content .

(w.b.) ' 13.062%

Hulling recovery I 83.23% ’
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very (H.R.R.), electric power
consumption (E.P.C.), and milling
capacity (M.CA.)
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Table 4. Effect of jet-air blowing in abr-
asive-type whitener on whitening

performance.
I “lonq | Electric] oo
Milled Head ower Milling
Type rice rice rec- crf)nsvtxm—
recovery | overy ption capacity
With Blower 91. 91; 64.82]  0.974] 284.0
Without P1.59 82.02 1.049| 249.8
Blower '
Only 20.43  80.47, — —_
Fricition | |
LSD 54 : 0.14 1.08 0.07 28. 3]
Tg . 0.44 2.48 0.15 65.29

Lb BaA2HD BEEE 98

23 59 ERBIIA #Rd 6o B & A
i & Asduelq EEFER Himd 34
SES BIIE, TERKEE, BNRKE 2 B
feel AT Gee HHT Aol &bl ety
% o]g BTFE & FEusel wAe JPe
4siud st A,

1) Bk

% 5o dotd HaAad St BEFLIR Hokm
o EEEET HEKE] 2T 9EE uAx
e g 5 EEAeldl = BEFRC] & 2
=% Yegeh

Once in Abrasive +
Three times in Friction

Table 5. Summary of Analysis of Variance
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S.V. D.F r
M.R.R.’H.R.R. [E.P.c. | M.CA.
Total 23[
Main 7
plot !
Block 1
A 3' 29.000% 24.091%7.5981+%| 5391 2%
Error(l) 31
B 238.000%% 5.333%0, 1418-5| 25. 333%*
AB 6:12.667** 0.733%-5 0, 89785 3. 404%

Error(2) é{

Note ; A : Combination systems, 4 levels
B : Emery-stone rotational speeds,
3 levels
M.R.R. : Milled Rice Recovery
H.R.R. : Head Rice Recovery
E.P.C. : Electric Power Consumption
M.CA. : Milling Capacity
*k : Significant at 1% level
* : Significant at 5¢ level
N.S : Non-significant
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Fig. 7. Effect of emery-stone rotational speed on milled rice recovery for different emery-

stone grit and combination of whitener.
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Table 6. Effect of emery-stone rotational
speed on milled rice recovery for
different combination of whitener

Cw Mean

Ct G Cg

R, D 91.52 91,92 91,28 91.57 | 91.571
Difference ' N.§ N.§ ** N.S *x

R, VS R, [(0.18) (0.16) (0.63)(0.19)| (0.293)
R, 21.34 21.75 90.65 91.38 21.278
Difference N.S N.§ ok *k N.S
R, VS R, (0.08) (0.20) (0.34)(0.57)| (0.085)
R, 91,42 91,55 90.99 90. 81 21,193
Difference | N.S *k * ok *%

R, VS R, (0.10) (0.36) (0.29)(0.76)| (0.378)

@1.427 91.735 90,975
Mean * % « 21.252
(0. 288)(0.760)(0.277)
Note ; LSD between combination systems
5% :0.265, 1% .0.487
LSD between emery-stone rotational
speeds
5% :0.102, 1% :0.148
LSD between emery-stone rotational
speeds within combination system

5% .0.204, 12 :0.297
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Fig. 8. Effect of emery-stone rotational speed on head rice recovery for different emery-

stone grit and combination of whitener.
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Table 7. Effect of emery-stone rotational
speed on head rice recovery for
different combination of whitener

1 Ct Cp Cpm Cx | Mean
R, 83.80 84,82 82.88 83.28 83. 693
Difference N.S NS NS NS *
R, VS R, | (1.01) (1.05)(0.93)(0.13)| (0.783)
R, 82.79 §3.76 81.95 83.15 82.910
Difference N.S NS NS N.S N.S
R, VS R, | (0.78) (0.06)(0.66)¢0.30)| (0.450)
R, 83.57 £63.82 82,61 83.45 83.360
Difference N.S N.S NS NS N.S
R, VS R, | (0.23) (1.00)(0.27)(0.17)| (0.333)
83.385 84.130 82.477
Mean N.S * N.S 83.292
(0.745)(1.653)(C. 815)

Note ; LSD between
5% :0.841, 1%

©1.940

combination systems

LSD between emery-stone rotational
speeds

5% . 0.548,
LSD between

12 .0.787

emery-stone rotational

speeds within combination system

5%
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©1.095, 1% :1.573
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9. Effect of emery-stone rotational speed on electric power consumption

for different

emery-stone grit and combination of whitener.
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Table 8. Effect of emery-stone rotational
speed on electric power consumption
for different combination of
whitener.

Ci Ci Cg Cy | Mean
R, 1.05 0.97 1.23 119 | 1.109
Difference | N.S. N.S. N.S. N.S. | N.S.
R, VS R, | (0.05)(0.01)(0.02)(0.04) | (0.001)
R, 1.00 0.9 1.25 1.23 1.110
Difference | N.S, N.S. N.S. N.S. . N.S.
R, VS R, | (0.05)(0.01)(0.05)(0.04) | (0.010)
R, 1.05 0.97 1.19 1.192 1.100
Difference N.S&. N.S. N.S N.S N.S.
R, VS R, | (0.00)(0.00)(0.04)(0.00) | (0 009)
1.033 0.968 1.22 1.z202
Mean N.S *% N.S
(0.085)(0. 255)(0. 021)

Note; LSD between combination systems

59 :0.088, 1% :0.202

LSD between emery-stone rotational

speeds
59 :0.047, 1% :0.068

LSD between emery-stone rotational

speeds within combination system
59 .0.095, 1% :0.136
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Fig. 10. Effect of emery-stone rotational speed on milling capacity for different emery-
stone grit and combination of whitener.
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Table 9. Effect of emery-stone rotational speed on milling capacity for different combination

of whitener.

Cy Ch Cu Cy Mean

R, 253.75 284.00 217.05 227.75 - 245, 6378
Difference ¥ N.S N.S kK
R, VSR, (14.35) (21.40) (5. 05) (0.90) (10. 425)

R, 268.10 305. 40 222.10 228.65 256.063
Difference N.S ¥ N.S * ¥
R, VS R, (2.50) (14.45) (9. 65) (4.10) (7.674)

R, 276.60 319.85 231.75 232.75 263.737
Difference sk % % N.S % %k
R, VS R, (16. €5) (35. 85) (14.70) (5. 60) (18. 099

Mean I |

*
| 264.150 (38.933)

* |
303.083 (80.450)

N.S
223,633 (6.084)  229.717

Note : LSD between combination systems
5950 30.334, g1 69.966

LSD between emery-stone rotational speeds

59 :5.774, 12 :8,2%96

LSD between emery-stone rotational speeds within combination system

52:11.548, 19:16,592
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Fig. 11. Effect of emery-stone grit on
milled rice recovery (M.R.R.),
head rice recovery (H.R.R.), ele-
ctric power consumption (E.P.C.),
and milling capacity (M.CA.).

Table 10. Effect of emery-stone grit on
whitening performance.

Milled | Head [ Electric(y :11:
Emery- rice rice power Milling
stone grit |recov- |recov- |consu- P

_ . ery ery | mption capacity

Rough(36Grit)l  91.43] 8a. 39[ .03 264.2

Fine (46Grit) 9174 84.13  0.97| 303.1
LSD 54 0.19 0.76 0.03 18,50
19: 0.28 1.09 0.05 26.31
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