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WUNLOP BOONRONG.: THE STUDY OF PARAMETERS AFFECTING
ON PARTICLE SIZE REDUCTION OF TAPIOCA STARCH IN DRYING
PROCESS THESIS ADVISOR : ASST. PROF. SUPAKIT ROOPPAKHUN,

Ph.D., 167 PP.

PARTICLE SIZE REDUCTION/TAPIOCA STARCH/TIP SPEED/ENERGY

INDEX/FRACTIONAL FACTORIAL DESIGN

The objective of this research was to determine the parameter affect to a
particle size reduction of tapioca starch. Involved with design, fabrication and
installation on factory to produce tapioca starch. For test method the flow of air
through with reducing machine is constant of 60,000 m*> h'. which are consisted of
five parameters; type of tapioca starch, feed rate, moisture of material, type of blade
and tip speed of blade. In addition, this machine was installed on drying process. The
test material used as native tapioca starch and modified tapioca starch. The energy
was measured by kilowatt - hour meter. A bulk density to analysis with tapped bulk
density equipment and analysis a particle size with sieve analyzer. This research was
conducted under a factorial design, which is the most commonly used method for
screening the primary and the combined effect of each factor. It was found that the
strongest main factor influence to a particle size reduction was type of blade, followed
by tip speed of blade, type of tapioca starch, moisture of material and feed rate
respectively. It was found that a particle size of native tapioca starch after through
from reducing machine with flat blade type, particle size cut off on D80 were decrease
from 69.1 micron to 54.7 micron and the tapped bulk density increased from 575.1 to

720.5 kg m>. And modified tapioca starch was found particle size cut off on D80



were decrease from 56.7 micron to 49.9 micron and the tapped bulk density increased
from 575.1 to 703.7 kg m™. On the energy consumption was found that tip speed has
to significant influence followed by type of blade, type of tapioca starch, feed rate and
moisture of material respectively. And the energy index for native tapioca starch was

9.5-12.9 kW - hr ton™! and modified tapioca starch was 9.2 - 12.5 kW - hr ton™
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q
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AN ANUFUNNIEDYVUNUNIUDIIAAILISINYS DN HazonsIMsseverzilasuulastion

a
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mmﬁmﬁamumm%uﬁaﬂm mqmw{]mmmmﬁuaﬁummﬁm mimﬂmmm%’auiumq

q U

dy Y @ ¥ A T a @ I @ Y A A A
uﬂ%gﬂi%qﬂﬂUﬂWiﬁglﬁ‘(’J“LJ']“V]Lﬂ']gfJQUuNQﬂJﬂQUﬂﬂLﬂUWﬁﬂ UAZHANY AD TSYSNTIN 1150

] o I ] dil dsll [ o dy a 9
F1OATIN I TZIHEana 1HuFMITzMeanusuoenaIn e luile Jag ludeummuuen
é =% Y dy = A @ a Ady [ A 49!
FaloNTINTIZHENEUIN ANNTFUIZTAAAIIUDIYADNAT HAZgUHNVOULDTAAILINNUY
24q9
1 y v A v . .
natinszuaumsouniantlsdien3 o9 uUR UM IMEaY (Pneumatic drying)
a a 1w ° o o a I 1
Hlszansnmge Aunuasaundad g lasuanuieniuediannluTsanugmannssy
LY v a A [ 1 dy A o Y o 1 =
uilaiudlzvas Taedszaninmaesszuudinanil Wedumseunriaiagas q nseuiey
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@1519% 2.1 Performance data od Pneumatic dryers

Metallic Adipic
Detail Point Starch Fiber
stearate acid
Method feed Sling Sling Screw Distributor
Material size Fine Fine 30 Mesh 6 mm
Product rate kg/hr. 127 6005 4537 1184
Moisture % Initial 66.7 51.5 11.1 165.9
(bone dry basis) Final 0.5 14.9 0.2 11.1
Air temperature °C Initial 140 150 160 400
Final 54.4 50 65 110
Method of heating Steam Steam Steam Oil
Heat consumption, kcal/kg.
1205 1014 1333 955
Evpn.

Air circulation No No No No
Material circulation Yes Yes Yes Yes
Fan Capacity std. m’/hr 2448 45058 16153 21254

Installed Fan HP 15 220 65 60
Product Exit Temp. "C 40 35 48.9 60

11 : (Bureau of Energy Efficiency, 2006)

23 vngeymavaudanlaiua)zyia (Particle size)

wa

231  Auaninvedaynn
AuauidvosoymInralsialianudinydonaaiiavesnaniual (Davies,
1984) Fa1lszneudae vinaveseyna Ui v Ay anunds AuTUIANIA
U 499 Tﬂﬂﬂmanﬁammﬁmmmgmﬂﬁmmﬁﬁty wazddaIniga M1 "size" YOIHA

(%

I 1 o o (% 1
vaooymailumstsuenta " dnlFlumssuunianuiany nioTzyanyUZYOIHT
Y] a 1 o o [ 1 3 ]
mstlszguaiyinsanndmsuigaeymaszteinums vuaisegiulaglszuunis
1 [ < 1 1 yw
Woona1 1.0 i, (50 % vosiaalivuiaanninuuianals uag 50 % lvuialua) uenaniida
! =< =) . 9 v =
NA1ID4 "ANNAZIO8A (Fine)" LAY "ANHEIY (Coarse)" G1HTUHY (power) UANUNe1811 11
o a @ 4 {
msadmnasgiumstuuneymaluulwaasuel auas1en 2.1 LaasuuIArIaYN1AATN

VUIAVOIALLNTI FIR11UA TAY British Pharmacopoeia referring to standard @Hﬂm‘l’imﬂm%’i’ﬂ
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lumilssuawas vieliaawas oynnazideataziBeaninialuniielyInswas vioun
v P f 4 1
Tuwas 1o ndorduonuzup90Ian15521 119U 52me 1oN15U1ATF U (ISO) WY SI
o @ o & <3| 4 o °
185umssuseslunaredszina duiuvaeynineauaauiumasiioinissiuiunis
a A 1 o 1 < A a A A
Aranssy nielunineluTaswas Taeduunamsiuan q Anseunguliawing wieile
9 A o o W o Yo a Y ] ~
adna anulisdidyiiiuvese s o1 lasumsnnsanldeglusreiminzau

% @ a F) [ o A
‘UNﬂ'lﬂJ’ﬁﬂ;‘gﬂ!‘ll@ﬂslluWﬂ‘l’]’Jul‘lellfNﬁuﬂWIﬂﬂﬂmmiﬂ'm'l'i!l,ﬁﬂ\ﬂﬂuﬂﬁ']ﬁ‘ﬂ 2.2

A o a Y [ J
13190 2.2 ﬂ]u?@‘ﬂ]llﬂsl]@\iﬁUﬂTTﬂﬂﬂﬂ!cﬂ@']W"ﬁ

Commodity B.S.mesh Microns
Rice and barley grains 6-8 2,800-2,000
Granulated sugar 30-34 500-355
Table salt 52-72 300-210
Cocoa 200-300 75-53

Icing sugar 350 45

41 : (British Pharmacopoeia referring to standard, 2000)

o <
232  anvazveulauil
{ ) A ' < 3 4
udfsfinunaldlusssuaavgnveglugiifiautdls (granule) vuraidn 1io
[ < a 1 9 vy 4 9 4
asrvganyuzvoulaniliriiag e o A1endeaqanssmLUUEITUAT 1AzNd0999aNs TAL
ad T = J % ~ 1 v é’ (Y 1
puuddnason wudlaudsliviaglin wazdnsazivanaianu il Iuediunnasveuils

S @ < a 1 @ {
UU aﬂymzmmmmgﬂwuﬂmq dl| Llﬁﬂﬁﬂ\‘m'l‘ﬂ\‘lﬁ 2.3
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A 1 < a '
ATNN 2.3 Gllu']ﬂLlaz3ﬂ§1ﬂm@ﬂ!uﬂllﬂﬂ‘b’uﬂﬂ’]ﬂ 9

unaudly g (luTaswag) 310919
9 = 1 Y
117013 2-35 nay ADUUINT
9 = a 1 Y '
11710 5-25 nay LUy Urnanamasy JUsnaaenna
Y Y a d'
11217 3-5 U Uraemaoy
9 J Y '
117113108 2-35 nay Aae e
9y = =
119719 15-35 nay LY Urnatamagy
Py o4 = =
117700 5-8 nay LY Uranamagy
i2'l5ed 10-50 naY AOUINSS
A = =
qniAeY 8-20 nay LY Iraiamagy
" ' 9y A
Triticale 2-35 nay AoUIINT
WA 15-121 naw 31 Tunndenldennes
v o [ Y 1= (%
udnlenas 5-35 naw ade lilisouda
Wneneson 13-70 g1 1y
A1) 15-65 51U luliso0da

nn (Maningat and Seib, 2006)

A Ll &

Ao o A < =1 9 A [ ~
AUANUANGN ﬂJ@EJNﬁ‘LNﬂJENLLﬂQ 19 LN@LLﬂQ%ZNTﬂﬁQﬁiN NIvANHUSN
=} ' A ;| 4 . . ~ &£ A ~
138N ”lmﬂaumw (birefringence) Gﬂilgﬂ‘ﬂ 2.4 FUANUA NI TUMTIDIUUUTSUILLE
o a 4 @ v o { o ] .
Twalsd 18 nagiammnumneldueasInanlss gadavesninumazaanuNdwmiie hilum

v 9
ﬂl@\?!ﬁﬂllﬂ\‘l Lﬁmlﬂ\‘lg\iﬂ‘igﬂﬂﬂﬁjﬁﬂﬂzqmIa’d uazaz“lﬂamﬂ@u 2509020 U TuuIAIRIN

P
v A < A

furveudiauts edesgiiaudeniolduasInar lsdiuiidanelndaudaazidludiums

9
[ (%

A a s A ] @ 4 1 A
[RAYUVIITT1YNDALNDT Lﬁaagiuaﬂymzmmﬂ ‘H%’E]GUHWHﬂUiZHWULL’dQI‘WﬁflTM umﬁmmﬂ

9
Y =)

dy a < I 9 9 [V a 4 ~ [l [ [ g’/ A

WuW?ﬂ@QLMﬂllﬂﬁlﬂulﬁuIﬂﬁ ﬂ\iuuﬁ]ZNﬁ1ﬂW@ﬁlllf]ill1\1ﬁ1ﬂﬂ1ﬂ@g1uﬁﬂﬂm$ﬁﬁﬂ1ﬂﬁiﬂ
@ Jd o a < ' 1 1

Gllu’luﬂﬂi$u1ﬂllﬁﬂiwa1hli“h' WWiﬁjﬁ13J1§ﬂUﬂ§$u'l'ﬂllﬁQ HAZIUNIT AT INNUDILEAINTIU
. . o A 9 = d,dﬂf 1o < o

114 nicol prism AINTDY mmmmmm"lmﬂ‘%ummmu@gﬂﬂmmwuwmmmgﬂd MUIU AL

N159RI38IAIVON crystallite



16

{ @ a = < o o [
1 2.4 dnvazmsdaszuuuasInan lsdus o hisws woudveudautlauiudulzwds

9
Y 4 a o
GLERERG A3509 1AL uﬁeﬂg ﬂﬂ:ﬂaummu, 2546)

o Y =® <
233 anvazlaseaananveadiauile

A < = g & . . a ad o A g =

ieenindiautedi Tassasiaily semi-crystalline Ao Unsaundunan uag
1 A g o A a 4 = Y] a o 1
druiivedug v oaoneamesuTosunIuduIzINANUTE e 1ATIINTEHINa 1002

v

luTaa 2 e Taense visenanuse lalasnussniaee: luTaar1uiin (hydrate bridge) tAa
I 491 A A A 1 = A . 1 A 3 = Cng Aa 1
WuiuidiunBeniwan ¥io micelle Aaunidlunaniinavines luTamaduuaaz Tuanalu

4 v 1 aa 9 3 1 3 (Y]
wa1e 9 micelle onMuus1aumauiaasenuse lalasinu ANuITILT VoI MHTUBGN
o ~ A 1 [ v A 1< 1 Y = a
fuuTuananuuseudsniu uagmssases luanaveudauda na1d waninaainms
= @ = A A @ = = a Y 9 =
Foedrveunaerns luTamaaunnavuunu delumsdnyunedny Tassadawanveuils

9 A . I A A A o 1 o % [ A =
22 191A509 X - ray diffractometer 1 UIAT09301A5124 lae livia1ad10814 tlefAnEINS
2 = U 1 g: = a
TaiFeearvesozaonluTuanavosaslsznouaie o M lumanun i uazmalsue Tay
Y] dy a v aa L4 Sldy = 1Y) 9 = o
PIYNITALAVY MINTLITIVOITITONG LazANUINUgIReInUTaTIaswan Taena 1l
<3 a I o o 4
wantlalusssuaa (Native starch) 92150 UDYD X - ray diffraction 111 4 dnymy Aail
Hizukuri (1986)
1 L] = ‘:3’ % = 'QI =

1) A -type duluguilsytialidnuzlinnuenaelsniveses luTamndu
¥ . I { o [
&1 (short branch chain length) tiluuteunonsaynes wu 411 12 Twa vazdnad

1 2 1A a I
2) B - type uthinguiliinnuenaielsnivese: luTamaduer Hundenn
o 1 @ 3 o a a g . 2 A 1

510 1Az WU HUATY WNEINET 1agiaal 3999 amylomaize FeTi15inmes luTaaunna

40-45%
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3) C-type NANHUT X - ray pattern NWAUTZHIN A - type U1ag B - type LT

uilanniudilzuda uilanndriiania o
9 ' A o A 14
4) V-type laun ufanflidnbaziiuein A-typettaz B-type 14910
a 9 @ a A A 2
aslsznoudedouveses luTaanu Tuanavesasouns oI Zobel (1964)
a < & . . ' { g
Tuutledy Waudlareii Tnssafrad) iy semi - crystalline fio Jaudlunan
. S A g @ X a = @
(crystalline) tazlauiiuodagiu (amorphous) Fuianinmsisesdivesos lulad nazoy
a = 4 1 A g Y a
TuTamadau Tasae Indwoesveang Inaludiuiiiluduassweoses luTamwadu azannso
Yy o 0o q ¥ a Yy A = da < o A <
a$raiuse lalasnu ildifalasadeidusdnnlianuuduss anyauzguilvoudauils
o Rl @ 1 ' L g {
i e laidesuilelaiosas Tagudeninsaite tru 417 Twa 91291 Fadundandl
o = < A A < =2 o q 9 7
anvagmanmelwiunuy A - type nui il vievessou 9 wautl Feildeu lsiawisa
1 < a 1 1
unsnrn lmeludands1d uazifamsdosvewilaninaelugniouen Benmoussa tiaz
AMZ(2006), Fannon LLagAe (1992)
A o < A @ I 1
TuvazAudaiudss vagudendidnvaznannioluiuuny B - type wua

1 (=] [} a 9 Y 19 [ g’/ Ay ¥
t’f?ﬂiﬂi}jlﬂﬂtlﬂﬂﬂ%@jﬂﬂ@ﬂﬂ1ﬂﬂ3ﬂ1uuﬁ]ﬂlﬂl1ﬁﬂ1u1u Gallant LagANL(1997) muuuﬂmllﬂ

U

A R o 1

@ I 1 { o Y .
mﬂ‘ﬁmu‘wmwﬂi}ggﬂfmsJ"lmwmmﬂqﬁﬁﬂﬂmﬂm (tuber) Jane ttazAME (1997) Srichuwong
[ AN o Y =
HazAME (2005) LA Zhang tlazAME (2006) 318911 uilantanyay Insaadananuuy A -

type 92gngos 1ad1endn uilewiia B - type

24 anuvuHUsINve i@z a (Bulk density)
24.1  HeW LAZANUKNIY
AMUHUIUUTIN (bulk density) 1D WauAN19A18AIN (physical properties)
WoITER WHIWDY ANWNUMUY (density) Y0970QUINI1UNIA (bulk material) 15U 1113 (flour)
AMTY (starch) IAATYNY (cereal grain) MUK LRI DINITAAT VULVUIRE? HazgNNIA

I 9 & 3 T A (] 1 1 S8 9 1 1 dy .
Wuau %Qlﬂuﬂﬂuﬁuumuﬂi’mGD’@Q?N%WJNGHH?ZT@@UEJ AWINANNUHUUUULUD (solid

[

R g ] 2 o ' 2 ] [ 1 1 2 o
density) éfm‘ﬂummwumuwuewuaﬁﬂumzﬁm Llﬁ$fﬂgulilﬁﬁilﬂf'ﬂﬁ'ﬂﬁﬁgﬂ'ﬂﬂsb'i‘ljﬁﬂ 199

Q

a @ a ] I ] ¥ ]
%umﬁmﬂum%wmimm’meumumﬂummwumuuLﬁﬂ (solid density) LASAIMUUULUY

] o ] o @ 1 o T3 1
3734 (bulk density) {5 MSIAANUHUMUUYDINUATAaE T llﬁ’mtﬂu solid density L&11111

[

v @ o ll ' v 13 I
anMuHUIiuveuiulIvazneted nioogluduny azldauily bulk density 1iludu
9

[

k4 v
duummwumuuiamzﬁﬂ111”0ﬂﬂmmmwumumﬁamm LLﬁ@\?ﬁWNqﬁlﬂﬁ 2.5



18

VQJ ‘1
ﬁﬁ: .u.‘\k'r‘f"”:'
|5,

u

bulk density solid density

50% solid, 50% pore space
‘]Jﬁ 2.5 Lﬂ?'iﬂ‘umﬂmmawmmwmuuuimuawmmwmuuuma

ANUUUIMUUTIY A1UIN TR0 U2a (mass) VoITaan1TA28UTU1AS

(volume) YDITAG HITINFOIIN (pore) T2HINTAAAIY AWANMIN 2.1

m
p=— @.1)

v
242 MIMAANUUUIMUUTIY (Bulk density)
N13HIAIAINUUINUNTIY (Bulk density) 41118 lagn1sussyiagac lalu
MyULINIUSAT teaannuAana1nnls Ismruzaa luaiweaunls 1wy vuia 1 ans
Y o o A A A Y Yy v Aa T 1 1 ] Y
udnillas the wiemasivi 1diGey Tetefiinadommsmimanuudus Iy Taun
9 1 v Y

ANUFUVBIIER (moisture content) ANWFIVBITEAUTIMTTga lUMBUL MITAINTITUDY

' o w

v o J ) { o {
Viagiszasd mah lUld0u aasvenisms wazdannzndamdin 13de awgili 2.6

{ d o o 1 ] .
319 2.6 gUnTaldMTUMIAIANUUIINTIN (Bulk density)

Q
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243 MSMIAANURUITIMLVUAE (Tapped bulk density)
MIHIAIAMUHUILUUIIVLUVIATE (Tapped bulk density) 11118 laon15U559
i’ﬁ@m"lﬂ“lum?'mﬁai’ﬂmmwmmimmmmz (Tapped density tester) HANNT AD ABINITAN
AU ATMssadmeluszeznafisiiua dron13nszunn Feeanuruiy
SAMUVIAZIETIAIINAIAIANUH L UL Tasin peTan U HIANL LA

(Tapped density tester) LTAIATUG 10 2.7

ight

not more than 336 mm

Graduated cylinder

Total hei

Sraduated part 250 ml |
| notless than 200mm

K
R %
7
> i<
3mrm¢ A
02mn L

Cylinder
support

I —

4

This dimension is such
tratthe drop (1) meets
ifications and that, at

\ T tre lowest point of the cam,

/ the cylinder support is stting

& et ) = freely cn the uppe- part of
tre anvil.

JUN 2.7 URUMNUBUATOIIAANUHUUUTINIUVIAE (Tapped bulk density)
(ASTM D6393 : Standard Test Method for Bulk Solids Characterization by
Carr Indices, 2008)

244 anuuruutusvesaiud e vds (Bulk density)

1NN1TANBITOYAV0IHIIdD FOOD POWDERS : Physical Properties

Processing and Functionality (2005) Wu31 Aauvudusauvesutlaiudilevas iared

U

1 a 1 1 J A
TENIN 690 - 810 ﬂTﬁﬂiﬂJﬁ@@jﬂU?ﬁﬂmg}i ATUAITINN 2.4
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Powder Moisture | Poured bulk | Compressibility Cohesion

(%) density (g/cmz)

(kg/L)

Glass beads(175u) Dry 1.72 0 0

1.0 1.20 0.23 15
Powder salt (100/200 mesh) Dry 1.26 0.02 0

0.6 0.78 0.12 50
Powdered sucrose (60/80 Dry 0.62 0.152 10
mesh)

0.1 0.50 0.185 14
Starch Dry 0.81 0.12 6

18.5 0.69 0.15 13
Powdered onion (80/120 Dry 0.51 0.03 5
mesh)

5.2 0.51 0.05 15
Baby formula (commercial) Dry 0.52 0.08 37

2.4 0.41 0.08 Too cohesive
Coffee creamer (commercial) Dry 0.46 0.19 49

7.0 0.45 0.05 32
Active dry 5.2 0.52 0.05 0
Baker’s yeat 8.4 0.52 0.058 14

13.0 0.49 0.26 Too cohesive

11 : (FOOD POWDERS : Physical Properties Processing and Functionality, 2005)

2.5 msﬁ’ﬂmumvhmgﬂmunﬁammgm (Sieve analysis)

251 UULAZANUNNIY

v ] A a J
NIIAAVHIANTUYAASLNIINIATITU (Sieve analysis) ﬁf] ’J%ﬂ1i’)£ﬂ51$ﬂﬂlu1@‘l

<3 1 ] < § %/ @
GU’EN’E)Lq!ﬂ1ﬂ"ll’é]x1llfllx‘ﬂ’i§f]ﬂ’ﬂlla8l%Elﬂ (fineness) Tﬂﬁlfﬂii@uWWU"U?NLL"IN%VI?WUHWVTUWUH%@
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ATUNTINAADY (test sieves) FANFOIVUIAA 9] H1 TABIAIT BINSUATIANNA A UFDINADINT

U dy a T A A A kY A
mms@mammﬁmﬂagﬂummamaau"lm”lﬂmugﬂ‘n 2.8

511 2.8 1n30asouautla (Sieve analysis) (RETSCH,2015)

1 a o 1 [ I 1
FOIUUNLLUN T (sieve) NANNNSHIAIAV AN UIE 1T USo uazuon

AU av0ereInznTuTiuma (mesh) Fanuiofe S1uauresvesnzunssitegluaiuen
12 191 azunsesving 10w luaauen 1 i veiidote 10 ¥o1 nazveaniarzianue
%1 0141 Wneendrsviaiduiugudnanveadunin fuiy mrvunadedtu e1s
waneeiu dnhnniduaiaiidduisdesuonuinareanie aperure size AIUFAUVLIALY

v p
VBDIASLNIIANIY GIHJ?]J‘VI 2.9
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Jd IR ILA
" m 0 E
—
— 1
L. - A AL
| |
[ (. LA JLAJL) {
= .4
| L
a E
|
1000
CICIL LT L L
BESENINEIEEEEE

31N 2.9 VNAVOIFDINLNTI (RETSCH,2015)

AAa 9 )
azunsanasgunten 1y Uszneume
1) ﬂmﬂmmmj"mqy (British standard)
4
2) AZUNTLL NS (Tyler standard)
3) AZUATILUUDNINY (ASTM)
J o 1 1
Taoluwas oS Ao INUVIALUNTINIAT TIUUARZ LD UD 1L HUUIAVDITO
o v @ 1 1 e [
(aperture size) NA19AUN 1@ AI0619191 AzLATIVIIAWY 10 wuY InaesivuIA%ed 0.147
HodWA s LUUBINGEUVUIAYDY 0.152 VAAWAT LAZLUVBINTAIULUUIATDY 0.149 Uaaluas
9 9
A lunzinT WA TIUNILDUITARIEAITIAZIDA NIVUIALYS LazuuIaTe LAY
Y 9
theduteazinsa
[ T . . o Y _ ax A 9
MIAAVUIARIUANZLUNTINIATIIU (Sieve analysis) 114 2 33 Ao uuvLRA
9 %’ 1 = a %’ A ] Y 2 Aa < ] 1
(dry) tazuuu1inge (wet) Feazaniinas lmeselivesudadivuiadnasaniuyes
Y J Y
AZUNTA IAAN UL
2 Aa 1A f 9 [l 1 3 A
YoudInTyIaluaiiuvna (oversize) 912ANBGUUAZINTI TIUVDIMTIN
3 a . ' ' P ¥y A A ) A
AAAUYUIA (undersize) 3zaoarIUYIaziNTa 11d m3ldaTealierreliazunsunasu'lng
v Y v
30U (sieve shaker) 9x8 1 N3Toullszansamavy uazlunaimiiosas uaazdoaluly
o [ A 1 g’/ = o Y < ] A o
dregranninuldlunmsneassuaazaimila mazazsi liveawda lganuses wiee1arh
a a o <3 v ) o s A ¥ <
Ina lWihadaduazvoatissamantudousiildwasninldna lduazanusuluve i
Y 0o q YN ¥ A Aq 9 = ' o X
doah Idiidesiiqa vunavesnzunsenlgfSeuiiouszning U.S. mesh iU Micron A10A1519

n2s
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U.S.MESH INCHES MICRONS MILLIMETERS
3 0.2650 6730 6.730
4 0.1870 4760 4.760
5 0.1570 4000 4.000
6 0.1320 3360 3.360
7 0.1110 2830 2.830
8 0.0937 2380 2.380
10 0.0787 2000 2.000
12 0.0661 1680 1.680
14 0.0555 1410 1.410
16 0.0469 1190 1.190
18 0.0394 1000 1.000
20 0.0331 841 0.841
25 0.0280 707 0.707
30 0.0232 595 0.595
35 0.0197 500 0.500
40 0.0165 400 0.400
45 0.0138 354 0.354
50 0.0117 297 0.297
60 0.0098 250 0.250
70 0.0083 210 0.210
80 0.0070 177 0.177
100 0.0059 149 0.149
120 0.0049 125 0.125
140 0.0041 105 0.105
170 0.0035 88 0.088
200 0.0029 74 0.074
230 0.0024 63 0.063
270 0.0021 53 0.053
325 0.0017 44 0.044
400 0.0015 37 0.037

111 : (ASTM E11-17, ISO 565-1990 and ISO 3310-1:2016 sieve specifications., 2016)
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2.6 ﬂq‘lﬂ{]ﬂ15aﬂmu1ﬂﬂ}§ﬂ1ﬂmﬂﬂjﬂ§!
2.6.1  HWLAZANUNNY
M3aAvUIA 189N HeN1HA131 “Comminution” FIUDAIINITHUIED
. . v A I A A a A 1
MIAAYUIA (size reduction) tazdINYAYIEAIADN 2 YszMT Ao INONANDYNIAVUIA HIDF
A Y o Y v o 3 ~ Y o
YUIANABINT tagm Inigquaneonaniy msaavuiatunszurumsnlgnuuinlu
[ ] 1 1 o 4 [ a a
QATINAITUAN ) 1FU NITUAIUT MIMTIUUA HANNITVDINTAAUUIALMINIT 11T
a s A Y a Y= 49! A @ A a d%} I o
Wemdas e liinannuinansuneanuna lnimarulumsanvinag uaziluilse Tomilu
4
Maoonuuugnyal
o <3 <3 o .
Tagamsvansarmldvesudalivinadnadld laen1snasa (compression)
MR (shear) N15W1ANTENY (impact) N3 (attrition 130 rubbing) H3ON13AA (cutting W30
tearing) AR NN 2.10 Fawaazdtawisaly ldludesinadis 9 funsnadanisnia

]
9 =

A A I Y (% 1 1 a a L d'
NITNY HIDNITINDOU ﬁ'ﬁﬂiﬂsl,“]fllﬂﬂ»lﬂﬂﬂﬁﬁﬂﬂtﬂi1$ U DIUHU LAaSTULTIAN 9 Tuvaen

q

1Y Ja o

° D ) Y A v 9 ST v <
ﬁ@ﬁﬂW’Jﬂlﬁuiﬂ YU lli\l n3elouna deeleisan 1Wuan lunssuiumsanuuInNoUYe LY

@

g £ ] o o R . L= < < Y
unvzgnuaiudu Tasldnsgnunudanarenisua (grinding media) ¥90 1018 ugninannad
A ' < v A v o ' v o A o A A
WIOUNUHANNAT W30 1HNTgNUANUTEHINOYNIAAI8NWDY HIenudutndeu Tnives
4 { Y 3 o A 2 o glz [ 1
AT TunMENVIATEAIANAY HAZ TIUIUOYNIANTUTIUIUATINTFUADWLUILIA 9
y A 2 A gq9a ! v A = 9 v
deunudwie liinamsaavuiadae 118 Auguesnissanuuia Tsdesanasnindoans
S o Y T A I Y A o g’/
symMAvINAaNIdadesaglumsouilunau uazdedisiuasimssugalugadvngsu
Y Y
MIAAUUIANTAETUAOUPE 1N Pe 3 Tuaou laun msuaney (lsnuigauuia 50 - 250
gj Y v [} Y v )
mm) M3uarunan (lFnudaguuia 25 - 75 mm) uazmsvaazidea (lsnuiaguuia 5 - 15

mm)



25

compressive  frictional impact
force force

L

force

shearing
force

impact
force
collision

force

31U 2.10 IFMsanvLIABYNIAVDITAY (Attila Devay , 2013)

262 1avenetlsemsiinanenisanuuia
wa @ Y I Id =
1) auUAveIIwe Taua anuuvsanunuusavhansznuanuiluwan vaz
A 9 = 1 ] I a 1 o v 9 14
U 9 auinanenNNaNITa IUMITUA 1 ANNLYIVRIFULT Taend llazdaaleanaTus
= 1 I ' A [ 1 o ] a o
(Mohr scale) 90191190 0MU 3 Ny AD TdQoou (lavainalus 1-3) 13U tale §1l4u
A oA = 1Y <3 4 ' a .
(gypsum) LIAEDU ) NQUNTDI AD ’m@umﬂmﬂmq (avanalys 4 - 6) 15U wuial,u (limestone)
o 4 a 4 4 [ 1 {
uuniilad (magnetite) tlad 115 (feldspar) 8an11ud (ilmanite) 1azdu q drunguiteu Ao
Vo < s ' ) s . o
NAUITALUUS (Lﬁﬂlﬁlﬂﬁi‘uﬁ > T7) 16U INYS (diamond) ey 1ol§ (sapphire) 4AEAIDAY(quartz)

ANMUNUUTIVNANTENVITHARUN LA T1E FaNR2352 T mTzininaanudlana Ao

]
I v

Faquia lilyTaainuussvhaniznylddmwe 1) 1w dudy viewaraan Huiagsou ua

q a

~
[

‘VI‘L!LLi\iWWﬂﬂinI‘]JﬁQ Tuvme WﬂWHLﬂU’Jﬁﬂﬂﬂ\‘]ﬂﬂu wazlsg L‘]J‘L!G]‘Ll ’Jﬁ'ﬂ?’]N an Iﬂi\iﬁ'iN

Y
v oo

Naﬂ HazisUILLANS oL (cleavage) "l]%lﬂﬂﬂ”li!,mﬂﬁ?\ﬂﬂ Iﬂﬂ!luﬁﬂﬁ!l@ﬂi"ﬂﬁ!ﬁﬂﬁu UIe

Pho)

v Jdo

9
Al ZINAUUTZUIY BZABNLANAIIN LTI 19VeTEg naIInAnS1) Tl duus

2

[ @ { I 1
Tasead1aman 1wy Mau (galena) vzuanludnyuzMiilugnuian lum (mica) vzuaniiunmiy

[

% < 0 { g ! :
V19 wazuunil lad (magnetite) vzuaniunsanavdauiagindudule wu 1 vazlouds &

= 9 = 1= )=} =KX a 9
"l,iJllIﬂ‘i\‘]ﬁ‘inaﬂ l,l,’dzU]JJlIi%uTlJLLGIﬂLiEJ‘]Jﬂ\HﬂﬂﬂﬁLLGIﬂiTJEﬂﬂ



26

zg a A = tg 1 I o 3 o
2) AanuFy nluiiy visusianusuunnii 3 - 4 wefidud lagrimiin
o Y A g @ . . o Y a v &Y
vimThilud1sea1u (binding agent) M l¥iAan1sTuA1v0I0YNIA LAZTAVIIINITUA
A v & o " A - A L 73 @ LI ’ <
YDUATOIVA AdHUTaAaIH T9A2sANNTUAINTD 3 - 4 lodidud Iastimin eg1elsnaiu
A A H (Y <3 a 1 I o K o
winddsuanhmanegiuoyninvesuidanimiundl 50 tesidud lagimiineyninaz
(% aol [ Y dal 9/4‘ = 1 = . . = a
asz1ed luii vazilimsuaazaintuldsaisonin msuaitlen (wet grinding) Favziioy
1 a o L
1¥lunsdindesmandanmailugilarsuuiuase (suspension) Hioa1511Ma19U (slurry)
@ ' . . a 13 [ '
3) $M31dIUNITAAVUIA (Reductive Ratio, RR) He1u3 1Y U das1d11v04

A ' A a o o & A & A
vnamagvoIasilou (dF) 99U 1ARAYVDINAANUN (dP) FILFAIMNUTUNITN 3.2 UUAD

(RR) = [z—i] (3.2)

A1 RR d1M5UIAT09UAH1 9208 1u513 3 - 711 ua lunsedua 91999

839100 wn e

[

as { a o 4 1 1 4
4) ’Jﬁﬂ1§!,l,ﬁ$ﬂizﬂﬂuﬂ1iﬂﬂ’3ﬁ@ﬁ‘fjﬂ1iﬁ\u’fﬂWﬁﬁﬂﬂ!"ﬂ@@ﬂf]ﬂ%ﬂﬁmﬁﬂﬂ
1 a . a [ 4 [ Y 1 [
Eiﬁ]ﬂ’ﬂ NMTUADNTY (Free crushing) Gl‘Llﬂ'lﬁﬁ\‘i!@1Nﬂ¢]ﬂm"ﬂ@’i)ﬂ@1%@1ﬁﬂuiflT‘L!iJfJ’N Rl RIS
A a Aa a A = A dy = X
NIDISUUUIULUADN i%‘]J‘Uhl,ﬁﬂiE]ﬁﬂ HIDLUITIUNIYN IATOIUALY VUISHAITUININ uaﬂﬂu

Ay 1Y Y a 5 A v 9 A A
ﬂim‘ﬂhliJG]fJ\“lﬂ'liclﬁLﬂﬂ@‘la!ﬂ'lﬂ51]1!1@L'§1ﬂ1u1]511’]m3ﬂﬂ GI,U‘VI'I\WﬁQﬂHGU'IiJ Lﬂiﬁ]\?‘llﬂﬂilﬂ?iﬂ@u

A

v W ] a o 14 1 1 R A dyl
18NN (hopper) 32 11TiN3AINANA M DONBE1IABLH DY FiT8NNI51 o ULV I Choke
. A A a o 9 A A Y a o I A <
feeding 1AT0IUALUVUL AWM taz g lunsandosnisnanduinloymavinaanlu

Usuaunn
o i I Y g Aa A
5) M3 1ENA9U (power consumption) (H1UA9¥D952@NTA NN 19
o A I v Ao w A A Y a A A
nasnuveunTeIue taziluatendidynganassiinsanlunsua vienisaavuaio

= dy Aa o Ay AAa 1 & ] A 43! = U Y
BUNMANVUIAAAAINUNNIVUNWIE (WUNHINDNUINUIINIA) FISLNNUU %Qﬂﬁ?’ﬂﬂ'ﬂ N130A

a

A A 4” A 1 <] o g’/ A Y v A A A 1 &
VUIA AD NITENUNUNKND ’l’)fJ”Nhliﬂﬁ?ﬂﬁluWﬁ\‘NTu‘ﬂ\‘]W‘Mﬂ‘ﬂ1Wﬂﬂlﬂ§i’)\1ﬂﬂ WINYITIUNUN

[

v 1 1 Y 1 v 1] i1
mniud 1l lumsmiviiunaivesiag Snaauniicez 14 ldmewrruzanunes anuila

Y A

wiousudsamuludiundounaeu lniveunsosua wu luadugnilu (bearing) az 1411

. ' . ' . . N
vasnBen1 mamaeu Inagaan (inefficient blows) Fuilumsnaonluinliilvine

e

' v
a a U =

~ A [ =S 9 a A 9
uiAny druimaovesnasnuzgade Tl luglvesnnuiou dsz@nsainnmsld

=D

'
X a [ S

[ Y1 A o 1 [ A X A 9 dy Aa 1 Y o A
wawmmuam“lﬂ’n o Z‘Tﬂﬁ’JHﬂJE’NWaﬂﬂiuﬂi%llﬂm@ﬁﬁﬂ‘wuﬂN’ME’JWGN”I‘LWIGlVfﬂ‘]JLﬂii’N

' '
[ [

g’/ = a A Y v =~ a A Y o ° v a Y
VAR “]N“]JﬂﬁLﬂi@\‘]‘U@ﬂcl%ﬂu‘ﬂ'JllﬂﬂgNﬂi%ﬁﬂﬁﬂ'lWﬂ'licl%Wa\N'luﬁ'l uﬂﬂﬂ‘ﬂﬁ'lﬂﬂuul,@

as 1 [ ~ 9 A A o < S A [ A 9 dy a
Lﬁufl’)‘ﬁﬂ1iﬂi$111ﬂ!ﬂ1wﬁ\i\11u‘1/li]$61,°lfsluﬂ1iﬂﬂ NIDDNUINUI NAD NAINTUINDTIINNWUNTD



27

I

] 1% @ g 1 o a 1 1% 1
Tna aumsanudunuias g Almstuaue nlveauuagiuaie q fu vreaumslila

o = = a a v o A Yo KR K A '
ﬂ’lu\iﬂ\‘]ﬂ']ﬁqmulﬁﬂl%Qﬂa !lagnﬂﬂﬁ'lmﬁilwu'ﬁﬂmﬂﬂlluulﬂ ']uqa\iﬂ']ilﬂa@uulﬁquulﬂa']

. . A a Y v A Y ! ' a . a a o
(inefficient blows) aun1sitenldnuniniige laun unnguesdn (Kick) nuedsniuwes
4
(Rittinger) LAENYUDILDUA (Bond)
263 NHVBIAN (Kick)
npuesan uadn lildlddmiunsaavuie ualdnunsdezlorsves
<3 =\ a 1 [ ~Aq Y A ~ 1 [ o A A
YoIuq Taglauuagiudl "wasunlsmenislasugilseanvazveadngnigng

A v

9
a &Y = @ 9 a @ 1 o I ]
Limmmmmmunmzuﬂswummﬂsumw%mammmquu” ﬁMﬂJ@ﬁWHﬂQﬂﬁ1]ﬂ\1ﬂQlﬂuﬂg

1 1 Y H H
vielunsaini lidaguanmadegdonsouiigdiaddeulivsenunandasunlas ualu

v '
AA Aa

=1 é [ ] [] Y A 1 [] I ay < 1Aa 45!
ﬂimﬂ'lﬁ“lJﬂ%ﬂ'J@]i(]ﬂluWﬂiﬂiyUlll]lﬂlﬁ'ﬂ;iﬂ uaLangosauuyIEan il LLﬁZNWUﬂN]iWNLﬂﬂﬂJH
auuagiuaanan higunialgld

= A [ A a a a a v A d v
iNllﬂ'liﬂﬁ‘]JL‘lJﬁﬂuﬁ'llMﬁﬁ'lu@]13JLLH?ﬂﬂﬂJﬂQﬂﬂLﬁﬂiﬂM!W@ﬂig‘(’Jﬂ@]ﬂ“].l\?'lullﬂ
1 d' 9 9 (% =3 é = | d' ) [ [ 1 é
N "\‘1'lLlVlﬁﬂiﬁl%GIUﬂWiUﬂ’J@Q‘]Jiiﬂmﬁu\i ) CUAAINTIHIUDATITIUNITAAVUIANUN 9
. . LY = 1 <3 a a 4 dy =
(reduction ratio, RR) ”lmnmqﬂau%zmmﬂmﬂﬂﬂmm" luganaiamansngiaunsneu

& A
uJumeﬁ ATUFUNITIN 3.3

R, A/ K.l dg
() < sl
e E fo ndwiidedditenaiaguaa M
M A 12av09Aq
K. fe  masdivesdn
d/d, Ao as1@IuMIanuuIA (RR)

v i1 £ v
auiudennsanaungil wasnunldlunmsuasgulsdumudasiaiums

Y

1 g’/ 12 [ a [ = 1 a [ A Y
AAVUIAUNTIUU "lilﬂluﬂUﬂJuTﬂLﬂlJﬂJﬂ\‘]’J@]Qﬂﬂu m"lmﬂummma wasnunlglumsanvuia

@ Y 1 Y

4 I @ v o AQ Y o A
mqmuwmguﬂﬂmq 100 MN.L?JH’N]Q"UH1@ 50 Y. ’1]3VIJJL‘VI1ﬂUﬂi%iuﬂﬁﬁﬂﬂluWﬂ’mq%mﬁu

] J

3 o ' o o o A g A
WNIUAHINANN 1.0 WU, Lﬂmmqmmmﬁumufguﬂﬂmd 0.5 Uu. Tﬂﬂm”lﬂmummmmqmmﬂ [N

£

9
@ <} a a @
glj’éNﬂﬁWG\i\ﬂuM1ﬂﬁuﬁluﬂﬁaﬂ%u1ﬂ1ﬁ}mﬂﬂﬁ ﬂgmmﬂﬂﬂx"l,nmwmmmuﬂumammm

=2 o =\ ' =Y J o
G]f\‘]’)ﬁ@]ﬂf]llhﬂlll'lﬂslﬁﬂlu LAZUDAIITIUNITAAVUIANN



28

264 PQUDIINALY (Rittinger)

Aa =1 Y !

a A S Y a A Ay Y
i‘ﬂmm@ﬁ"lmﬁuaﬁmummﬂaﬂﬂ’e‘)ﬂmﬂmmgmmﬂﬂ o "QWHW@I@QGlGIfﬁluﬂ'ﬁaﬂ

a9 U

P
a A 9y XK

o o zg A ] a a = U
GUHWWNIQ‘ﬂ%klﬂﬁﬁu@nuﬂ%ﬂﬂmﬂlﬂﬂwHT]NTVIQﬂﬁ'ﬁNGlluGlﬂiJ" Glutmﬂmﬁmﬁmmmuﬁumi"lﬂmu

u

A
aunmsn 34
+) = Kr[sp = <)
— | = — 4
M R|Sp — GF (3.4)
A g d‘a o a [ 4
4o gp 19 NWHNHIFUNIZUBINAADNUN
A dy Aa o 3
CF o WuVIN’JiﬂLWW%ﬂJEN’Jﬁ@]ﬂ@U
1 A a a 4
Kr fo  mashivesiniuves

1 @ a 1 a A J [ g’/ !
aIUNAVUDI Ky HouisonI1 @YTNNUIDT (Rittinger's Number) Aaluaumsi

= Y 1
3.5 GW%LGUEJ‘L!ulﬂE)ﬂLLUU’N

E Cp —GF

=) === (3.5)

M Rittinger’s Number
WIS NNIO MU UNIN 3.6

(Rittinger’s Number) = gp;F (3.6)

M

o & A

a ~ a A =R 1 = dy Aa A
ANUULNDNIITUININTUNITN 3.6 mmmmmmmmuaﬂmwuwmclm‘wgﬂ

2 a { v o U a a d 1
ﬁ%’wﬁumwmmmgmﬂaﬁﬂlﬁ’ﬂmmq‘lumim ANUAVINNIIDITAIUNUINNUINNNTNATDY

Y v v
MIUARIBIBAUUINMINANNIZNY (Drop Weight Method) Tagl¥@uinminuasgiuniin m &

a

UnAvzuiin 3 nn. annsznuasuuiagiounnsiuulrauiueu 1nszezANgs h Felndlia

Y b4 v
(3 1

A A v @ v @ 2q Y Y1 v Aq Yo
0.787 W. 1159 31 U uamnsarmawasnuin lglumsua llﬂ?]"l wasnun Imnudagmny
9
]

Q

mgh gasIunsIildesgndunsznunuiagilou
F4 v
Aa

A o a [ I o a 4 9 1
NWUNHIVUNISUDINAANTUN Lmz’mq‘ﬂﬂu%QmmﬂzwTﬂﬂh“}gﬂmuﬂﬂiau

a A 4 o { a oA A f i A o
HIATITU L!ﬁ&aﬂliﬂﬂﬁlﬁ]'ﬁ]‘iﬁWH’]iﬂﬂ'lu')m%'lﬂﬁﬂﬂ']i“ﬁ 3.6 Glumaﬂgumzmnﬁuﬁmmmm

v Y9y %’ o g’/ Y A 1 dy Aa
422 100 NTY Iﬂflﬁlfﬂ@]ilu'l’ﬂuﬂﬂﬂﬂifﬂ‘ﬂ 5,10, 15 uag 20 A3 !lﬂ')L"lJEJHﬂiWV\Ii%T‘i'NQWHT]N'J

q



29

v
[ [ = [ Y

A 2 @ 1 A A J o ] A A J
LWNﬁuﬂUW'ﬁQQWH‘ﬂ ﬁ}ﬂ‘U'NIQ ANUFAVDINT N ﬁﬂ ANUAVINTNLIDT AIDYNLAVITNNNLIDITUDN

]
(% I

AAAN ] MUAITNN 2.6

{ a A 4 o 1
A15197 2.6 RVINTNIDITUDIITAN N

Material Rittinger's Number (mz/J)
Galena 0.09570
Sphalerite 0.05730
Pyrite 0.02303
Quartz 0.01790
Calcite 0.07745

= .
N1 : (Rittinger's, 1941)
A o a A <UL . I <3
GINUAVINNAUIDINAIG ﬂ'J']llﬁ']ll']ﬁﬂﬁlUﬂ']TUﬂ (grind ability) ﬂ%zqmmhlﬂ
Y Y < Y ] 4 a a &' AAa
A8 01 P, p 103 P, p i uduiugudna 1039150103 - #iNAA (volume-surface
' L J ] 4 J a o 4
diameter) ﬁ%@ﬁﬂﬂ%ﬂ't"]fJ”Nﬁﬁ\‘]'ﬂlﬁgf}uW']Uﬂl!flﬂﬁ']\?“])”l’)mﬂﬁ (Sauter diameter) UDINAANUN LA

Jagiou amddunnawnsi 3.7

¢ g (3.7)
= 7
pdys
ansoeuaumsn 3.4 1aluudlu
E 6Kp [ 1 1
(—) = R[ — ] (3.8)
M p dvsp  dvsFp
A
130
E) , 1 1
—)=K [ — ] (3.9)
(M R dvsp dysF
A
110
6K
K'g = (TR) (3.10)



30

A a2 a Jd A 1 A a A 4 Y 9
IHINNNAVINNAIDT HIDAMANINVDITNNAUIDT (Ky) 1ﬂﬂ1ﬂﬂﬁﬂﬂﬁﬂﬂjﬂ81"ﬁ
Y 9
FBAUUMINANNTZNY (Drop Weight Method) Minadouuuuil la'ldnseunquianavesnis
o & o 4 4 : o
FUTINULUDININUTUTIANIU AVIRNDY m'imaau”lmqtyLﬂmuazmiqmumfflugﬂﬂ3m
Y A Aq ¥ a 1 A A I3 I o )
SouveunIoIuan 14934 Lmﬂgﬂlﬂﬂﬁ“ﬂ“ﬂ%%ﬂﬁﬂi‘lﬂﬂﬂﬂﬂﬂﬁﬂﬂﬁmﬂlla$ﬂ15‘UWU1!ﬂaN

(E) =k [ L L ] (.11)
=) =k |—=—=—— ‘
M Jdp Jdr

de K, fe masiivesuous

D] v o Al = % Y 1 Aa " woa
ﬂ’lii“]fﬂf]’]uﬁmwu‘ﬁﬂl’ﬁNU@uﬂ ATPNNUDNUD UM (Kb) W'IUlﬂi]'lﬂﬂ'lWﬁUﬂ'J']ﬂG]fu
. £ o " o & S0 & 9 ¥ o

91U (Work index, W) "gationuanilundsniuisnuansuudedldlunmsanvunaiagdou

1 3 @ J . . <] a o I'd 1
wuraluajuimiueiud (00, infinity) Tilvuiaanasauiosas 80 vosnannuyiaoanIU
< 1 { o 4 a a J
AZLNITIVUIA 0.1 WU." “dlﬁf’nﬁUlﬁ}%WﬂqﬁﬂﬂaﬂﬂUﬂ?@]@iulﬂ%@ﬁﬂﬂuWﬂﬁi'lu Glul‘lﬁﬂm@]ﬁ’]ﬁﬂﬁ

weu gl

E kWh
(—) = Wj [—] (3.12)
M ton feed

Weunua luaunish 3.12 Taendaauog1uniae kWhiton feed taziduni

s ' ' Y < ~
ﬂuﬂﬂa1qag1uwuaﬂ NU. %z“lﬂgﬂﬁuﬂmﬂumuﬁumm 3.13

wy=b \/% (3.13)
EL)
Kp = aw; = v0.1w; = 0.3162w; (3.14)

A A v A ! ~ ~ =2 1 v =
TINAITTEN AD AN a sluﬁllﬂ']i‘ﬂ 3.14 %31 an1nNu 0.3162 ﬂglﬂﬁﬂullﬂaﬂ

9/013’;

Tdarumrrevesdndsars o Al¥ daiuaunsns.i3 a1y laieunuanadaanuluniie

1 4 1 1 a A 1 g}/
kWh / Ton feed uamﬁ'umug{uEm’mwgiuwmanaammmmu



31

v ¥ 9y

[ 9 a (% 4
ANUUDITDYDT 80 ‘Uﬂ\?ﬂ]ﬂi}ﬂﬂﬂﬂlﬂ?ﬂ d; WU. 1LaEI080T 80 YDINAANUNDDA

1 -4 1 { 1w
WIUAZUNTIVUIA d, VU, AIUTUNITUDUA *ﬂ%ul@gl}’ﬂﬂﬁJﬁiJﬂﬁﬁ 3.15 uazMATHIY (W) v

[ 1

A9a 9 uaadldnun1sed 2.6

() = 0.3162w; [

1 1

NErRNER

(3.15)

4 o e 2 oy 4 4
H991nAIAT Y W naa0an1nnnaIunanua i 16asequanuui
@ ! a (% a ' 4
IndiAeenunldase Tensounqumsgdonasadna liud nazie ldnguesuoua 1a
@ g’/ 1 a a o [ {
ATOUAQUNAINUNIHNATUMTUA A199INNHVDITNTID3 FIATOUAGUIRNIZHAINTURA 1%
A dy Aa ' g’/ [V ] [ A = Y A A
Tumsminiunrainiy §ldsumasnuigadennmsoiruzanudaveuniowazdug

v
LY

J=2 I I o ¥ a
ﬂ\‘]1!1!ﬂg]GUﬂﬂﬂﬂuﬂﬁ]\iﬁl“ﬁulﬂﬂﬁTWi‘UﬂﬁUﬂﬁ$L’f)8ﬂ



M3 2.6 AU (W) VOIIT96199)

32

Material No. of  Specific Work index Material No. of  Specific Work index
tests gravity kWh/ton tests gravity kWh/ton
Andesite 6 2.84 22.13 Taconite 66 3.52 14.87
Barite 11 4.28 6.24 Kyanite 4 3.23 18.87
Basalt 10 2.89 20.41 Lead ore 22 3.44 11.40
Bauxite 11 2.38 9.45 Lead-zinc ore 27 3.37 11.35
Cement clinker 60 3.09 13.49 Limestone 119 2.69 11.61
Cement raw material 87 2.67 10.57 Limestone for cement 62 2.68 10.18
Chrome ore 4 4.06 9.60 Manganese ore 15 3.74 12.48
Clay 9 2.23 7.10 Magnesite, dead burned 1 522 16.80
Clay, calcined 7 2.32 1.43 Mica 2 2.89 134.50
Coal 10 1.63 11.37 Molybdenum 6 2.70 12.97
Coke 12 1.51 20.70 Nickle ore 11 3.32 11.88
Coke,fluid,petroleum 2 1.63 38.60 Oil shale 9 1.76 18.10
Coke,petroleum 2 1.78 73.80 Phosphate fertilizer 3 2.65 13.03
Copper ore 306 3.02 13.13 Phosphate rock 27 2.66 10.13
Coral 5 2.70 10.16 Potash ore 8 2.37 8.88
Dionite 6 2.78 19.40 Potash salt 3 2.18 8.23
Dolomite 18 2.82 13.31 Pumice 4 1.96 11.93
Emery 4 3.48 58.18 Pyrite ore 4 3.48 8.90
Feldspar 8 2.59 11.67 Pyrrhotite ore 3 4.04 9.57
Ferrochrome 18 6.75 8.87 Quartzite 16 2.71 12.18
Ferromanganese 10 591 7.77 Quartz 17 2.64 12.77
Ferrosilicon 15 491 12.83 Rutile ore 5 2.84 12.12
Flint 5 2.65 26.16 Sandstone 8 2.68 11.53
Fluorspar 8 2.98 18.45 Shale 13 2.58 16.40
Gabbro 4 2.83 18.45 Silica 7 2.71 13.53
Galena 7 5.39 10.19 Silica sand 17 2.65 16.46
Gamet 3 3.30 12.37 Silicon carbide 7 2.73 26.17
Glass S 2.58 3.08 Silver ore 6 2.72 17.30
Goeiss 3 2.71 20.13 Sinter 9 3.00 8.77
Gold ore 209 2.86 14.83 Slag 12 2.93 15.76
Granice 74 2.68 14.39 Slag,iron blast furnace 6 2.39 12.16
Graphite 6 1.73 45.03 Slate 5 248 13.83
Gravel 42 2.70 25.17 Sodium silicate 3 2.10 13.00
Gypsum rock 5 2.69 8.16 Spodumene ore 7 2.75 13.70
Timerite 7 4.27 13.11 Syenite 3 2.73 14.90
Iron ore 8 3.96 15.44 Tile 3 2.59 15.53
Hematite 79 3.76 12.68 Tin ore 9 3.94 10.81

7131 : (Bond, 1985)
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(Universal Law) B4n81291 (1UNIHuas Idunnguoymiaiiomeaniinuinuiuoua1milg
1 A & tal o Yo I a v o ~ =
darndulsgTemidenismIniaguan sz ulnannAunus InNaeIveIvIARasYDY
] Y 1
sumanansual ulsduasafuaNueveIseILAnInAlY tazulsiuasetusINNaeIveq

a

zg A a d? 1 a a = Y A
wurMnavu i Glut%ﬂﬂﬂ!ﬁﬁWﬁﬂiL"UfluulﬂﬂnJﬁllﬂ13°Vl 3.16

(3.16)

)=l 7m

A = J A J
o K, o ANPNNVDOIUDUA

9 v o S 1 ~ 7 P 1 AA )
mﬂ%mmauwummueuﬂ ATPNNUBDNUBDURA (Kb) 1’T1wlﬂi]1ﬂﬂ'l‘]ﬂl§8ﬂ'ﬂ AYU

Y v
91U (Work index, W)" aatiuaumsn 3.13 @oulnaldn

( E - \/?F (3.17)

nasundeslfinoanvuiaigania M, (kWh)

A
E Ao
A [
M Ao WIAUeIIaq (Ton)
= v A
W, Ao vl
d, Ao evedingraIanrua (mm)
d, Ao VWIAYEIIAYNDUAAVUIA (mm)

9 a 4 <3 o o [ 9 ax 1
nndeyamsinizHuuIavesoymadautlaiudlznas d1e35mssou
1 1 [~}
HIUAZLNTINIATTIU (Sieve analysis) W11 30002 80 vesoymamlautledivuia 63 lunsou
9 YA d‘ [ DY [ 3}1 d‘ 1 d'
Tagdvamsanvuineymaliiaunaeminy 25 luasou asiudounua luaunisi 4.6 vz
[ % 1 1 % T W a v J @ 1 Y
Tanmasnuildaeduilou miiy 74.02 W, (A Tadad - %1 Tusdeduilon)
A ' o Ay Y, < Y o o 1 A
WenswamasnuideslFlumsasvinaeymadautlaudn dvudeli Ao

4 ° < o . . :
M13eeNILUIATIaaUUIA Taon1smivuannuisdateluvesluna (Tip speed velocity) ¥4
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1 < {

INNITNUNIUITIUNTINUDY Venkata S.P. Bitra hag AU (2009) wuanwitdarelun

wimzawlumsanvuaeymauenautlaliauniiny 80 - 120 masAoIUIN TaensiaIuUes
A = [ A . . 2 A [ 1 A

1A3090AYUIA UNTAALYAININNATOIUA (Pin mill) FaldIulsznouran 3 @ Ao lase

AA309 (Body) TUWA (Rotor) taz 1uegniuf (Stator) tieraemngi 2.11

A ' A < v o @
qﬁlﬂ‘ﬂ 2.11 Llﬁﬂ\iajuﬂ‘53’;ﬂ@‘]J"Il’E]\Hﬂi'ﬂ\iaW’Uu1@@”ﬂ1ﬂlﬂﬂllﬂﬁmuﬁ’lﬂ3?‘iﬁﬂ

Q:I Y4 =
2.8 ﬂ1§9?]ﬂ!!‘].l‘].lfni‘ﬂﬂﬁ@ﬂ!!’ll‘ﬂ!!‘l/\lﬁﬂ‘Uﬂuﬁ!!wﬂﬂﬂﬁﬂﬁ
I~ AA o A = o 9 o @
WUNTNAADINTANHAULIANIZ AD NIMUUAYTENOVAIINITITINAUUBITEALVD
Y Y
[ 1 o = 1 =~ 4 a o [
Javeaaua 2 Taseau'll Gond1 nImuudaouiiudu (Treatment Combination) 1¥A1A1S
i A o g’; 1 o < g { o
naaeanidadeasua 2 Yade ¥auiunisnaassninareade (Multiple Factor Experiment)
nsal 2 1998 8117998 A 1Usznoudie a szav nazilade B Usznauale b szav lumsnaasa 1
Y 1
Replicate 921/5¢n0UAI8NINABDININNA ab MINAADI HaziHB191nN1TITe (Factor) 11AAN
Y v
117998 daiuuenInIINAdNTNaYDITaTeMan (Main Effect) Naulaudrdiornnadnina

V99199857 (Interaction Effect) 1dae
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a A v A A A dal ~ @ & ~ Y A o Y
answavealadeian Ao wanmavuanmsnadenilalasunlasldudinasii 1

a A

dnsna (Effect) voatlasentudasuulas il aadro619 msnadnsnaveatladesiu wse
A o o 4 Y] . 4 1a2Aa A v 1 4 4 a A
Ugduius naasaegl sude lilioniwavesfavesiuaingii 2.12 vazilelidniwaves

Tadesmwmngii 2.13 Tag A uaz B Ao 1990 2

&0
50 EZ
40

3]

HATITWAHTU

20 E1

Ml he
IETTI

U 2.12 answavesfavesaui lilina

&0
50 Ed
40 EZ

30

HATIMAHaU

20 E1

10 EZ

Ml he
HIETTIE

a

717 2.13 answaveslades kg

=

a < a = {0
NIIDDNUUVUYUA 22 Factorial Design L’]J‘L!ﬂﬁ'f]'f)ﬂllﬂ‘ﬂﬁf\illwﬂﬂﬂ!iﬂaﬁﬂ'lt’lﬂﬁﬂi]g

a

[

inerteenufate 2 799s A Auaz B Tasfade A azilsenaudie aseau uazilade B
9 [ é 3}1 dy [ Y 1 a =3 o A
Usznouale b 3zA Fananuatignialvedluzlvesmssenuuuduvaneiioa 1Wuae Tu
Y
HAAZITNAAAVDINITNAADY 321 52NoUAIINITNAaITINTIVBNIHUA ab N1TNATDI LA
a = a g}/ g’u ~ I~ % (] a =1
TagilnAsz iU naINaNIHLa n AT 910319 2.14 Wudredamnaasusunneiioa

v A 1 @ 9 v A v o Y A
2 998 Tﬂﬂﬂll@]ﬁ%ﬁ%ﬁ]ﬂﬂ%ﬂigﬂﬁ)ﬂﬂﬂﬂ 2 38AU AD ITAVA LAY T@ﬂgmmummmmwma
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Y v
“ Ay “+ AUAIAY Hananvedtate A Tunsnaaeil ﬁf) HAANTZHINAUNAYVOINANDY
9

[

A :: (% [ = o Y v A
NIcAUA uammqumﬁmﬂ A “KﬁﬁWNWiﬂﬂ']u’Jﬂ!llﬂ AN

(High)

Factor B

(Low) | 20 40

l

(Low) (High)
Factor A

51U 2.14 dredananimseonuuuFuinnoiea 2 Jady
A=(40+52)/2-(20+30)/2=21 (3.18)

J A da@l o PR 1 @ o 9 =
HuU1wRINIUIN Gluﬂ'liLWWUlﬁUENﬂﬁ]ﬁ]ﬂ A %1ﬂi$ﬂﬂ@11ﬂq5$ﬂﬂq0 i]?.i'i/lﬂﬁwaﬁﬂllmﬁﬂ

' Y
Lﬁwfiu 21 H128 UBIAIINY T WTOMUIUNIAINANaNVe 91998 B 11@9]; ﬁﬂ
B=30+52)/2-(20+40)/2=11 (3.19)

nmseonuuumsnaassuubulaneGea gmiwnldediauninatelunisnaash

A Y o o A 4 0= &2 A o Y ) = ' o
medvesnuienaulanezfiny Galiegnargdnazazdouin lanananssnuIIWAUYD

Y 7 (J = ' a = k <
Yademaniuvuuasawinauleogniseenuuumsnaasurudaneizsauuy 2 1ums
Aa [ 1 [ 9 [ = @ v dy a 9 a
ponuUuNl k Jve uaazlavelsznounle 2 32AD H9TzAUMAIN199ZINAINTRY AT

a 1 a 1% 3| a a <3 '

Ywa 15y guivgil ANNaN Wsonal udu Wsee1vazimanndoyamagunmn 18 15y
A o A I Y v a J = dy o A ° @
1309903 I0ANNIY (Huau uazlu 2 5LAUNNAININITUNUTEAUY HIoA1v01TaTY

a
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N1590NLULMTNAaUFIUNANDIT oAU 2 Nﬂﬁziﬂ%uNTﬂ@@Q’]u‘ﬂﬂﬁ@Qiueﬁ’JQ
A A~ v & o Ay A o q ¥a
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! Y Y 1 v
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4 Y ° a

{ o Y 4 a v
Luuaﬂ‘]ﬁ']LﬁfJ’Jﬂ‘U'Jﬁﬂ%'lW'JﬂﬁuLLﬁ 'Jﬁﬂlﬂﬁ@i%ﬂﬂﬂ']ilﬂﬂﬁﬁ L%Lwaﬁama DINIITAI LA

q

A I 9 b ,é’ A Y Av A A Y ) @ o

Awayulns 1Wudu Miflnnmsdudununsais vazauideineades diusviun
L awv [ 4

Uszgnd 5 luauide ldaadl

Venkata S.P. Bitra 1azasie (2009) 1aAn®1509 N153AR18901U41FINa V04
d' 9 d' . zﬂ' 9 a 9 = [
A3DIVAUVVADUINIBN (Hammer mill) 1NOAAYUIAYDIH1DIUT N W19U1IA1D LAz
9 a Jd o [ 1 a [ 9 zé d‘ 1Y
111 Tnwa Laz s 1ziMInIzeRveteunIniaquaazria Taemstlouiaquinaiosions
A 1w a o 1 =1 [ ~ (Y Y <3 A
A51leuAININIAY 2.5 dlansuseuii uazdSunlasudnlsilszneudls anwsiseun
2000, 2400, 2800, 3200 (1A% 3600 30UABUIN tazFUuDUVEA VAT 2 LUV AB LUV 90 BIA
9 v
(dull) uag 30 93 (sharp) HIUALUNTIVUIAG 3.2 HAALNAT UM Taaimidsaunle
@ o = Ao Y1 A Y A =\ 9
HAZMTNIZIEAYNIAYDITAA Feaglnan1side 1A inTosuanuudouIoeiinis 19
[ o Y] a 4 (Y] 1 [ a v & < ]
NHINUFMTUIAUIATOIA M aunIAY 1.72 Aladad NANI5 1500 5UABUIN LAY 5.06
a o oA I 1 A A g2 s 3 4 @ a 9 Y ' ]
Aladaa N5 3500 50UABUIT INNAY 66 11e5idua TuanyaFudu IAensa dIuan
v Y
WAINUT UM ( Total specific energy) YDIHDNBMITN1 Wt 1Iad tazdadii Ina indu
S < 4 o w ~ 3 [ A o [
30, 37 uae 45 1o FuanIud1ay NANEITOV 2000 - 3000 58UADKIN d1mSuluALLY 90
DA (dull) LAZAINAINUTUNIZIIN ( Total specific energy) Y03 TUALUY 30 BN (sharp) V2
' Y v 4 v
U TUALDD 90 09A (dull) NIUAINEINUTUNIZTIN (Total specific energy) A
o ] 9 a 9 = v 9 A v J
MIzaNd T UHaemIn1 Wedaa tazgiin Ine Ao 114.4, 125.1 uag 103.7 NN iaa
[ [ o o { < 1 o a @ 1
ApIuNZNTY Awd1en NA1N152 200 soUADUIN DATINTToU 2.5 A lansuaouIi YuIAg
azinge 3.2 Haawas 15 1uRLDY 90 897 (dull) HAZAINSINUTUNIZTIN (Total specific
{ o [ 1 [ [ d [
energy) NHUILAUAIMTUNITAAVUIANINY 14.9, 19.7 a2 13.5 IUNLTAAADINNENSY -
A a o w 1 @ o 1 <3 2 o
Hadawas AdIAY dIUMINTZIEAIvEIUNIATEY WU ANNGITEUGITUIZY Ideynin
YBIIAAAAA
YR A X 3 < A
Youn Ju Lee tazanig (2013) laany1sed nansznuanuyulumwaasumaed
] a 901 v @ A o ~ dy <3 o A
ADUTIVA WAKTA HazAANINUBINTUI WG TeenslSun/asuanuduveauaanimany
A -4 Lo . o v 3
76,8 uaz 12 1Wosiyua uazszeza1lun150a (Grinding time) 11N1INAAOIAIVINAAD
A 2 o A X sl @ A . o o
HADIA5IAL 100 NTN NANNBY 6, 8 uaz 12 1loFIFua HIUATOIUA (Grinder) YUIA 220 IAA
Y
Tsrarlunisua 5, 15, 20, 30, 40, 60, 75, 90, 120 uag 180 311 1w lilseuruazLnsa
v v
YUIA 2.0, 1.4, 1.18, 1.06, 0.425, 0.25 LAz 0.15 VU.MUEIHD 1NUIMIIaamaanun lsua
o a a a o 4 av
MeUNNYURIAN (Kick) NHUBIINNUABT (Rittinger) 1ALNHVDIVBUA(Bond) 31AN13 19831
9 < 8 & A A 2 A X Y o
1471 A9 (Hardness) YDUNAARANADI ILNNIUHOANVFUAAAL 1AZMT 1FNEINUL

] 4 v
anad 1enNuFUanag T@ﬂmwawmm%’mmmmﬂﬂ (Kick) 910U 0.182, 0.199 1ae
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a v o ] 1 Y] a a I'4 [ %
0.219 NTad0d - I TUIA0AY MUNYUDITNNUIDF (Rittinger) 1M1 0.367, 0.469 1AL 0.549
a v o ] 1 Y] 4 (% a v J ] 1
1 1a3a4 - 92 113AeAU NYUBIVBUA (Bond) (MAD 0.246, 0.288 1Az 0.377 N ladad - 311160
@ @ A é’ L 4 o 1 VA 9
AUNSN NANMUFY 6, 8 waz 12 1osiFua muaiay aiuszezarlumsus wuuive lsmanlu
2 3 0o q ¥ & 4 A g K s Yy a
Msuaiuay i lduueeynaveunaanudowuanad Ineanuiudnzua ldazideauin
1 ¥ a o 901 v o [ <3 o
mmm%uqq yazwananlumsanaituauraes nun Gumﬂmgmﬂmuwmaﬂﬂwﬂﬁ’mﬁ
v % @ o 9 J d‘d ]
’dﬂﬂumum”lﬂqmmmgmﬂﬂmumiﬁ@
A. D. Srikanth. Tanggirala HazAz(2014) laAnNB1T04 LUUTI@0INTAAVUIA
a s ) YA A ) A
MIUATIEHVUIADUNIA uazﬂmaﬂymzmi"lwammmwzTa‘ﬂmumiawmmmaum’sm
. A < i L. * o Aquyw ~ A Y 2 o
(Hammer mill) 4agta3oquaLUULUN (Pin mill) maﬁ@gﬂwﬂamu 3 gl Uszneunie vlusy
. . R . A A 4 s 2@
(Turmeric) ®UL%8 (Cinnamon) LALINARNNY (Coriander) NANFURAY 10.22 £ 0.3 11/oTisua
Y Y A Y a . A o X . o
urie laslaaToauauuunoutIed (Hammer mill) HAaZIATDIUALLUITN (Pin mill) N1viua
sastlouiagh 2.5 nfuaedui 19d10819 200 nSusoninaass lHamaass 10 wiiide
#10814 uazi%’mgmiwumug 354 luaseu 115 VVAMNILIATBIVALVUADUINIEY (Hammer
. Y < ' ~ g’/ o w ] a 4 9
mill) staz 1%n313153501 1300 50 UADUIN fumuuum’Jatm"lﬂamﬁwmﬂmmaumﬂ A8
VU180 9UDI RRSB (Rosin — Rammler — Sperling — bennet) (ta¢ RR (Rosin — Rammler) @ p| 1
a v Y ) I YA 1A A I
Han13398'14731 uUVI1a9IUed RRSB AL RR 19 1aa lunismiaiansveaanuiuuyuy
[ 1 { 1 o Aaa 4
183N (Degree of unifromity) uazmmaﬂmmmmmf’f’umuguﬂﬂmqmmﬂﬁ Tagnsnaua
! L o o . <3 Y .
HUVAD UK (Hammer mill) (MU @13UMNTUAD VLYY (Cinnamon) HaZIUARNNY (Coriander)
' 4 <3 . . o @ L o . ¥ ' :
FIATOIUALVUAY (Pin mill) 1112 T MTUMTUAVIUTY (Turmeric) NIUNUI VAR DY
[ 1 W 4 1 [ o .
UDIINQ (Mean size) ANAFHIIUUDIUBUA (Bond's work index) ATWAII1UI NN (Specific

=

@ < o Y 4
energy) HAZAUSAYALAT INAVDIDUYFE (Cinnamon) {agtialnN% (Coriander) IATGEGRITS

q

Y = . a9 1 A . A A < .
HUUADULIYIYY (Hammer mill) UATUBININVNUUBU (Turmeric) NATUIATDIVALUUIVY (Pin
. Lé = (% 1 dy ] v A A 9 d‘ d‘ v Qy o
mill) Fan1sAnyIaInantazyislumsaaauloaenlmasequaNu gun UM UAVNUFY

. . S o A L
(Turmeric) ®UL¥Y (Cinnamon) HAaZIUANNY (Coriander)
Murlidhar meghwal 118¢ T. K Goswami (2014) 18398304 m3fny1a/euiiey
~ Aa [~ o a o 4
nussemalna HAETMIUBUVIVDIQNYA (Fenugreek) uazwm”lmm(black pepper) EORIGERR
™ . A Y . A Y =
VALVUNYULHIYS (Rotor mill) tATDIVAAIYYNUDA (Ball mill) (ATDIVALVUAD UL
) & 2 L& o day ~ a & o
(Hammer mill) g tAIOIUALU ULV (Plnmlll)cvaaﬁ@wimwﬂaaqn 2%UA AD QNYA

3 IS

(Fenugreek) 118z W3 n 1nad1 (black pepper) TagNussemalnaiaaliguugd 25 - 30 09f1
9

o 9

o a [~ 4 g}/
lclfm‘?fflﬁ LLﬁ%ﬂWﬂTﬁﬂﬂQﬂ!WQMIﬂﬂﬂ1ill%t€lu@9},’381uiﬁilﬂulfﬁﬂ’) mﬂuu'ﬁﬁumnﬂ%ﬁmm 4

- @ a a J 9 o o 9
HuY F9msUsunlasunisimesaig 9 sznevnie ’E]G]ﬁﬂﬁﬂf]u’llﬂﬁ]l,"lﬂ i%ﬂ%&’)’dﬂuﬂﬁ
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U gungivesiag aAnusvewnsetua tefAnuTaieiidenadensanvuia fie wdany
UL (Specific power consumption) miﬂizm&ﬁ}?ﬂl@ﬁfluﬂm (Sieve size analysis) ﬁ:‘uﬁﬁﬂ
S (Specific surface area) 91nM335eagUl 1431 seuans 4wy 1 1dalunisnaaes
Lab scale 1aza1115015vgnd 1991114 Large sacle 16 Snmadanud samsdou msaiis

1 v o a

ﬁyuﬁﬂwm WUy wmmnmmmmcl%m HATWAINUIUNIE B umuaﬂmammiaﬂemﬁgu
AOUNITLIA %ﬂﬁlﬂ%@iﬂﬂﬂi%ﬂWlﬂﬂmﬁﬂﬂﬂ1uﬁ1ﬁﬂ Usznoudle & mmmmummuwummm
(Rotor mill) A3 0IUAND D ADUINIBS (Hammer mill) m’%mmﬁ'wgﬂuaa(Ball mill) TCIGECE
uAULUEY (Pin mill) daumsualavangunginouaziieluGosweanissnm Volatile Fuos
Hautls (powder Color) sudane 135 Hygienic 1Judu wazlunavuaveans paua N Rteq
mﬁ”m@‘ﬂma (Ball mill) ﬁmmmmzﬁﬂumm@’?ﬁ@gﬁqaawﬁﬂmﬂﬁq@

Thirupathihalli Pandurangappa, Krishna Murthy 11i¢ Balaraman Manohar (2013)
145501304 n3dANYINITUAVI UV me‘haamNﬂai@maﬁ%{mmmiﬂizmﬂcﬁ"mumﬂ
(Particle size distribution) uazwﬁ’wmﬁi%’ (Energy consumption) G?f A @;Lﬂusuﬁyumn (Mango
ginger) mm%u 8% mmum%wmmuﬁ’aum%m (Hammer mill) YU1AFALUNTI 3.0, 1.6
1A% 0.5 mm. HAZIADIVALTLIT Y (Pin mill) fisasimsilou 5.7 kg/hr ntuimsdimsed

v o { a 4
N1INITINYAIDUNIA (Particle size distribution) !Lﬂ?JWﬁ\‘l\‘l'luﬁﬂl“]ﬂfj MUTAUNTNINAUAAITAT 10

J o W 1 o Y] {o & 1
msnaaesagyl1d vueeyunin (Particle size) InnudAymonuanyuzvesiagniuiuae
MIMIAINITNIZBA0YNA (Particle size distribution) NOMIIFMIUATMZAY TaBUNS
Rosin Rammer Bennet ﬁﬂ’JTJJL‘H‘JJ136%11&ﬂ1§ﬁ1ﬁ1ﬂ15ﬂ3$i]”IEJ@T’JE]Lq!ﬂWﬂ (Particle size

9 v ] 1
distribution) 916NV IIVUIAFALUNTIVDUATOIUALVUAD UGN (Hammer mill) dINAAD
o Hdq v < 0o q W Y o P 1 A < . .
wasunle mngazunsuanasasm 1ims lewasanunuay tazinsouatu AN (Pin mill)
= Y 1 A Y A . 19 9 o
ImsaavuIaeyNA lagInI1AToIUAIDUADIMIBY (Hammer mill) ualdnasaulunisan
YUIAFINI
YR d‘ o w A
1. S. Tumuluru taganiz (2013) ladnyuses masaulunmsua tazauaniia
14 4 (24 o

NMamMennueeraiIUsiad (Barley) ¥1at17a1a (Wheat) 1134912180 (Oat) ttazdaduar Tu
a1 (canola straws) 1@ INATDIFY (Chopped) HAIATDAUALVADUIN I (Hammer mill) 4
o [ { a Jd <
mnmsdSunlasumsiimesais q Ao ANWEITOU LazIMIAFAZINTY (19.05, 25.4 1Az 31.75
mm.) 1NOANBITNAMAVTANNNENTNYDITHANAINITAAULIA YTZNOURIY WAITUTUNY
(Specific energy consumption) AWK ULUUTIY (loose bluk density) AU UULUUTUNE
(Tapped density) mmwumﬂuaqma (particle density) YU1AVDIDUNIA (Geometric mean

. . ' . . : Y1 o Y P
particle size) 1 Hausner ratio 148 Carr index G?f\‘]ﬁ‘;‘ﬂ wa'lda FaduaiTual (canola straws) 195
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WU UNTE (Specific energy consumption) ﬁwﬁqcﬂ #0 1.96 kWh/t A3 09d (Chopped) 118
3.94 kWh/t a3 eauauUUReUIN I8 (Hammer mill) ABVUIAFAZUNTI 19.05 mm. Ty
W13912 180 (0at) vhetauniiad (Barley) 19nasugendt uazaimaldndanudume oy
A Lﬁeﬂlumgmuﬂﬁuﬁﬂm Tua U UANTANIINININUBITAUAINITAAYUIA
NV YUIAVDIOYNIA (Geometric mean particle size) WA 0.988 - 4.22 mm. ANUHUIUUTIY
(loose bluk density) 191136 - 80 kg/m’ ANMUHUIWUUIUNE (Tapped density) 1A149-119 kg/m’
ANUPUIUUDYNA (particle density) A1 600 - 1220 kg/m’ AIANUNWY (porosity) U1 0.90 -
0.96 m5uTaT 158 (Barley) 19919818 (Wheat) ¥1991218A (Oat) azsaduan Tuan
(canola straws) AINE1A wazfid 10y AD YUIAVDIDUNA (particle size) UHAADANUHUIUY
593 (loose bluk density) HAZAMUUUIWUUTIUNIZ (Tapped density) na1IAD mﬂ’ffaaﬁmum
dnas azshl¥aa iy

Ladan Jafari naimi (2008) l§naaeufierfunuusiassmsanviiangiensm
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AT ULUUADULHIYY (Hammer mill) mug‘ﬂ‘n 3.3 v lunisan

o AA o I 2 = 1A a A Y I
ﬁumman‘nnaﬂummﬂwﬁuwﬂmﬂlmﬂﬂmnmﬂmﬁlﬁmﬂn 10 - 50 Yaauag Glﬁaﬂﬂlu’lﬂlﬂﬂaﬂ

Y i
= =

A = a A 1 [ A = 1 A o
N30a108ANINTYUN 0.1 - 1.0 Hadtuas dIUYsznounanvedInsosd 2 d2U Ao ludy
9
(Hammer) 11azAz1n34 (Grate plate) Taoluduaaasuutnumalvesn unyuniondl Stopper
1 J [ A Y [ A 9
ma“luﬂlquﬂmgu AIUASINTI mmsnﬂimﬂaﬂuﬂlummmg"lﬂmmummqmmmsaﬂ
o A A A A A o qyu a A
VUIA HANNITVDATON A0 N15A WIorhanszny LW@VI"Iiﬂlegﬂ'lﬂLﬂﬂﬂﬁ'Lmﬂ’ﬁ]ﬁ]ﬂ §YS ARG
1 9 9 i1
TAQIRAOURIUTRIALTEHINAOU NUFAzINT szt Inanvauesingas]d natlnsedy
Y A . = A o ¥ <
HUUABUMILY (Hammer mill) 92032 VUABINANDYIYTUNITIZVI8DINIAAIY Tagna'l4l

< 1 Aa
ANVETIVINUHYUYTZUIY 40 - 50 1WATABIUIN (Loncin and Merson, 1979)

517 3.3 wSesFunDUROWWIES (Hammer mill) 80 STEDMAN (STEDMAN, 2019)

o o Y A 9 A Y a
Waay (Blower) MmN lunsasanssuaannsnoInalvinanis
4 d &y 1w & o & v
waeunvnnganile lldsdnganila Tasmsioruzusu@oaniuvesszuy aediuilsznovvan
1 A o [ QJ Lﬂ' 9 [ v A t:l
2 @9 Av luwa (Impeller) AUAAATOI (Case) A3 UFUnVUIUNANMIDDAULVNANAINKAY
[ [ 9 [ [ a dl 9 % [] o ::' 9
AUANEAZNT IFY 8AT1NT 1a HazaNuANADIANABINT Areg1aNaaY (Blower) N19a1u

lugaannssy mugin 3.4
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310 3.4 Waaw Blower) w1 T1¥in Backward Curved i lF s lugaa1ving sy (HARTZELL, 2019)

A < @ o [ I
insesanvuineymaveudauduiudilevds iWunmsesnuuulag
y A < R 4 y 4

HauRaIu3Uuu AT 19U UATRIUALYLITY (Pin mill) 1ATDIFUNDUADUINIY (Hammer
mill) tazyinay (Blower) 11aaenu awiili 3.5 Taseenuuulinsdouiagduiiagg Center
4 o 4 [ o [l @ a 1
YDAATOI AAETVIATDIUALU LT (Pin mill) tlagwaay (Blower) muﬁ’mmaamﬂqﬂmzag

F) Y o o [ = [ A o
MEIAUVUARENVNAAY (Blower) lagaiuilsznauvianil 3 @21 Ao 1A59 (Case) luna

q' . g’/ dy L% o g . .
(Blade) tta 11119 (Fixed blade) atiguuuluiavzeenuuyTaslszgnalusiavued Pin mill

ez lUMav0d Hammer mill 191@208U

=~ A < v o @ 4
317 3.5 1n3esanuuaeymaveudautlaiudlenas (155uand Yo, 2558)
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A <3 [ 3 = o R Aa )
ﬂ']ﬁ!.ﬁf]ﬂﬂ')']lllﬁ'lﬂa']ﬂﬁl‘UWﬂ Lﬂu’aﬂﬂﬂﬁ)ﬂwuwummmﬂﬂﬂumi

o

P
A 9o

4 4 3 ] o [
@@ﬂ!kﬂﬂlﬂ%@ﬁaﬂﬂluWﬂﬂL‘lﬂWﬂ !ﬁﬂcl‘ls)'lﬁluﬂTiﬂ']Wuﬂﬂ'ﬂiJlﬁ'Ji@ﬂﬂlﬂﬂllﬂulWﬁWﬁlUWﬂ MURIVY
Y o Y a oA 9 A < . . o w a a [
ulﬂ‘ﬂWﬂWﬁ‘ﬂﬂﬁ’f)\?Gluﬁﬂﬂﬂgﬂﬂﬂ?ﬁﬂ?ﬂm'i’f)\‘]‘UﬂL!fU‘UL‘Ull (Pin mill) YHIANIAINITHAH 5 nlansu
' = Y Aa (] . A= A v
Ao 1Ag91909AIINITITOVINAI5 19D Loncin and Merson ﬂﬁﬂ‘]el"lnl'ﬁulﬁf’)\iﬂ'lﬁﬂﬂlﬁuﬂﬁ

Y o ~
Ll,azﬂﬁﬁl‘b\ﬂu’qﬂﬂﬁﬂﬂuﬂ1iaﬂﬂlu1ﬂ61§ﬂ1ﬂ ATUAITNN 3.3

{ a L
M50 3.3 paauia tagmslFauglnsei lumsaauuineynn (Loncin and Merson,1979)

Peripheral
Type of equipment | Types of force Typical products
velocity (m/s)

Pin and disc mill Impact 80 - 160 Sugar, starch, cocoa powder,

nutmeg, pepper, roasted nuts, cloves

Wing beater mill Impact and 50-70 Alginates, pepper, pectin, paprika,
shear dried vegetables

Disc beater mill Impact and 70 -90 Milk powder, lactose, cereals, dried
shear whey

Vertical toothed Shear 4-8 Frozen coffee extract, Plastic

disc mill 17 materials Coarse grinding of rye,

maize, wheat, fennel, pepper,

juniper berry

Cutting granulator Impact and 5-18 Fish meal, pectin, dry fruit and
shear vegetables
Hammer mill Impact 40-50 Sugar, tapioca, dry vegetables,

extracted bones, dried milk, spices

pepper

{ J < o
ﬁnﬂ@]”lﬁ%i‘ﬁ 33NN ﬂ'J"I?JLi'J‘]Ja"I81‘1_1Wﬂ1Hﬂ15ﬁﬂﬂ]u1ﬂ@1§ﬂ1ﬂﬂlﬂﬁuﬂﬂ
S o o = 1A A A Y A [ . . v &
WaNUa 1z naIln 80 - 160 ATABIUIN LIDUANIYLATBIUALU LU (Pin mill) AYUUNT
a oA Y o o o A ] o 1
naaesluliams gidudennaassuaudaiudilzndinanuialatelua 4 a1 fle 60,

1T Aa % 1 { ] y
70, 80 1@z 90 memmﬁ @QWE‘]T‘IT?VI@E‘]’E}QWU’N ‘ﬁﬂ’N1]Li’J‘V]QﬁﬂJﬂﬁﬁJ"ﬁﬂaﬂ"UuiﬂﬂuﬂTﬂ
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[ gj A <3 o o v Yo K
auiuMIvenuuUIAIBIanvLInoynavendudaiud1le nas §ited
o <3 o Y 1w 1A AR & 1 Y A
mvuannuizlareluia iy 88 wasaedui suiudrminwanisinaassdieniosun
. . .
uuUAY (Pin mill) A1vwadnga
° a o S A o 4
3) Msmmvennavemesiie 1¥uiuNI 0vanvLIROYNA
IATDIAAYUIADYNIAYNDDNLUUAIINTHTUHEIUTENINIATOIUA LAZ
o v 5 ) J o ] Y o R R o @
waan auiumsduamamasnu lldhiuiudesdiiletesnsinis lva uazussduves
A ] Y A = v 9 = o = o
p1man lnarudemies luvazidernudesiusinsgnuveauiaingainmsavesluwa
1 ] @ 2 o A o =K a 2 1 A Y Y
deriulnsgnuiuluis vagdrInssweunses lumsmuiaisaaniaesdruie ligndes

v
AUHANNIIAINT TUAIY

dura lasldndnnisveanaay (Blower) U@ UN15UDY Burton (2002)

U d9‘
al
0.283
QairP1 [(P
p, = —arfL (% L & (3.2)
17.4emegp | \P,
e P, fAe  wasnunaesld kw)
A (% 3 o
Q... o 8031115 11av090 19 (m’/min)
A a A 4
e, Ao Usz@nTamvewonos (%)
A a A A’
e, Ao Usz@nTamveuniosanuiia (%)
v W o
P, fo  AnwAuduyIsiaud (kPa)
= [ o d Y
P,  fAp - anwAuduysaiauesn (kPa)

mvua liulaeina lvaminy 1,000 gnuiafuasaeni Use@nam
4 a a 4 [ [ 4 a
YIUOIADS 80 %UTTANTAINVOUATOIAAUUIA 80 % AWAUTNYIA UL 0.78 1 A

1han1a anuauduysaiauenn 2.45 i lathana weunum luauni 3.2 vz ldamdeanu
9
Tihaail

1,000(0.78) (2.45)0-283 ]
— 1] = 96.66 kW (3.3)

W T 7.4(80%)(80%) | \0.78
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Ex = Emv2 (3.4)
= @ 4
19 Ek 9 NaduUIaU (J)
M An  WIAv09IAY (kg)
A [ < [
A% o 9971TIVDIINY (m/s)

v 9 v
UNUAAINANMTN 3.4 92 ldAmsansyihndeiunuazmulIanauz laa
[ 1w a v J
wasnu Iy 84.41 nladad
o g’/ 1 1 1 [ o [ FxY d'
INMIAUIUNITIEIN WU amasnu lihdmsuldiunsosan
= a v J d‘ 7 ] [
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MAIANTTUBEY 1.10 111 aariu lumslFnuasudenuamasviuia 110 A latad laainiu
Uaoant (Safety factor) (MY 1.13 — 1.30 1911 FIQNABIATNHANNITNIIAINT TY
4 mseonuuujduvyluwe
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A 1dna1n 139194191 193990 UINBYNIAYNOONLUUAIGNTS
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A o 9 = . @ I o o
IATOIFUHVVADUINIBY (Hammer mill) taz Tuwanuunamilumsiiaesnngluunluiaves
A <
AT0IUALVUIUY (Pin mill)
luvianuuSeu awgda 3.6 gnesnuuuadienuluiia (Impeller) Yoatia

v 3 v A A A o o A o Y a
ay L!a$§lﬂLLUU%@QiﬂW@LﬂuﬁuﬂJlﬂaEJ?JLW?J’E]UﬂUGl,‘UﬁTJ"Uﬂﬂ!ﬂiﬂﬂﬁﬂl!ﬂﬂﬂ@u!ﬂ?ﬂﬂ (Hammer
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51/ 3.6 luviauuuiFoy (Flat blade) (23501008 17304, 2558)

@ = { 1% [ 4
luwaunuizey auzaln 3.7 gﬂ@@mmmﬁﬁﬂﬂmw (Pin) Y9IATDIVA
< . . = d 1 v a A Y Y ' 4 a a A
HUULUY (Pin mill) mgﬂuwauﬂamwumgiﬂniﬂwmmﬁumuﬁuﬂﬂmq 52.20 UAalUAT WD

v Y
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600

$52.2

600

L1

51 3.7 Tusianuunan (Round blade) (355Mand 11304, 2558)

A Yo o v o o o A
5) ﬂ15la'ﬂﬂﬂlGIf'JﬁﬂﬁTﬂiUﬂTiUWﬂllﬁgﬁjlﬂiﬂq

A < o o 1% < A [ A a
Lﬂ3'8)\1?3ﬂsllu']ﬂﬂHﬂTﬂGUﬂquﬂ!lﬂquufﬁﬂzﬁﬁ\i !ﬂULﬂiﬁ\iﬁ]ﬂﬁﬂgﬂﬁﬂﬁq
sazldaulunszuaundauduiudn)zrdunsagedmsugaamnssnems FdoarIuaIY

Y

9 [ @ @ 3|

1ATFIUTTVUANNIaARNBA 181115 (Foods safety) Aatiugiseduden ldiaqiluauan
aANIATgIU AISI 304 1 a3 19 utia LagannTos FeduauaanIIATIU AISI 304

30 1S 1.4301 HAnauianana awns e 3.4 nazguauianiunil M 3.5

M13°99 3.4 AVITANINAVDI AISI 304

Properties Unit Value
Density Kg/m3 7,900
Young’s Modulus (Modulus of elasticity) at 20°C GPa 200
Tensile Strength MPa 520-720
Yield Strength MPa 210
Shear Modulus GPa 79
Poisson's Ratio 0.28
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M13197 3.5 AUANUAMUATUDI AISI 304

Steel Name | Number C Si Mn P Cr Ni

X5CrNil8-10 1.4301 0.07% 1.0% 2.0% 0.045% 17.5%-19.5% 8.0%-10.5%

6) MIAATHAMANUUTWIIvedlusa

0. luauuuisey

Tusuaeumssonuunldimsinagianuuiwsveslusia el
ANT0AATIZHDIPABOUAN vodluianauu ey tazuuunay iofmuasasimsilew
uflaisy 8,000 Alaniuaetalug AnuEaeluiaminy 88 wasaeud uazAINgau
Ilihdadeaseil 110 kw aindeyasumizvesuemeinidenidnuie vemes llfwila
Induction motor ?jﬁ}@ ABB UU19 110 kW., 3 phase, 50 Hz., 1,500 rpm., TypeM2BAX 315SMA 4,
MuUMANUIN 2) 92 1A WTITAMIAY 706 N-m. tazaszerSanvoluiaminy 0.525 was

9 1 Y
aaiuasamIamILsInsemae luwa luuissmnumuaumsi 3.5 Aail

Ty =F xr (3.5)
= a
119 Ty 9 11591Ua (N.m)
A o
F o 15952 (N)
r Ao fl‘“ﬁﬁmmﬁmm'myugﬁmmﬂuﬂﬂizm(m)

unualuaunsn 3.5 o ldasanszrmaa lusialutuiszunuminu 344
) Y
KN 9 HUAAT Safety factor 1M10 U 1.5 1911 aduuaAwsansziae luwa luuuissunuminy
g o < : ] . . 1 o
2.016 kN viniu 19 Talsunsudu3agal Ao Solid Works 1uiandn 13 Simulation wu31 luwa

= = <3 = ' 9 ISP . 1w &
HUVESVUANUUIUTANGINDADMT 1B1U TaglaT Yield Strength gRFAMNINY 7.892 MPa %3

1e8n31A1 Yield Strength ¥893AATMNIAY 210 MPa d115UNAN5 Simulation FI3ANAALT

q q

o A 1 a v 9 ~
nszsinnigaegusnm Iauluwamulunaanugli 3.8
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won Mises (N/mm#~2 (MPa))

7.892

7.235
. 6577
. 5919
. 5.262
. 4604
. 3.946
_ 3.288
_ 2,631
. 1.973

1.315
0.6577
2.213e-006

— Vield strength: 620.4

;iﬂﬁ 3.8 Simulation GhJﬁ/ﬂu‘]J‘lJﬁiU‘]J@ﬂH Yield Strength

wazmstaarvedlusiaies UL inseny wun sudareluiaszinamsia

9ONINUUINTINTZSYIGANINGY 0.283 Naawas a1n31lin 3.9

LIRES [mm]

0.283

. 0259

» - 0236

_ 0212
_ 01589
_ 0185
_aas
_ 018
_ 0.0943

_ o.orar

0.0471
0.0236
1e-030

gﬂﬁ 3.9 Simulation Gluﬁmmuﬁaugm Displacement
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v. luwauuunay
Y ] Y
Tamvuausanszmaenun lunurszuunavuaves luwaming 2.016
1w Y o . . 1 @ < 1
KN U lunauuuizen 1azyinnis Simulation WU JUWALDUAANTANVLVULTUNIINDAD

n3 19911 TaeiiaA Yield Strength gagaInIny 28.088 MPa 34110811171 Yield Strength ¥4

i
[ 1w

AANNINY 210 MPa dMSUNANS Simulation HaAININIUN 3.10

von Mises (N/mA2)
28,088
. 25,748
L 23407
- 21,086
. 18,726
_ 16385
L 14094
L 11,704
L 9363

L 7022

4681
l 2,341
o

— Yield strength: 206,807,008

317 3.10 Simulation Tu¥iAuUINANYAT Yield Strength

uaznisdasvesluiadiesunsanszny aznamsiadrveslusiaiosun

v % =)

vosunuluWaunuFey Taslia1n131ad20009100UIATINTL L FIGANINY 0.000

o—

Naawas awgln 3.11

URES (mim)
00000
' 00000
L 00000

- 00000

_ 00000

. 00000
” 00000
"L o000

L 00000

_ 00000

0.0000
0.0000
0.0000

gﬂﬁ 3.11 Simulation GhJﬁan‘UﬂmJﬂm Displacement
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L 1
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R A=
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SLINGER HEATER AIR FILTER
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A < v o Y I
1) Lﬂﬁ@Qﬁﬂﬂlﬂ?ﬂﬂuﬂ?ﬂm@QLNﬂLLﬂQNHﬁWﬂgﬁﬁﬁ ’mﬂtﬂummumﬁ AISI 304
s A . Sy
2) womes 1Wvhaiia Induction motor 8% ABB ¥11A 110 kW 3 phase 50 Hz.

3) yaUSunnuiErseuuemes (Inverter) 190 ABB JU ACH 580-01-206A-1
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517 3.13 w3esanvaoynnveudauluiud )z ndimsouginyal

332 nsesilouazgilniainly
o a & A < o o o s 9
naIInanaun3osanvuIneymaveulautuiud 1z nasndouginsai
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Tunszurumseuwismmdms Idnamuihnnaaeuuazinudoya saldinseiio uaz
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gUnIallUMIAATIZHIAANL
1) AT9ITAAIANNHUILUUTINUY VLAY (Tappedbulkdensity)?lﬁ'a
ERWERA 1 SVM-121/221 mugiii 3.14
A 1 <3 . . Ay 1 A
2) iAseaseumautl (Sieve analysis) 80 RETSCH ju AS 200 a1zl 3.15
[ 9 v
3) neeIAmANdUYELTle (Moisture analysis) 8% SARTURIUS U MA
35-4 03100 3.16
4y nseiaamaeau vl (kWh meter) 80 HIOKT ju PW3360 augali 3.17

5) 1A3p9IARITIaL B0 SMART SENSOR U AS 856 Azl 3.18

D.

6) ipssaimindinea §¥e SARTURIUS 11 BSA3202S - CW Azl
3.19

7) iaseviannunilauil G¥e BRABENDER Viscograph - E a131#1 3.20
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i1

=
N

JU7 3.14 195093AAANUAUMHUTINUDUIAE (Tapped bulk density)

@10 ERWERA 31 SVM - 121/221 (ERWERA,2012)

/7L

ety

3.15 1nT0950uiautle (Sieve analysis) 8o RETSCH U AS 200 (RETSCH, 2015)
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Z

4 Al o o & , .
g‘ﬂi’l 3.16 193997AMANNFUVD 11T (Moisture analysis)

@0 SARTURIUS U MA 35 - 4 (SARTURIUS, 2015)

MEASURE
e

‘
WIRING ‘
|

310 3.17 1n5093aAmasa Il (kWh meter) 80 HIOKI 14 PW3360 (HIOKI, 2016)
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51/ 3.18 1509 AT 381 B0 SMART SENSOR 1 AS 856

517 3.19 19T eernimiinAdnea 8o SARTURIUS U BSA3202S - CW (SARTURIUS, 2015)
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517 3.20 1n509iARM Hauls B0 BRABENDER Viscograph - E

3.4 mMsmyviumiade uazdsmsnaaou
3.4.1 ﬂ']ﬁﬁ']ﬁl!ﬂﬂi]iﬂsluﬂ'ﬁﬂﬂﬁﬂﬂ
Y o 9Y o v A [ [l 1 I~}
ﬂ')fl]ﬂvlﬂﬂ']ﬂuﬂﬂfl]i]ﬂﬂﬂ'lﬂ'ﬂﬁ]gﬁﬂNﬁﬂ531/]‘]J@]'E’]ﬂ’l5'[3@]"1]1!’]@@1;!5]’]?]%@%1]@&!‘]11

@ 9 o (%

Y
[ 9 a o o Y] [
Huderdananua 510938 Uszneudie siaulaiudrlznas PRI INSTRE dasimitlou
dy @ o @ < o Y o a =) v A [
anuruvssuduiudilends tazanuGareluwa vazlamvuamiaiimeson 2 dan lal
Y o o ~ A @ [l v @ A
@oarnsUSulasual Avons 1M Imaniaema uazszezrialunanuluile uaasaiu

A
M1 N 3.6



65

A a o A FY
A13197 3.6 1510905 N 1% lumsnaaey

W3 WU Taig5um U5um
815113 WanIaeIma kg/h 60,000 -
szgzvinaluwasyludia mm 35 -
siauaiudilznga - - uifaiudilendany

uilaiudilzvdaaauls

siunvlusa - - HUDTY
HuunNaY
89313 TToU Kg/h - 7,000
8,000
| w o
ANuFuvelaiudenas % 11.4
12.4
anwuslangluiia m/s 76
88

~ Y o a P 19 Y [ Y] = A [
115199 3.6 laimuanslimesi lidesdesiinislfunlasun fie oas
' EY
m3 lvawraems wagszezialuianulutis Memaransil
1) 931113 IMauIaeIne 1o Insz DU uMEIU DN MEaY K11 2
(] = o A ) Y 9 1 o g‘/ o o ~ 1" W
pgnlunandernu Ao msrhldudaazmsvuaiends duiumninslsunlasumsas
v 1 ' X <] o
M3 lvawraeimavzdawansznuTasaseaemsvunieudeulUinoluleTa nagminiinms
YSvasvzdrlduiunanisgadulunevunie’ld saudalszansnmmsaatuduuieves
[ Y =~ 1 9
o Tnau vzanasdinaldiindsgydeeonnnszuulsmamnniuldannsoniuguld
' ! ! 9
2) szogvidluwanuludisiiieosninniosanvuiaeyningnanasly

a é IS T

NILUIUNMIHANII Falauddenlunsiunlasu azdanansgnuaemidinisnan

a &9 =

o & A ' D) o A Y=y
Taoase aeuiaaadandld luanson ldUSunldsuszes 1a39dosvonuuy uaz
o 1 Sldl Aa a ) [ d' 1w 1 g}/ I o Y o ] =]
Mruan 139 35 Tadwas dmsvinvesmainainiugive ldmmuaauszeziialudnuly
A d‘ . d‘d 9 a
199041A504 Denigrator N1 1311 lunszurunaavoslseau
v 1 Y
uazmuuailadenminsUsunlasunavua 5 19938 Usznoudae wilauilaiu
2

o @ @ [ o o [ I~ o
dlznas glunuluia oasimstou anwduvewdaiudlznds vazanuiidareluvia

~ 9 [ A 1A [ dy
aunanaelsunlasuamimenanail



66

) wiaudaiudlzvas nalsanuiimsnaautaiudilevias 2 siia Ao

Y] o v A Y o [ % [ all d’ Y a [ 4

uflaiudlznasdn nazuduiudnlzvaenauls aniuieldmInageunseunqurannmal
{ a I % 4 1 v W [ g’z o ) [ gﬂ a

Alsanuranduiudsaimsdsunlasuavsafaseainaid dnnauilaiudilevdana 2 viia

Y
g %

[ 9
WTUADUMTHAANUANNATINY ﬁ'lﬁlﬁ}ﬂ%ﬂﬂﬁ?nﬂ'ﬂ%%ﬁ\iWaﬂigﬂﬂﬂ@ﬂ'lﬁaﬂelluWﬂ@lgﬂWﬂ
< o o 1%
mammuﬂmumﬂwm
v A A o = = o
2) E”IJLL‘U‘Uﬁl‘UWﬂ U2 qﬁj‘]JLL‘U‘Uﬂ’E] luwauvisey seeonuuumnluduves

A o v 4 D | o o A
NIDIFUUUUADULYIYY (Hammer mill) T]GlmLNWMﬂwVI‘UE;N wazluanvviGeusIeonUy

9
v o K

4 < 4 o 4 1 [
awluvaveunsosuanuDdy (Pin mill) N1dusaRougs auiudslSonlasunivesilade
1 H 9 9
Aana1 iegransznunaIuInluianaesgluny
3) dasimstou mnuald 2 arde noasinstlou 8,000 flansuassa Tug
=2 & o ~ Aa o 9 ~ a o [ < = g
Fuiludanmstougegannszuiunaadmnsosiila uazn 7,000 Alansuaes Tue Faiu
das1mstlouniszana 90 % voamnaimspaannszuIuNana1uITai la
y @ o [ o 1 ~ { g 1 aa
4) anuasuveudaiudnlevas divua’ld 2 a1 Ae N 11.4 % ndluaaiia
o A a g‘/ . . ~ ~ I 1 aa
NUMNNTLUIUMIHAAAL 13AY Products Specification N1 11.0 % tagh 12.5 % (Humain
NAMGIVD Products Specification 11 13.0 %
<3 Y] o Y A ~ < 1A =~ 1
5) anwisarelua smuald 2 a1 A0 Nausa 76 wasaeIui fum
Y 4 < | LR g g o A A o
INMITNABIAGIATOIVALULIAN (Pin mill) FINUINTUANMFTINNTANTIAINITDAAVUIA
S o o [ Y A < 1A a3 v Aq Y
synavoudaiudnlzvasla uagiinnuid 88 wasaeIui uanlinanisanvuia
< o o) o 9
pymaveuNaudnlzyas ldgagae
342 35Msnagey
~ A A o Qd" 4 o w ~ [
1) @0uNNAdey Ao UTHN @81y AR 415y 9119 tavi 222 1y 10
) a ) ) <3 [ v o a
dualanEesud sunorfuniisased dandadonil 36160
2)  52HLNANATDL
@ ) v A S [ a o
a. uilaiudnlszrdsau naeeuiuszeznan 20 31 dunilanaasy 1,000 du
o o Y Id o a o
v. uilaiudnlzndadauils naseuiluszeziian 20 Su @uuilanaasy 1,000 Ay
Y 9
Y o [ (4 a o a ) [
3) JuAUMINAFDY MnsUSuaImsumes lunszuIuNTHan 115
Y o o [ @ o [ I Y d’ @ dy
puuuiudlszndsauuaziudnlszrdsdanls 19 ldawRou lumisnaaeuaail
n.ons1louLIAIARADR 7,000 LA 8,000 A laniuA 2 11

X @ a A J I Y
V.ANUFUVBIINYAUN 114108 12.4 Lﬂ@ﬁlcﬂuil']ﬁiﬁ']uuﬁﬁ

] H 1 <3 o 4 =Y
. Usunlasumanuizrlarelusian 76 uay 88 wasAe IR



67

@ 1

<3 @ 1 A v 19 A A o A <3
4) INUAIDYNNN 2 GD"JI?J\‘]iHLLﬁﬁ%NfJuul"U UAaZIANTNWYIATOINDIALNDIND

9 o

9
VDYANIINATDU Aail

[

- AAMANMURUIUUIINULUIAIZAINITNITUATIZN (MARUIN 0.)
£1989M1UNINT 3714 ASTM D6393 : Standard Test Method for Bulk Solids Characterization by

Carr Indices

[ 1

- mmmm“ﬁumﬁ%mwﬂﬁaummgm (MANUIN V) 51@5&@1u
UINTFIU ISO 4317 : 201 1(E) The Karl - Fischer method for determining water content.

- JamfSunaingAuauitaziunIanasgIu (MARLIN A.) 8199901
1193314 ISO 3310 - 1:2016 : Test sieves - Technical requirements and testing - Part 1: Test sieves

of metal wire cloth

[

1 %’ A, Y a
- @mmmwﬁmmumﬂmmﬁmmgm (DIANUIN 9.) DINBDIAUY

U133 1U ISO 7973 : Starch - Determination of viscosity

) ¥ ~
3.5 ﬂ]‘iﬂigqﬂﬂ‘l‘lfﬂ]iﬂ@ﬂ!!‘ﬂ‘ﬂﬂ]iﬂﬂﬁ@ﬂ!!‘ﬂ‘ﬂuwﬂﬂ@!iﬁlﬁ

Jq0 ¥ ~ g Y v Aa 1 1
“]J‘i%iﬁﬁi"]fﬂﬁf]f]ﬂlmﬂﬂﬁﬂﬂa?NL!‘U‘]JLL‘V\IﬂVI’E]LifJﬁLﬁﬂﬁ?ﬂi}ﬂﬂﬁaﬂﬂhNﬁ@]ﬁ]@]@fﬂ‘iﬁﬂ

[

N

< v o @ % @ a v o
GUu’l@@Hﬂ’lﬂﬂlﬂ\ilﬂﬂllﬂquiv!ﬁ']ﬂgwaq MINUA 5 ﬁlﬂﬂﬂ ﬂjgﬂaﬂﬁljﬂ G]fuﬂl;lﬂdllua1ﬂ3ﬂ
Y o
AR

Y H
siunnlia sasmsdlou anwsuvewdaiudilzwas vazanudlawluwe Tasidise

16]95}ﬂ1‘566ﬂLL”]J”]Jﬂ1§‘1/W1E1’ENL"Tf\‘]L!‘1/\Iﬂ‘V]‘§fJGEla

v

WAIIUNITNAADY LAZTIVTINTOYAATUAIMATNTNIADA 909z 19 Tl sunsuiil

]
v A

I 4 1 § A g @ @
un1l (Minitab) 13)utnSoetion sz urananisnaasa iindnseiarfasevianvanndana

1 <3 v o v = 9 1 1 ~
ﬂigfﬂﬂﬁ'ﬂﬂ'ﬁaﬂéllu']ﬂ@k!ﬂ']ﬂﬁuaﬂuﬂllﬂ\jllllﬁ']‘llgﬁa\i °N%$1¢1ﬂﬁ13@1@1ﬂ114ﬂ’ﬂ‘1/1 4



a
unn4

a v a
namsIvauazmsendsena

[

ya Y o a a o gj d‘ d‘ = L= o a
AR ﬂulﬂ uuumﬁmmmuﬂeummmu"l%‘luuww 3 UHAZUNMTUUNANANITAUUY

Y
U

aw 1 9 [ g o oA o A gj
\1']1!'3%811‘!5"1‘!@@1‘!@']\1“] ﬁ']?iﬁﬂcl,uuvlﬁﬂgllﬁﬂﬂﬁﬁWaaW‘ﬁﬁUlﬁ)ﬂ']ﬂﬂ']ﬁﬂ']Luu\ﬂu@nﬁUuﬁ@uﬂ’]ﬁ
o A Aw { . o A Ao v J oA
ﬂ']l,uu’J%fJGlull‘ﬂﬁ 3 ‘%Qﬁ'lll159Llﬁﬂﬂﬁqﬂaglgﬂﬂiuﬂ13ﬂﬁlluu\‘]']u'JﬂfJ HASHAANTIINNITAUUY
F4
e laaese 1l
a o [ o { J U 1
4.1 Wan1InNaaoy Llagﬂ']ﬁ'llﬂﬁ’]gﬁﬂzﬂzﬂﬂﬁaﬂﬂﬁﬂﬂaﬁ@ﬂ1ﬂ31uﬂu1lluuﬁ'JiJL!UU
imzveandaiudilzvuas
a o (% v A 1 = 9 [
4.2 Wan1Inaaoy LlagﬂTﬁ?LﬂﬁTgﬁﬂﬂﬁ]ﬂﬁaﬂ‘ﬂfNWa@]@ﬂ’]ﬂsﬁuﬂ1ﬁﬁlsﬁwa\1\ﬂu1wﬂ?
< v o @
Gluﬂ1iaﬂ6Hﬂ1ﬂﬂjaiguﬂtﬂﬁuuﬁ1ﬂzwaQ
a 4 { { v 0 1 ]
43 ﬂ’]ﬁ'ﬁlﬂﬁ’lgwﬁﬂ’]jgﬁlﬂu’lgﬁuﬁq@ﬂ]@ﬂﬂﬂ%ﬂ@@ﬂ’]ﬂ’)’lmﬁuuluui?ullﬂﬂlﬂ’lg
yoautlagiudlznas
a J A { [ 1 woA [
44  msuangdanzimuzauigaveslidoaeaiarinig ldnasau il
< v o @
ﬂ’lﬁaﬂsllu'lﬂ@‘k!ﬂ'lﬂslla\niJﬂ!Lﬂ\nJuﬁ’]ﬂ$1’iﬁ\3
a 4 % < v o @
4.5 ﬂ’lﬁ']&ﬂi’]gﬂﬂ'liﬂigi]1ﬂ@]j%ﬂﬂ@gﬂ’lﬂ!ﬂﬂ!iﬂﬂﬂﬂﬁ’]ﬂgW'ﬁ\?
a Jd 1 v o [
4.6 ﬂ’li'Jl‘ﬂi’]gWﬂ’lﬂ')’lllWu’]L!uui')lll!U‘Ulﬂ’lgellf]\ulﬂ\illuﬁ'lﬂgwaﬁ
Aa d1 v A Y o < v o @
4.7 ﬂ’lijlﬂi'lgﬂﬂ'lﬂ%uﬂ’liclclfwaQQ’]‘L!Gluﬂ’liaﬂf]uﬂ’]ﬂﬂlﬂ%u@Llﬂ\?iluﬁ1ﬂ$ﬁa\1
a 4 v Y o v Aa Y ) [ %
4.8 mi’umwwNaﬂmﬁmJGleumuﬂmumﬂzwmﬂmmg!,l,ﬂmumﬂzvimﬂmlﬂi
AOULAZNAIATUIAT DIAAULIADYNIN
a J =3 1 A 1 v o [ = a
49 ﬂ']ﬁ3&?’1513WL‘IEEJ‘]JW]EJ’]JﬂTIGBQTﬂhluﬂWiﬂluﬁﬂllﬂﬂﬁJuﬁhlﬂgﬁa\‘l NIUNTIAULAS

luAurunsosanvaeynn



69

[

a g 9 o ] ~ o = I
NUIBUNAaRIAIENTeRNLUUNAasIuUULHsAsUTaaneisoa 2 STy Fullu

v
ad aa v =K [ v !

’J‘ﬁﬂuﬂui%ﬁWﬁiUﬁﬂHWﬂﬂﬂﬁﬂﬂNaﬂigﬂﬂﬂaﬂﬂ'lﬂlmazﬂﬂﬂwﬂ HAEHANITENUIIVVDILADE
9 9 ]

Jade natidedendnulsznoudle 5 Jatendan ldun silauduiudilzwas jUuuulusa

@ tg @ o [ < @ o 2
@ﬂ31ﬂ13ﬂ@u mmw%mﬂmumﬂwm wazanuisIdarelua Tagminsnaasanviva

v
1w =<

(2°) 10U 32 MINAaod F31ade uazseauvoufadenldlumsnaasaaasniuaisnei 4.1
Y Y

v
ﬂﬂﬁﬁl%ﬂﬁﬁ\l"lmLLﬂ\HJ‘L!ﬁT]JZﬂaQGluﬂTiﬂﬂﬁ@\i!‘l/ﬂﬂ‘ﬂ 60 @uuﬂmemimam 'i?lﬁJ‘V]\‘]‘ViiJﬂﬁlG]gf}

uilaiudlenaalszana 2,000 du Taeliszezinainsnaaslszuna 1 Ao

A o A 1 < @ o [ v o A
A1TNNN 4.1 Lﬂi]i]fl(ﬂa\?Wa@]@ﬂ’lﬁa@ﬂlu’lﬂﬂuﬂ’lﬂﬂl@ﬂlﬂﬂuﬂﬂNua’]ﬂg‘ﬂa\? Llagﬁgﬂﬂﬂlﬂ\?ﬂﬂﬂﬂﬂ

15 lumsnaaes
Levels

Parameters Unit

Low High
Type of starch F Native Modified
Blade type - Round Flat
Feed rate Kgh' 7000 8000
Moisture % 11.4 12.4
Tip speed m.s’ 76 88

a 4 v} [ 4
4.1  HANINAADY HAZNIINAIIZHTAVYHANN AINANDAINITNAITNHUIUUY

W [} U
5’3“%@\1!!11@““@’11]31’1@\1
a o dy Y a (% d' (% a a Y
Han153981 1da1nn s unaaa Ui U 099nssalunssuaunisnaauilasiu
Y Y
#1lends luduasuveaniseuiiauia Taginfasenanua 51938 laun 1) stiauilaiy
4
o [ @ [ @ o @ <3
dnlznas 2) guunluia 3) dasimsdou 4) anwduvewndauiudnlzvas uaz 5) A
Yarwluia ldeenuuunisnaasanuusaduiiaunaneiSea (Fractional Factorial Design)

Tagimsnaaodi 2 szau merladenanniinaodisd1AyaoA 1AW HUIMHUT NI

Lﬂ?%ﬂl@ﬁllﬂ\iﬁﬂﬁWﬂ%ﬂﬁjﬁ GTNWﬁﬂﬁ“l/lﬂﬁ@\illﬂﬂ\iﬁﬁJ@ﬂiN“ﬁ 4.2



A5 4.2 MTOBNUVUNMITNAADILAZHANTNAADY

70

Std order Type of starch Blade type Feed rate Moisture Tip speed Tap bulk Power
(ke/h) @) (mfs) density(kg/mz) consumption(kWh)
1 Native Flat 7000 11.4 76 695.01 73.57
2 Native Flat 7000 12.4 76 680.57 75.41
3 Native Flat 8000 11.4 76 681.31 76.14
4 Native Flat 8000 12.4 76 688.74 71.29
5 Native Round 7000 11.4 76 645.23 62.24
6 Native Round 7000 12.4 76 640.58 63.48
7 Native Round 8000 11.4 76 642.39 64.42
8 Native Round 8000 12.4 76 640.87 65.06
9 Modified Flat 7000 11.4 76 672.15 71.27
10 Modified Flat 7000 12.4 76 668.76 72.70
11 Modified Flat 8000 11.4 76 665.36 73.76
12 Modified Flat 8000 12.4 76 658.28 74.50
13 Modified Round 7000 11.4 76 641.18 60.51
14 Modified Round 7000 12.4 76 631.71 61.72
15 Modified Round 8000 11.4 76 642.15 62.63
16 Modified Round 8000 12.4 76 631.24 63.25
17 Native Flat 7000 11.4 88 720.54 90.49
18 Native Flat 7000 12.4 88 699.25 88.23
19 Native Flat 8000 11.4 88 705.12 89.85
20 Native Flat 8000 12.4 88 702.87 90.15
21 Native Round 7000 11.4 88 658.49 75.56
22 Native Round 7000 12.4 88 650.58 74.28
23 Native Round 8000 11.4 88 653.51 76.21
24 Native Round 8000 12.4 88 651.64 75.89
25 Modified Flat 7000 11.4 88 703.70 87.66
26 Modified Flat 7000 12.4 88 701.73 85.05
27 Modified Flat 8000 11.4 88 698.57 87.26
28 Modified Flat 8000 12.4 88 691.47 86.90
29 Modified Round 7000 11.4 88 655.57 74.43
30 Modified Round 7000 12.4 88 646.23 72.21
31 Modified Round 8000 11.4 88 649.23 74.09
32 Modified Round 8000 12.4 88 641.28 73.78
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All displayed terms are in the model.
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dlenas
Source DF Adj SS Adj MS F-Value P-Value
Model 15 20781.8 1385.5 66.86 0.000
Linear 5 19973.2 3994.6 192.78 0.000
Type of starch 1 781.0 781.0 37.69 0.000
Blade type 1 15822.0 15822.0 763.58 0.000
Feed rate 1 141.3 141.3 6.82 0.019
Moisture 1 336.1 336.1 16.22 0.001
Tip speed 1 2892.8 2892.8 139.61 0.000
2-Way Interactions 10 808.6 80.9 3.90 0.008
Type of starch*Blade type 1 147.4 147.4 7.12 0.017
Type of starch*Feed rate 1 12.1 12.1 0.58 0.457
Type of starch*Moisture 1 3.6 3.6 0.17 0.683
Type of starch*Tip speed 1 77.0 77.0 3.72 0.072
Blade type*Feed rate 1 33.5 33.5 1.62 0.222
Blade type*Moisture 1 0.4 0.4 0.02 0.893
Blade type*Tip speed 1 464.3 464.3 22.41 0.000
Feed rate*Moisture 1 53.1 53.1 2.56 0.129
Feed rate*Tip speed 1 9.6 9.6 0.46 0.505
Moisture*Tip speed 1 7.7 7.7 0.37 0.552
Error 16 331.5 20.7

R-sq=100% R-sq(adj) =99.98% R-sq(pred) = 99.55%
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Source DF Adj SS Adj MS F-Value P-Value
Model 15 2643.00 176.20 666.12 0.000
Linear 5 2616.20 523.24 1978.09 0.000
Type of starch 1 44.06 44.06 166.58 0.000
Blade type 1 1243.38 1243.38 4700.58 0.000
Feed rate 1 14.27 14.27 53.95 0.000
Moisture 1 0.04 0.04 0.17 0.688
Tip speed 1 1314.43 1314.43 4969.18 0.000
2-Way Interactions 10 26.80 2.68 10.13 0.000
Type of starch*Blade type 1 1.32 1.32 5.01 0.040
Type of starch*Feed rate 1 0.00 0.00 0.00 0.965
Type of starch*Moisture 1 0.10 0.10 0.39 0.543
Type of starch*Tip speed 1 0.28 0.28 1.07 0.316
Blade type*Feed rate 1 0.08 0.08 0.29 0.597
Blade type*Moisture 1 0.09 0.09 0.32 0.578
Blade type*Tip speed 1 8.83 8.83 33.38 0.000
Feed rate*Moisture 1 1.17 1.17 4.41 0.052
Feed rate*Tip speed 1 3.73 3.73 14.11 0.002
Moisture*Tip speed 1 11.20 11.20 42.33 0.000
Error 16 4.23 0.26

R-sq=100% R-sq(adj) =99.95% R-sq(pred) = 99.50 %
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Parameter unit Specification Before After
Moisture (Y%ow/w) % 13.0 Max. 11.4 11.4
pH 5.0-7.0 5.5 5.5
Viscosity BU 700 Min. 800 801
Whiteness 90 Min 94 94
Residue on 325 mesh (Y%ow/w) % 0.100 Max 0.055 0.055
Conductivity 21 Be’ us 300 Max 280 280
Residue on filter paper (Yow/w) % 0.15 Max. 0.13 0.13
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Parameter unit Specification Before After
Moisture (Y%ow/w) % 11.5-14.5 12.4 12.4
pH 4.5-6.5 5.5 5.5
Viscosity BU 600 Min. 790 792
Whiteness 92 Min 92.5 92.5
Degree of substitution mol/AGU 0.015-0.020 0.0186 0.0186
Residue on 325 mesh (%ow/w) % 0.05 Max 0.04 0.04
Conductivity 21 Be’ s 300 Max 280 280
Residue on filter paper (Yow/w) % 0.20 Max. 0.15 0.15
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Before After
Item Detail Unit
Milling Milling
1 Electrical cost
1.1 | Power index kWh/ton 0.00 12.93
1.2 | Electrical price Baht/kWh 3.60 3.60
1.3 | Electrical cost Baht/ton 0.00 46.55
2 Transferring cost for 25 kg
2.1 | Loading to container 20 ft for 25kg Ton/container 17.00 20.00
2.2 | Transferring cost Baht/container 24,990.00 24,990.00
Baht/ton 1,470.00 1,249.50
2.3 | Total cost Baht/ton 1,470.00 1,296.05
2.4 | Costsaving Baht/ton 0.00 -173.95
3 Transferring cost for 850 kg
3.1 | Loading to container 850 ft for 25kg | Ton/container 17.00 18.00
3.2 | Transferring cost Baht/container 24,990.00 24,990.00
Baht/ton 1,470.00 1,388.33
3.3 | Total cost Baht/ton 1,470.00 1,434.88
3.4 | Costsaving Baht/ton 0.00 -35.12
4 Total cost saving
4.1 | Year 2018 SMS Group Exported Ton/year 270,000 270,000
4.2 | Transferring cost per year Baht/year 396,900,000 | 368,675,460
4.3 | Transferring cost saving per year Baht/year 0 28,224,540
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Abstract

In 2018, Thailand exported 3.1 million tons of native tapioca starch, worth 1,037.0 million US dollars.
And modified tapioca starch, 1.0 million tons, worth 617.8 million US dollars. And forecast the export value will
increase every year Therefore, reducing the particle size of tapioca starch helps increase tapped bulk density. Can
increase the weight with the same size packaging bag Resulting in higher transportation volumes which will help save
on export costs. The objective of this research was to determine the parameter affect to a particle size reduction of
tapioca starch. Involved with design, fabrication and installation on factory to produce tapioca starch. For test method
the flow of air through with reducing machine is constant of 60,000 m’ h™. which are consisted of five parameters;
type of tapioca starch, feed rate, moisture of material, type of blade and tip speed of blade. In addition, this machine
was installed on drying process. The test material used as native tapioca starch and modified tapioca starch. The
energy was measured by kilowatt-hour meter. A bulk density to analysis with tapped bulk density equipment and
analysis a particle size with sieve analyzer. This research was conducted under a factorial design, which is the most
commonly used method for screening the primary and the combined effect of each factor. It was found that the
strongest main factor influence to a particle size reduction was type of blade, followed by tip speed of blade, type of
tapioca starch, moisture of material and feed rate respectively. It was found that a particle size of native tapioca starch
after through from reducing machine with flat blade type, particle size cut off on D80 were decrease from 61.90
micron to 54.71 micron and on D50 were decrease from 53.21 micron to 41.82 micron and the tapped bulk density
increased from 575.12 to 720.54 kg m”. And modified tapioca starch was found particle size cut off on D80 were
decrease from 56.77 micron to 49.92 micron and on D50 were decrease from 42.26 micron to 37.54 micron and the
tapped bulk density increased from 575.14 to 703.70 kg m”. On the energy consumption was found that tip speed
have to significant influence followed by type of blade, type of tapioca starch, feed rate and moisture of material
respectively. And the energy index for native tapioca starch was 9.52-12.92 kWh ton™ and modified tapioca starch

was 9.22-12.52 kWh ton”.
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1. Introduction

Tapioca Industry of Thailand consist of tapioca
starch production, tapioca processing industry and the
continuous industry that uses the products of processing.
The main products of the tapioca processing industry are
tapioca chips and tapioca starch. Exports amounted to
3.84 million metric tons. It is worth 1,795 million dollar.
[1] The export value of tapioca starch is likely to
increase, respectively. If you can increase the weight of
transportation to the cabinet. By the method of
increasing total density of tapioca starch. This makes it
can increase the weight of the package by the same size,
reduce the cost of export by 9.7 %, or about 16.5 million
dollar per year, and reduce amount of packaging by 10.5
Y% or about 6.5 million dollar per year.[2] It also reduces
the burden of waste that occurs after use of the
packaging.

Particle size reduction is the process by which
smaller particles are compressed by compression, shear,
impact, rubbing, and cutting. It is found that each
method can be used in different constraints, depending
on the type and size of the material. [3] Reduction of
particle size of tapioca starch, The average particle size
was 45-63 micron at 10-14% of moisture base on dry
basis. [4] The appropriate method is to strike by
centrifugal force from the blades, tapioca starch has the
right angular velocity. The impact force against the
impact plate or wall of the machine. Then the particles
of tapioca starch are broken down and separated from
each other until the particle size decreases. Average
diameter of 5-35 micron according to standard size of

tapioca starch. [5]

The purpose of this research is to study the factors
affecting the reduction of tapioca starch particle size as
well as to design and install the particle size reduction
system of tapioca starch installed at the tapioca starch
factory. The scope of this research is determination of
factors expected to affect the reduction of particle size
of tapioca starch. The type of tapioca starch, tip speed
of blade, type of blade, feed rate and moisture content
of tapioca starch. The results from tapped density,
cumulative distribution and the particle size of tapioca
starch were evaluated. Because the particle size of the
tapioca starch varies with tapped bulk density.

2. Methodology
2.1 Experiment apparatus

This research was designed by using a 3D program
(Solid works}, which has a different type of blade. They
have round and flat type blade, as shown in Figure 1,
and then installed in a drying process in a starch factory.
The main components consist of three phase induction
motor, 110 kW, a speed control with variable speed
drive (VSD) as shown in Figure 2. The machine was

experimented with the system as planned.
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Figure 1 The reducing machine model of round type blade and flat type blade
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Figure 2 Install location and components of the reducing machine

2.2 Technique

This research was conducted under a factorial design, which is the most commonly used method for
screening the primary effects of each factor and the combined effect of each factor. Which are consisted of five
parameters; type of tapioca starch, feed rate, moisture of material, type of blade and tip speed of blade. All trials @)
as 32 experiments. The production volume of 1,000 tons of starch was tested. And Table 1 was experimental design

and experimental results.
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Table 1 Experimental design and experimental results.

Std order Type of starch Blade type Feed rate Moisture Tip speed Tapped bulk Power consumption
d
ket 2 (s e"‘“y i)

7541
[0 S SR S | N TR R
3 : 8000 688.74 77.29
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—
Native Round 65.06

Modified Flat 7270
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3. Results

3.1 Analysis of impact factors the affecting of tapped bulk density.

Data analysis was performed using the Minitab V16 Variance Table. The Variance Table shows the main
effects and the effect of any factors that affected the response at significant level 0.05. Analysis of impact factors the
affecting of tapped bulk density. The ANOVA in Table 2 shows the main effects of factors affecting total density,
Which are consisted of type of tapioca starch, feed rate, moisture of material, type of blade and tip speed of blade.

The P-value of this factor is less than 0.05 and R-square (adj} is 99.98%. There is just enough to acceptable for data

fitting.

Table 2 Analysis of variance (ANOVA) for tapped bulk density.

Source DF Adj SS Adj MS F-Value P-Value
Model 15 20781.8 13855 66.86 0.000
Linear 5 19973.2 3994.6 192.78 0.000
Type of starch 1 78L.0 781.0 37.69 0.000
Blade type 1 15822.0 15822.0 763.58 0.000
Feed rate 1 1413 1413 6.82 0.019
Moisture 1 336.1 336.1 16.22 0.001
Tip speed 1 28928 28928 139.61 0.000
2-Way Interactions 10 808.6 80.9 3.90 0.008
Type of starch*Blade 1 147.4 1474 7.12 0.017
type
Type of starch*Feed rate 1 12.1 1211 0.58 0.457
Type of starch*Moisture 1 3.6 3.6 0.17 0.683
Type of starch*Tip speed 1 77.0 77.0 3.72 0.072
Blade type*Feed rate 1 335 335 1.62 0222
Blade type*Moisture 1 0.4 0.4 0.02 0.893
Blade type*Tip speed 1 464.3 4643 2241 0.000
Feed rate*Moisture 1 531 531 2.56 0.129
Feed rate*Tip speed 1 9.6 9.6 0.46 0.505
Moisture*Tip speed 1 7.7 7.7 0.37 0.552
Error 16 3315 20.7

Rsq-100% R-sqadj=99.98% R-sqpred)=99.55%
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Pareto Chart of the Standardized Effects
(response is Bulk density, o = 0.05)
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Figure 3 Pareto graph showing the proportions of the main effects and the combined effect of the factors affecting

tapped density.
Figure 3 shows the proportion of major impacts and the combined effects of factors affecting tapped bulk

density of tapioca starch. It is obvious that the propeller pattern is the main effect that results in the highest tapped

bulk density.

3.2 Analysis of impact factors affecting the energy consumption.
The ANOVA in Table 3 shows the main effects of factors affecting the energy consumption, Which are
consisted of type of tapioca starch, feed rate, moisture of material, type of blade and tip speed of blade. The P-value

of this factor is less than 0.05 and R-square (adj) is 99.95%. There is just enough to acceptable the data.

10
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Table 3 Analysis of variance (ANOVA) [or energy consumption

Source DF Adj SS Adj MS F-Value P-Value
Model 15 2643.00 176.20 666.12 0.000
Linear 5 2616.20 523.24 1978.09 0.000
Type of starch 1 44.06 44.06 166.58 0.000
Blade type 1 1243.38 1243.38 4700.58 0.000
Feed rate 1 14.27 14.27 53.95 0.000
Moisture 1 0.04 0.04 0.17 0.688
Tip speed 1 131443 131443 4969.18 0.000
2-Way Interactions 10 26.80 2.68 10.13 0.000
Type of starch*Blade type 1 132 1.32 501 0.040
Type of starch*Feed rate 1 0.00 0.00 0.00 0965
Type of starch*Moisture 1 0.10 0.10 039 0.543
Type of starch*Tip speed 1 0.28 0.28 1.07 0.316
Blade type*Feed rate 1 0.08 0.08 0.29 0.597
Blade type*Moisture 1 0.09 0.09 032 0.578
Blade type*Tip speed 1 8.83 8.83 33.38 0.000
Feed rate*Moisture 1 1.17 1.17 441 0.052
Feed rate*Tip speed 1 373 3.73 14.11 0.002
Moisture*Tip speed 1 11.20 11.20 4233 0.000
Error 16 4.23 0.26
R-sq-100% R-sqradj)-9995% R-sqpred)-99.50%
Pareto Chart of the Standardized Effects
(response is Power, a = 0.05)
Term 212
E r S = Factor Name
8 A Type of starch
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Figure 4 Pareto graph showing the proportion of major impacts and the combined efTect of factors aflecting energy

consumption.

Figure 4 shows the proportion of major impacts and the combined effects of [actors inlluencing energy
consumption on the reduction of particle size of tapioca starch. It is clear that the tip speed of blade is the main effect

that results in the most energy consumption. Secondly, similar to the type ol blade Which can be do that both the tip

Standardized Effect

11
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speed and the blade type are the main factors that affect the energy consumption index in reducing the particle size of

tapioca starch.

3.3 Analysis of powder particle distribution.

Analysis of particle distribution by sieving through a standard sieve to determine the weight of each granule. The
particle size of tapioca starch (D80} was decreased after using flat blade from 69.10 to 54.71 micron as shown in
Figure 5. And D50 was decreased after using flat blade from 53.21 to 41.82 micron as shown in Figure 6. Similarly,
using round blade D80 was decreased from 62.11 to 58.14 micron as shown in Figure 7. And D50 was decreased after
using round blade from 53.21 to 41.82 micron as shown in Figure 8. The result showed the ability of flat blade to

reduce particle size of native tapioca starch was better than round blade, respectively.

Particle Size distribution curve of native starch ( Flat blade)
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Figure 5 Distribution of native tapioca starch granules on D80 Before and after using flat blade cutter.
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Figure 6 Distribution of native tapioca starch particles on D50. Before and after using flat blade cutter

Particle Size distribution curve of native starch (Round blade)
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Figure 7 Distribution of native tapioca starch particles on D80. Before and after using round blade cutter
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Particle Size distribution curve of native starch (Round blade)
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Figure 8 Distribution of native tapioca starch particles on D50. Before and after using round blade cutter

Particle Size distribution curve of modified starch (Flat blade)
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Figure 9 Distribution of modified tapioca starch particles on D80. Before and after using flat blade cutter
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Figure 9 show the particle size of modified tapioca starch (D80) was decreased after using flat blade from
56.77 t0 49.92 micron. And D50 was decreased after using flat blade from 42.26 to 37.54 micron as shown in Figure
10. Similarly, after using round blade D80 was decreased from 56.85 to 52.62 micron as shown in Figure 11. And
D350 was decreased after using flat blade from 48.83 to 39.24 micron as shown in Figure 12.These result supports to

the ability of flat blade to reduce particle size of modified tapioca starch was better than round blade as same as

tapioca starch in previous test.

Particle Size distribution curve of modified starch (Flat blade)
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Figure 10 Distribution of modified tapioca starch particles on D50. Before and after using flat blade cutter
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Figure 11 Distribution of modified tapioca starch particles on D80. Before and after using round blade cutter
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Particle Size distribution curve of modified starch (Round blade)
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Figure 12 Distribution of modified tapioca starch granules on D50. Before and after using round blade cutter.

3.4 Analysis of Tapped Bulk Density and Energy Consumption

Tapped bulk density is determined by the Digital Tapped Density Apparatus and the energy measured by
the Power Meter. According to Table 4 and Figure 13 showed the tapped bulk density of tapioca starch after using
flat blade increased from 575.12 to 720.54 kg m”. The power consumption was used 12.93 kW-hr ton™. Similarly,
using round blade was showed the tapped bulk density increased from 573.41 to 65849 kg m”. The power
consumption was 10.94 kWh ton™

Similar experiments were performed for modified tapioca starch and similar trend of the results was
observed. Tapped bulk density after using flat blade increased from 575.14t0 703.70 kg m”. The power consumption
was used 12.52 kW-hr ton . Similarly, using round blade was showed the tapped bulk density increased from 571.60

t0 655.57 kg m”. The power consumption was 10.63 kWh. ton™.
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Table 4 Tapped bulk Density and Enciey Consumption

Tapped Bulk density %lIncrease Net energy
Type of starch Blade type (kg per cubic meter)
Before After (kWhton'!)
Native starch Flat 575.12 720.54 27.59% 12.93
Native starch Round 57341 658.49 14.84% 10.94
Modified starch ~ Flat 575.14 703.70 24.98% 12.52
Modified starch ~ Round 571.60 655.57 14.69% 10.63
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Net energy, kWh/t

O B N WO B OO N W

600 650

Tap Bulk density, kg/m3

% Native,Flat blade

i Native, Round blade
A Modified Flat blade

@ Modified Round blade

700 750

Figure 13 The total density and encrgy consumption to reduce the particle size oftapioca starch and moditied tapioca

starch.
4. Discussion

Thiy study investigates the factors that arc
expeeted to affect the particle size reduction of
tapioca starch. The particle size of the tapioca starch

iy varied with the tapped bulk density |7]. Two

factonal design experiments were used. Five factors

were used: type of tapioca starch, feed rate, moisture

of material, type of blade and tip speed of blade.
From the experiment, it was found that the

propeller pattem was the main factor affecting the
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particle size reduction of the most tapioca starch.
Followed by the tip speed And the third factor is
Types of Tapioca Starch The flat type blade has a
greater impact on the reduction of the size of the
powder particles than the round type. This means that
the rotor blades, which have a more exposed surface
area, can pass over the impact force more than round
blade with less exposed surfaces Causing the particle
size of the tapioca starch to be smaller Which the
particle size of tapioca starch after reduce with
reducer The particle size of 25 micron of starch
granules increased from 22.9 percent to 53.4 percent
and the tapped bulk density increased from 575.1 to
7205 kgm’. In the modified tapioca starch after
reducing, the particle size of 25 micron of starch
granules increased from 46.2 percent to 67.5 percent
and the tapped bulk density increased from 575.1 to
703.7 kg:m °[6]. The next factor is the tip speed of 8
ms’. Affecting the particle size reduction of starch
granules at a speed of 76 ms’, due to the high force
impact on starch granules caused by angular
velocity[8] And the lasted factor affecting the size
reduction is the type of tapioca starch Found that the
native tapioca starch has passed through the reducing
machine With particle size of starch granules smaller
than modified tapioca starch this is because the bond
strength between the particles is less than that of not
adding chemicals[9].
The factors influencing the energy
consumption in reducing the particle size of tapioca
starch were: tip speed of blade, type of blade, type of
tapioca starch and feed rate, respectively. And the

moisture of material did not affect to energy

18

consumption of tapioca starch. The result indicated
that energy of reducing the particle size of tapioca
starch relatively to tip speed of blade.

Distribution of tapioca starch and modified
tapioca starch before and after using reduction
process, Flat type blades have greater effect than
round type blades for dispersion of tapioca starch and
modified tapioca starch. The D80 was 54.17 micron
for tapioca starch and D80 was 49.92 micron for
modified tapioca starch, respectively.

In conclusion, we have utilized the reducing
machine to give the smaller particle size of tapioca
starch. The flat type blade could be reduced the
particle size with high capacity for the relatively
smooth blade, which exhibited more forceful impact
than round blade. The tapped bulk density of tapioca
starch and modified tapioca starch up to 27.59 % and
2498 Y%, respectively. In terms of power
consumption, the reducing machine in the presence of
flat type blade used more energy than round type
blade in 12.93 and 12.52 kW-hrton™ ., respectively for

modified tapioca starch.
5. Conclusion

In this study was found that the strongest
main factor influence to a particle size reduction was
type of blade, followed by tip speed of blade, type of
tapioca starch, moisture of material and feed rate
respectively. It was found that a particle size of native
tapioca starch after through from reducing machine
with flat blade type, particle size cut off D80 were
decrease from 61.90 micron to 54.71 micron and on

D50 were decrease from 53.21 micron to 41.82
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micron and the tapped bulk density increased from
57512 to 720.54 kg m”. And modified tapioca starch
was found particle size cut off on D80 were decrease
from 56.77 micron to 49.92 micron and on D50 were
decrease from 42.26 micron to 37.54 micron and the
tapped bulk density increased from 575.14 to 703.70
kg m”. On the energy consumption was found that tip
speed have to significant influence followed by type
of blade, type of tapioca starch, feed rate and moisture
of material respectively. And the energy index for
native tapioca starch was 9.51-12.92 kWh.ton and

modified tapioca starch was 9.22-12.52 kWh.ton .
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ABSTRACT

The objective of this research was to determine
the parameter affect to a particle size reduction of tapioca
starch. Involved with design, fabrication and installation
on factory to produce tapioca starch. For test method the
flow of air through with reducing machine is constant of
60,000 cubic meter per hour. which are consisted of five
parameters; type of tapioca starch, feed rate, moisture of
material, type of blade and tip speed of blade. In addition,
this machine was installed on drying process. The test
material used as native tapioca starch and modified
tapiocastarch. A bulk density to analysis with tapped bulk
density equipment and analysis a particle size with sieve
analyzer. It was found that the strongest main factor
influence to a particle size reduction was type of blade,
followed by tip speed of blade, type of tapioca starch,
moisture of material and feed rate respectively. It was
found that a particle size of native tapioca starch after
through from reducing machine with flat blade type,
particle size cut off on D80 were decrease from 69.1
micron to 54.7 micron and the Tapped density increased
from 5751 to 720.5 kg per cubic meter. And modified
tapioca starch was found particle size cut off on D80 were
decrease from 56.7 micron to 49.9 micron and the tapped
bulk density increased from 575.1 to 703.7 kg per cubic
meter.

Keywords: Particle size reduction, Tapioca starch,
Tapped bulk density, Tip speed, and Fractional factorial
design.

1. INTRODUCTION

somsaksi@sut.ac.th

Tapioca Industry of Thailand consist of tapioca starch
production, tapioca processing industty and the
continuous industry that uses the products of processing.
The main products of the tapioca processing industry are
tapioca chips and tapioca starch. Exports amounted to 3.84
million metric tons. It is worth 1,795 million dollar or
approximately 62,850 million baht. [1] The export value
of tapioca starch 1s likely to increase, respectively. If you
can increase the weight of transportation to the cabinet. By
the method of increasing total density of tapioca starch.
This makes it can increase the weight of the package by
the same size, reduce the cost of export by 9.7 percent, or
about 545 million baht per year, and reduce amount of
packaging by 10.5 percent or about 214 million baht per
year [2]. It also reduces the burden of waste that occurs
after use of the packaging.

Particle size reduction is the process by whichsmaller
particles are compressed by compression, shear, impact,
rubbing, and cutting. It is found that each method can be
used in different constraints, depending on the type and
size of the material. [3] Reduction of particle size of
tapioca starch, The average particle size was 45-63 micron
at 10-14% basis. [4] The appropriate method is to strike
by centrifugal force from the blades, tapioca starch has the
right angular velocity. The impact force against the impact
plate or wall of the machine. Then the particles of tapioca
starch are broken down and separated from each other
until the particle size decreases. Average diameter of 5-35
micron according to standard size of tapioca starch. [5]

The purpose of this research is to study the factors
affecting the reduction of tapioca starch particle size as
well as to design and install the particle size reduction
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system of tapioca starch installed at the tapioca starch
factory. The scope of this research is determination of
factors expected to affect the reduction of particle size of
tapioca starch. The type of tapioca starch, tip speed of
blade, type of blade, feed rate and moisture content of
tapioca starch. The results from total density, cumulative
distribution and the particle size of tapioca starch were
evaluated. Because the particle size of the tapioca starch
varies with total density. When we have the smaller
particle size of the tapioca starch, tapped bulk density will
increase([7].

2. EXPERIMENT
2.1 Experiment apparatus

This research was designed by using a 3D program
(Solid works), which has a different type of blade, as
shown in Fig.1, and then installed in a drying process in a
starch factory. The main components consist of three
phase induction motor, 110 kW, a speed control with
variable speed drive (VSD) as shown in Fig.2. The
machine was experimented with the system as planned.

Round type blade 'ﬁ

- ,'/T\‘\

A

Flat type blade

Fig.1. The reducing machine model of round type blades
and flat type blades.
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Fig.2. Installation location and components of the
tapioca starch granulator.

2.2 Technique

This research was conducted under a factorial design,
which is the most commonly used method for screening
the primary effects of each factor and the combined effect
of each factor. Which are consisted of five parameters;
type of tapioca starch, feed rate, moisture of material, type
of blade and tip speed of blade. All trials (2°) as 32
experiments. The factors and levels of factors used in the
experiments are shown in Table 1. The production
volume of 200 tons of starch was tested.

Table 1. Factors of machining and level of factors used in
the experiment.

Cutting Unit Levels
parameters Low High
Type of starch - Native Modified
Blade type - Round Flat
Feed rate kg/h 7000 8000
Moisture % 114 124
Tip speed m/s 76 88
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3. ANALYSIS

Data analysis was performed using the Minitab
V16 Variance Table. The Variance Table shows the main
effects and the effect of any factors that affected the
response at significant level 0.05.

4. RESULTS AND DISCUSSION

Analysis of impact factors the affecting of Tapped
bulk density.

The ANOVA in Table 3 shows the main effects of
factors affecting total density, Which are consisted of type
of tapioca starch, feed rate, moisture of material, type of
blade and tip speed of blade. The P-value of this factor is
less than 0.05 and R-square (adj) is 99.98%. There is just
enough to acceptable for data fitting.

Table 3. Analysis of variance (ANOVA) for tapped
density Factors of machining and level of factors used in
the experiment.

Source DF  AdjSS AdiMS F- P-
Value  Value
Model 15 20781.8 1385.5 66.86 0.000
Linear 5 199732 39946 19278  0.000
Type of starch 1 781.0 781.0 37.69 0.000
Blade type 1 158220 158220 763.58  0.000
Feed rate 1 1413 1413 682  0.019
Moisture 1 336.1 3361 1622  0.001
Tip speed 1 2892.8 28928 139.61 0.000
2-Way 10 808.6 80.9 390  0.008
Interactions
Type of 1 1474 1474 712 0.017
starch*Blade
type
Type of 1 121 121 0.58 0.457
starch*Feed rate
Type of 1 36 3.6 017  0.683
starch*Moisture
Type of 1 770 770 372 0.072
starch*Tip speed
Blade 1 335 335 162 0.222
type*Feed rate
Blade 1 04 04 0.02 0.893
type*Moisture
Blade 1 4643 4643 2241 0.000
type*Tip speed
Feed 1 531 531 2.56 0.129
rate*Moisture
Feed rate*Tip 1 96 9.6 046  0.505
speed
Moisture*Tip 1 T7 77 037 0.552
speed
Error 16 3315 207

R-5q=100% R-sq(adj) =99.98% R-sq(pred) =99.55%

Pareto Chart of the Standardized Effects
(response is Bulk density, a = 0.05)
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Fig.3. Pareto graph showing the proportions of the main
effects and the combined effect of the factors affecting
total density.

Analysis of particle distribution by sieving
through a standard sieve to determine the weight of each
granule. The particle size cut off on D80 of tapioca starch
was decreased after using flat blade from 69.1 micron to
54.7 micron as shown in Fig.4. Similarly, using round
blade find a particle size cut off on D80 was decreased
from 62.1 micron to 58.1micron as shown in Fig.5.

Particle Size distribution curve of native starch ( Flat blade)

Fig.4. Distribution of tapioca starch granules. Before and
after using flat blade cutter.
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Particle Size distribution curve of native starch (Round blade)
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Fig.5. Distribution of tapioca starch granules. Before and
after using round blade.

The result showed the ability of flat blade to
reduce particle size of tapioca starch was better than round
blade, respectively.Fig.6. show the particle size cut off on
D80 of modified tapioca starch was decreased after using
flat blade from 56.7 micron to 49.9micron. And after using
round blade D80 was decreased from 56.8 micron to 53.7
micron as shown in Fig.7. These result supports to the
ability of flat blade to reduce particle size of modified
tapioca starch was better than round blade as same as
tapioca starch in previous test.

Particle Size distribution curve of modified starch (Flat blade)
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Fig.6. Distribution of modified tapioca starch granules.
Before and after using flat blade.

Particle Size distribution curve of modified starch (Round blade)
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Fig.7. Distribution of modified tapioca starch granules.
Before and after using round blade.

5. CONCLUSIONS

This study investigates the factors that are
expected to affect the particle size reduction of tapioca
starch. The particle size of the tapioca starch is varied with
the total density. Two factorial design experiments were
used. Five factors were used: type of tapioca starch, feed
rate, moisture of material, type of blade and tip speed of
blade.

The experiments, it was found that the type of
blade was the most significant factor affecting tapped bulk
density and second, tip speed of blade. Flat type blades
have a greater effect on tapped bulk density than round
shape blades, which means that smooth blades are more
forceful impact than round blades. Indicating the smaller
size of tapioca starch particles was achieved after using
the flat blade cutters. As a result, It was found that a
particle size of native tapioca starch after through from
reducing machine with flat blade type, particle size cut off
on D80 were decreased from 69.1 micron to 54.7 micron
and the particle size diameter 25 micron increased from
22.9% to 53.4% and the Tapped density increased from
575.1 to 720.5 kg per cubic meter. And modified tapioca
starch was found particle size cut off on D80 were
decreased from 56.7 micron to 49.9 micron. and the
particle size diameter 25 micron increased from 46.2% to
67.5% and tapped bulk density increased from 575.1 to
703.7 kg per cubic meter.

Distribution of tapioca starch and modified
tapioca starch before and after using reduction process,
Flat type blades have greater effect than round type blades
for dispersion of tapioca starch and modified tapioca
starch. The particle size cut off on D80 was 54.1 micron
for tapioca starch and D80 was 49.9 micron for modified
tapioca starch, respectively.
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Abstract— The objective of this research was to determine the
parameter affect to a particle size reduction of tapioca starch.
Involved with design, fabrication and installation on factory to
produce tapioca starch. For test method the flow of air through
with reducing machine is constant of 60,000 cubic meter per
hour. which are consisted of five parameters; type of tapioca
starch, feed rate, moisture of material, type of blade and tip
speed of blade. In addition, this machine was installed on
drying process. The test material used as native tapioca starch
and modified tapioca starch. A bulk density to analysis with
tapped bulk density equipment and analysis a particle size with
sieve analyzer. It was found that the strongest main factor
influence to aparticle size reduction was type of blade, followed
by tip speed of blade, type of tapioca starch, moisture of
material and feed rate respectively. It was found that a particle
size of native tapioca starch after through from reducing
machine with flat blade type, particle size cut off on D80 were
decrease from 69.1 micron to 54.7 micron and the Tapped
density increased from 575.1 to 720.5 Kg per cubic meter. And
modified tapioca starch was found particle size cut off on D80
were decrease from 56.7 micron to 49.9 micron and the tapped
bulk density increased from 575.1 to 703.7 kg per cubic meter.

Index Terns— Particle size reduction, Tapioca starch, Tapped
bulk density, Tip speed, and Fractional factorial design.

I. INTRODUCTION

Tapioca Industry of Thailand consist of tapioca starch
production, tapioca processing industry and the continuous
industry that uses the products of processing. The main
products of the tapioca processing industry are tapioca chips
and tapioca starch. Exports amounted to 3.84 million metric
tons. It is worth 1,795 million dollar. [1] The export value of
tapioca starch is likely to increase, respectively. If you can
increase the weight of transportation to the cabinet. By the
method of increasing total density of tapioca starch. This
makes it can increase the weight of the package by the same
size, reduce the cost of export by 9.7 percent, or about 16.5
million dollar per year, and reduce amount of packaging by
10.5 percent or about 6.5 million dollar per year [2]. It also
reduces the burden of waste that occurs after use of the
packaging,

Particle size reduction is the process by which smaller
particles are compressed by compression, shear, impact,
rubbing, and cutting. It is found that each method can be used
in different constraints, depending on the type and size of the
material. [3] Reduction of particle size of tapioca starch, The
average particle size was 45-63 micron at 10-14% of
moisture base on dry basis. [4] The appropriate method is to
strike by centrifugal force from the blades, tapioca starch has
the right angular velocity. The impact force against the

impact plate or wall of the machine. Then the particles of
tapioca starch are broken down and separated from each
other until the particle size decreases. Average diameter of
5-35 micron according to standard size of tapioca starch. [5]

The purpose of this research is to study the factors
affecting the reduction of tapioca starch particle size as well
as to design and install the particle size reduction system of
tapioca starch installed at the tapioca starch factory. The
scope of this research is determination of factors expected to
affect the reduction of particle size of tapioca starch. The
type of tapioca starch, tip speed of blade, type of blade, feed
rate and moisture content of tapioca starch. The results from
tapped density, cumulative distribution and the particle size
of tapioca starch were evaluated. Because the particle size of
the tapioca starch varies with tapped bulk density. When we
have the smaller particle size of the tapioca starch, tapped
bulk density will increase. [6]

II. EXPERIMENT

A Experiment apparatus

This research was designed by using a 3D program (Solid
works), which has a different type of blade, as shown in
Fig.1, and then installed in a drying process in a starch
factory. The main components consist of three phase
induction motor, 110 kW, a speed control with variable
speed drive (VSD) as shown in Fig.2. The machine was
experimented with the system as planned.

>
Round type blade 4 [—

Fig 1. The reducing machine model of round type blades and flat type
blades.
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Fig.2. Installation location and components of the tapioca starch reducing
machine.

B. Technique

This research was conducted under a factorial design,
which is the most commonly used method for screening the
primary effects of each factor and the combined effect of
each factor. Which are consisted of five parameters; type of
tapioca starch, feed rate, moisture of material, type of blade
and tip speed of blade. All trials (2°) as 32 experiments. The
factors and levels of factors used in the experiments are
shown in Table 1. The production volume of 200 tons of
starch was tested.

TABLE 1. FACTORS OF MACHINING AND LEVEL OF FACTORS

Cutting 3 Levels

parameters . Low High
Type of starch - Native Modified
Blade type - Round Flat
Feed rate kgh 7000 8000
Moisture % 114 124
Tip speed m's 76 88
USED IN THE EXPERIMENT
TII. ANALYSIS

Data analysis was performed using the Minitab V16
Variance Table. The Variance Table shows the main effects
and the effect of any factors that affected the response at
significant level 0.05.

IV. RESULTS AND DISCUSSION

Analysis of impact factors the affecting of tapped bulk
density.

The ANOVA in Table 2 shows the main effects of factors
affecting total density, Which are consisted of type of tapioca
starch, feed rate, moisture of material, type of blade and tip
speed of blade. The P-value of this factor is less than 0.05

and R-square (adj) is 99.98%. There is just enough to
acceptable for data fitting.

TABLE 2. ANALYSIS OF VARIANCE (ANOVA) FOR TAPPED
DENSITY FACTORS OF MACHINING AND LEVEL OF FACTORS
USED IN THE EXPERIMENT.

Source DF  Adj88 AdjMS F-Value P-Valu
e
Model 15 207818 13855 66.86 0.000
Linear 5 19973.2 39946 19278 0.000
Type of starch 1 781.0 781.0 37.69 0.000
Bladetype 1 158220 158220 763.58 0.000
Feed rate 1 1413 1413 6.82 0.019
Moisture 1 336.1 3361 16.22 0.001
Tip speed 1 2892.8 2892.8 139.61 0.000
2-Way 10 808.6 80.9 3.90 0.008
Interactions
Type of 1 1474 1474 712 0.017
starch*Blade
type
Type of 1 12.1 121 058 0457
starch*Feed rate
Type of 1 3.6 36 0.17 0.683
starch*Moisture
Type of 1 77.0 77.0 372 0.072
starch*Tip speed
Blade 1 335 335 1.62 0.222
type*Feed rate
Blade 1 04 04 0.02 0.893
typetMoisture
Blade 1 4643 4643 2241 0.000
type*Tip speed
Feed 1 581 5341 2.56 0.12%9
rate*Moisture
Feed rate*Tip 1 9.6 96 0.46 0.505
speed
Moisture*Tip 1 K.l e 0.37 0.552
speed
Error 16 3315 207

R-sq=100% R-sq@adp=29998% R-sqpred)=99.55%

Pareto Chart of the Standardized Effects
(response is Bulk density, a = 005)
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Fig.3. Pareto graph showing the proportions of the main effects and the
combined effect of the factors affecting tapped density.

Analysis of particle distribution by sieving through a
standard sieve to determine the weight of each granule. The
particle size cut off on D80 of tapioca starch was decreased
after using flat blade from 69.1 micron to 54.7 micron as
shown in Fig.4. Similarly, using round blade find a particle
size cut off on D80 was decreased from 62.1 micron to
58. Imicron as shown in Fig.5.

Particle Size distribution curve of native starch ( Flat blade)

=

[——

Fig4. Distribution of tapioca starch granules. Before and after using flat
blade.

Particle Size distribution curve of native starch (Round blade)

—

Fig 5 Distribution of tapioca starch granules. Before and after using round
blade.

The result showed the ability of flat blade to reduce
particle size of tapioca starch was better than round blade,
respectively.Fig.6. show the particle size cut off on D80 of
modified tapioca starch was decreased after using flat blade
from 56.7 micron to 49.9 micron. And after using round
blade D80 was decreased from 56.8 micron to 53.7 micron as
shown in Fig.7. These result supports to the ability of flat
blade to reduce particle size of modified tapioca starch was
better than round blade as same as tapioca starch in previous
test.

Particle Size distribution curve of modified starch (Flat blade)

——— g

Fig.6. Distribution of modified tapioca starch granules. Before and after
using flat blade.

Particle Size distribution curve of modified starch (Round blade)

" R

[pr—

Fig7. Distribution of modified tapioca starch granules Before and after
using round blade.

V. CONCLUSION

This study investigates the factors that are expected to
affect the particle size reduction of tapioca starch. The
particle size of the tapioca starch is varied with the tapped
bulk density. Two factorial design experiments were used.
Five factors were used: type of tapioca starch, feed rate,
moisture of material, type of blade and tip speed of blade.

The experiments, it was found that the type of blade was
the most significant factor affecting particle size of tapioca
starch and second, tip speed of blade. Flat type blades have a
greater effect on affecting particle size of tapioca starch than
round shape blades, which means that smooth blades are
more forceful impact than round blades. Indicating the
smaller size of tapioca starch particles was achieved after
using the flat blade cutters. As a result, It was found that a
particle size of native tapioca starch after through from
reducing machine with flat blade type, particle size cut off on
D80 were decreased from 69.1 micron to 54.7 micron and the
particle size diameter 25 micron increased from 22.9% to
53.4% and the Tapped density increased from 575.1 to 720.5
kg per cubic meter. And modified tapioca starch was found
particle size cut off on D80 were decreased from 56.7 micron
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to 49.9 micron. and the particle size diameter 25 micron
increased from 46.2% to 67.5% and tapped bulk density
increased from 575.1 to 703.7 kg per cubic meter.
Distribution of tapioca starch and modified tapioca starch
before and after using reduction process, Flat type blades
have greater effect than round type blades for dispersion of
tapioca starch and modified tapioca starch. The particle size
cut off on D80 was 54.1 micron for tapioca starch and D80
was 49.9 micron for modified tapioca starch, respectively.
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S.3.6. BULK DENSITY AND TAPPED DENSITY OF POWDERS

Final text for addition to The International Pharmacopoeia

This monograph was adopted at the Forty-sixth WHO Expert Committee on Specifications for
Pharmaceutical Preparations in October 2011 for addition to the 4" Edition of the International
Pharmacopoeia

The text, reproduced with the permission of the European Pharmacopoeia with appropriate
editorial modifications, is one that has undergone pharmacopoeial harmonization by the
Pharmacopoeial Discussion Group (PDG) of the European Pharmacopoeia (Ph.Eur), the
Japanese Pharmacopoeia (JP) and the United States Pharmacopeia (USP). It is intended to be
included in the Supplementary Information section of the Ph.Int.

S.3.6. BULK DENSITY AND TAPPED DENSITY OF POWDERS

BULK DENSITY

The bulk density of a powder is the ratio of the mass of an untapped powder sample and its
volume including the contribution of the interparticulate void volume. Hence, the bulk density
depends on both the density of powder particles and the spatial arrangement of particles in the
powder bed. The bulk density is expressed in grams per millilitre (g/ml) although the
international unit is kilogram per cubic metre (1 g/ml=1000 kg/m’) because the
measurements are made using cylinders.

It may also be expressed in grams per cubic centimetre (g/cmj).

The bulking properties of a powder are dependent upon the preparation, treatment and storage
of the sample, i.e. how it was handled. The particles can be packed to have a range of bulk
densities and, moreover, the slightest disturbance of the powder bed may result in a changed
bulk density. Thus, the bulk density of a powder is often very difficult to measure with good
reproducibility and, in reporting the results, it is essential to specify how the determination
was made.
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The bulk density of a powder is determined by measuring the volume of a known mass of
powder sample, that may have been passed through a sieve, into a graduated cylinder
(Method A), or by measuring the mass of a known volume of powder that has been passed
through a volumeter into a cup (Method B) or a measuring vessel (Method C).

Method A and Method C are favoured.

Method A. Measurement in a graduated cylinder

Procedure. Pass a quantity of powder sufficient to complete the test through a sieve with
apertures greater than or equal to 1.0 mm, if necessary, to break up agglomerates that may
have formed during storage; this must be done gently to avoid changing the nature of the
material. Into a dry graduated cylinder of 250 ml (readable to 2 ml), gently introduce, without
compacting, approximately 100 g of the test sample (m) weighed with 0.1% accuracy.
Carefully level the powder without compacting, if necessary, and read the unsettled apparent
volume (/) to the nearest graduated unit. Calculate the bulk density in (g/ml) using the
formula m/V4. Generally, replicate determinations are desirable for the determination of this
property.

If the powder density is too low or too high, such that the test sample has an untapped
apparent volume of either more than 250 ml or less than 150 ml, it is not possible to use 100 g
of powder sample. Therefore, a different amount of powder has to be selected as test sample,
such that its untapped apparent volume is 150 ml to 250 ml (apparent volume greater than or
equal to 60% of the total volume of the cylinder); the mass of the test sample is specified in
the expression of results.

For test samples having an apparent volume between 50 ml and 100 ml a 100 ml cylinder
readable to 1 ml can be used: the volume of the cylinder is specified in the expression of
results.

Method B. Measurement in a volumeter

Apparatus. The apparatus’ (Figure 1) consists of a top funnel fitted with a 1.0 mm sieve. The
funnel is mounted over a baffle box containing four glass baffle plates over which the powder
slides and bounces as it passes. At the bottom of the baffle box is a funnel that collects the
powder and allows it to pour into a cup mounted directly below it. The cup may be cylindrical
(25.00 £ 0.05ml volume with an inside diameter of 30.00 +2.00 mm) or cubical
(16.39 + 0.20 ml volume with inside dimensions of 25.400 + 0.076 mm).

! The apparatus (the Scott Volumeter) conforms to the dimensions in ASTM 329 90.
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1.0 mm sieve ——»
N
Powder funnel = 4

Baffle 2ssambly

Glass baffles

Figure 1. Volumeter

Procedure. Allow an excess of powder to flow through the apparatus into the sample
receiving cup until it overflows, using a minimum of 25 em® of powder with the cubical cup
and 35 cm’ of powder with the cylindrical cup. Carefully, scrape excess powder from the top
of the cup by smoothly moving the edge of the blade of a spatula perpendicular to and in
contact with the top surface of the cup, taking care to keep the spatula perpendicular to
prevent packing or removal of powder from the cup. Remove any material from the side of
the cup and determine the mass (A4) of the powder to the nearest 0.1%. Calculate the bulk
density (g/ml) using the formula A#¥; in which ¥} is the volume of the cup and record the
average of three determinations using three different powder samples.

Method C. Measurement in a vessel

Apparatus. The apparatus consists of a 100 ml cylindrical vessel of stainless steel with
dimensions as specified in Figure 2.

.0 ‘ | 500

l |
g | |
— B ; 1010\k54.0—+u i

Figure 2. — Measuring vessel (left) and cap (vight) — Dimensions in mm

Procedure. Pass a quantity of powder sufficient to complete the test through a 1.0 mm sieve,
if necessary, to break up agglomerates that may have formed during storage and allow the
obtained sample to flow freely into the measuring vessel until it overflows. Carefully scrape
the excess powder from the top of the vessel as described for Method B. Determine the
mass (M) of the powder to the nearest 0.1% by subtraction of the previously determined mass
of the empty measuring vessel. Calculate the bulk density (g/ml) using the formula A%y/7100
and record the average of three determinations using three different powder samples.




133

Document QAS/11.450 FINAL
page 4

TAPPED DENSITY

The tapped density is an increased bulk density attained after mechanically tapping a
container containing the powder sample.

The tapped density is obtained by mechanically tapping a graduated measuring cylinder or
vessel containing the powder sample. After observing the initial powder volume or mass, the
measuring cylinder or vessel is mechanically tapped, and volume or mass readings are taken
until little further volume or mass change is observed. The mechanical tapping is achieved by
raising the cylinder or vessel and allowing it to drop, under its own mass, a specified distance
by either of three methods as described below. Devices that rotate the cylinder or vessel
during tapping may be preferred to minimize any possible separation of the mass during
tapping down.

Method A
Apparatus. The apparatus (Figure 3) consists of the following:
— a 250 ml graduated cylinder (readable to 2 ml) with a mass of 220+ 44 g; and

— a settling apparatus capable of producing, in 1 minute, either nominally 250 + 15 taps
from a height of 3 £ 0.2 mm, or nominally 300 + 15 taps from a height of 14 £2 mm. The
support for the graduated cylinder, with its holder, has a mass of 450+ 10 g.

£
£
w
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Graduated cylinder s o
e
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<
Cylinder
support [0)
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the cylinder support is stting
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tre anvil.
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Procedure. Proceed as described above for the determination of the bulk volume (¥}). Secure
the cylinder in the holder. Carry out 10, 500 and 1250 taps on the same powder sample and
read the corresponding volumes Vg, V500 and V250 to the nearest graduated unit. If the
difference between Vsgp and V1250 is less than or equal to 2 ml, V250 is the tapped volume. If
the difference between Isgp and V7250 exceeds 2 ml, repeat in increments such as 1250 taps,
until the difference between succeeding measurements is less than or equal to 2 ml. Fewer
taps may be appropriate for some powders, when validated. Calculate the tapped
density (g/ml) using the formula m/}; in which I7is the final tapped volume. Generally,
replicate determinations are desirable for the determination of this property. Specify the drop
height with the results.

If it is not possible to use a 100 g test sample, use a reduced amount and a suitable 100 ml
graduated cylinder (readable to 1 ml) weighing 130 + 16 g and mounted on a holder weighing
240 + 12 g. The modified test conditions are specified in the expression of the results.

Method B

Procedure. Proceed as directed under Method A except that the mechanical tester provides a
fixed drop of 3 + 0.2 mm at a nominal rate of 250 taps per minute.

Method C

Procedure. Proceed as described in Method C for measuring the bulk density using the
measuring vessel equipped with the cap shown in Figure 2. The measuring vessel with the cap
is lifted 50-60 times per minute by the use of a suitable tapped density tester. Carry out
200 taps. remove the cap and carefully serape excess powder from the top of the measuring
vessel as described in Method C for measuring the bulk density. Repeat the procedure using
400 taps. If the difference between the two masses obtained after 200 and 400 taps exceeds
2%, carry out a test using 200 additional taps until the difference between succeeding
measurements is less than 2%. Calculate the tapped density (g/ml) using the formula My100
where My is the mass of powder in the measuring vessel. Record the average of
three determinations using three different powder samples. The test conditions including
tapping height are specified in the expression of the results.

MEASURES OF POWDER COMPRESSIBILITY

Because the interparticulate interactions influencing the bulking properties of a powder are
also the interactions that interfere with powder flow, a comparison of the bulk and tapped
densities can give a measure of the relative importance of these interactions in a given
powder. Such a comparison is often used as an index of the ability of the powder to flow, for
example the Compressibility index or the Hausner ratio.

The Compressibility index and Hausner ratio are measures of the propensity of a powder to be
compressed as described above. As such, they are measures of the powder ability to settle and
they permit an assessment of the relative importance of interparticulate interactions. In a free-
flowing powder, such interactions are less significant, and the bulk and tapped densities will
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be closer in value. For poorer flowing materials, there are frequently greater interparticulate
interactions, and a greater difference between the bulk and tapped densities will be observed.
These differences are reflected in the Compressibility Index and the Hausner Ratio.

Compressibility index :

wo(vy - 1)

Vo

"o = unsettled apparent volume,

Vr final tapped volume.

Hausner Ratio:

L]
Vy

Depending on the material, the compressibility index can be determined using Vo instead of
Vo If Vipis used, it is clearly stated in the results.

ook
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— interlaboratory test results have been added in a new Annex B;

— the Bibliography has been added.

iv © SO 2011 - All rights reserved




140

Provldsningsexemplar / Preview

INTERNATIONAL STANDARD 1SO 4317:2011(E)

Surface-active agents and detergents — Determination of water
content — Karl Fischer methods

1 Scope

This International Standard specifies two titration methods (volumetric and coulometric) using Karl Fischer
reagent for the determination of the water content of surface active agents and detergents.

These methods are applicable to products in the form of powders, pastes and solutions.
They are applicable only if so indicated in the specific standard for each product.
As alkaline compounds react with Karl Fischer reagent, the methods give values which are too high in the

case of samples containing alkali metal silicates, carbonates, hydroxides or borates. Therefore, samples need
to be analysed for the presence of such alkali metal salts prior to the determination of the water content.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 607, Surface active agents and detergents — Method's of sample division

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31

water content

mass fraction of free water, water of crystallization, absorbed water or occluded water, calculated from the

amount of Karl Fischer reagent used in accordance with this International Standard

NOTE The water content is expressed as a percentage by mass.
4 Principle

The water content of a test portion is determined on the basis of the reaction of water with Karl Fischer
reagent.

© 1SO 2011 - All rights reserved 1
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5 Test methods

5.1 General

Two titration methods using Karl Fischer reagent are described: a volumetric titration method and a
coulometric titration method.

The volumetric titration method shall be used for samples with a water content of 2 % or more; the coulometric

titration method shall be used for samples with a water content of 0,1 % or less. Both methods may be used
for water contents in the range of 0,1 % to 2 %.

5.2 Volumetric titration method

5.2.1 Principle
Any water present in a test portion is reacted with a solution of iodine and sulfur dioxide in an appropriate

mixture (Karl Fischer reagent), previously standardized by titration with an exactly known mass of water. The
water content is calculated as a percentage by mass from the amount of reagent used.

5.2.2 Reagents

During the analysis, use only reagents of recognized analytical grade and only grade 2 distilled water (5.2.2.1).

5.2.21 Distilled water or water of at least equivalent purity, complying with the requirements of
1SO 3696 for grade 2.

5.2.2.2 Karl Fischer reagent, preferably commercially prepared.

A reagent containing pyridine may be prepared as described in Annex A for information purposes. A non-
pyridine reagent can be used if it has been shown to be suitable; if so, this shall be indicated in the test report.

NOTE A suitable non-pyridine-containing reagent containing iodine, sulfur dioxide and an amine dissolved in
2-methoxyethanol is commercially available.

5.2.23 Disodium tartrate dihydrate or oxalic acid dihydrate, to be used as the primary standard for
Karl Fischer reagent, or water (5.2.2.1).

5.2.24 Solvent, e.g. 2-methoxyethanol, propan-1-ol or methanol.

If it is known that these solvents interfere with the determination (e.g. for the determination of water in
aldehydes or ketones), trichloromethane or dichloromethane may be used; if so, this shall be indicated in the
test report.

WARNING — Trichloromethane and dichloromethane are harmful if inhaled or swallowed, and are

irritating to the skin, with the risk of irreversible effects and the danger of serious damage to health in
the event of prolonged exposure.

5.2.3 Apparatus

Use usual laboratory apparatus and, in particular, the following.

5.2.31 Karl Fischer apparatus, fully automatic or semi-automatic, consisting of
— atitrator with double platinum electrode,

— a 20 ml piston burette,

2 ©1S0 2011 - All rights reserved
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— drying tubes containing activated silica gel, calcium chloride or magnesium perchlorate,
— atfitration vessel,

— amagnetic stirring apparatus.

5.2.3.2 Micrometer syringe, capacity 100 pl.

5.2.3.3 Graduated pipette, capacity 20 ml.

5.23.4 Syringe, consisting of a glass tube of nominal capacity about 10 ml, having an internal diameter
of 2mm to 4 mm, with a movable needle attached to the syringe by suitable means.

5235 Balance, accurate to 0,1 mg.

5.24 Sampling

The laboratory sample of surface-active agent or detergent shall have been prepared and stored in
accordance with the instructions given in ISO 607.

5.25 Procedure

5.2.5.1 General
Atmospheric moisture is the biggest source of interference in Karl Fischer titration. Take care to thoroughly dry

the apparatus used and to handle the test portions and solvents speedily. To use the Karl Fischer apparatus,
follow the manufacturer's instructions.

5.25.2 Determination of the water equivalent of Karl Fischer reagent (5.2.2.2)
Determine the water equivalent of the reagent on each new container of reagent and repeat at least weekly.

It is necessary to check the titre of Karl Fischer reagent, as the titre of standard solutions is subject to change.
The type of apparatus used and desired analytical accuracy govern the frequency of such titre checks.

Place the magnetic stirring bar into the titration vessel of the Karl Fischer apparatus (5.2.3.1) using pincers,
and transfer 10 ml of one of the solvents (5.2.2.4) used for the determination into the titration vessel and titrate
with Karl Fischer reagent (5.2.2.2).

\Where absolutely necessary, e.g. for the determination of water in aldehydes or ketones, use chloroform or
dichloromethane (see 5.2.2.4) as solvent.

Either:

Weigh 200 mg to 250 mg of disodium tartrate dihydrate or oxalic acid dihydrate (5.2.2.3) in a weighing scoop
to the nearest 0,1 mg. Transfer the tartrate or oxalic acid to the titration vessel and reweigh the weighing
scoop. Dissolve the tartrate or oxalic acid in the solvent by gentle stirring.

Or:

Introduce approximately 40 mg of water (5.2.2.1) from a dropping bottle, weighed before and after introducing
the water into the titration vessel.

The amount of solvent used shall be such as to inmerse the electrode by 2 mm to 3 mm.

Add Karl Fischer reagent until the electrometric end point has been reached, that is, is when, after adding Karl
Fischer reagent drop by drop, the observed value remains constant for 30 s.

© 1SO 2011 - All rights reserved 3
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The water equivalent, PH,0: expressed in milligrams of water per millilitre of reagent, is given by one of the
following equations:

m1 X WY 20
PH20 =007,
or
)
PH,0 7,
where

ny is the mass, in milligrams, of disodium tartrate dihydrate or oxalic acid dihydrate (5.2.2.3) used;
m,  isthemass, in milligrams, of water (5.2.2.1) used;

Wh.o is the water content, expressed as a percentage by mass, of the primary standard (5.2.2.3) used,
i.e. 15,66 for sodium tartrate dihydrate or 28,57 for oxalic acid dihydrate;

v is the volume, in millilitres, of Karl Fischer reagent (5.2.2.2) used in the titration.

5.2.5.3 Determination of water content

5.25.31 General

Depending on the characteristics of the laboratory sample, one of the following two methods shall be chosen:
the general method (5.2.5.3.2) or the dissolution method (5.2.5.3.3).

The general method is suitable for samples which are homogeneous and easy to dispense into the titration
vessel.

The dissolution method shall be used for samples for which homogeneity is questionable and/or for samples
that are difficult to dispense into the titration vessel.

5.2.5.3.2 General method

5.2.5.3.2.1 Determination

Place 20 mi of solvent (5.2.2.4) and the magnetic stirring bar (using pincers) in the titration vessel of the Karl
Fischer apparatus (5.2.3.1). Whilst stirring, add Karl Fischer reagent (5.2.2.2) until the end point is reached as
indicated by the instrument reading. Do not record the amount of reagent used.

Add the test portion. Check the amount to the nearest 0,1 mg by difference of masses, m,. Choose the
amount so as to consume a volume of Karl Fischer reagent corresponding to more than 50 % of the capacity
of the piston burette. Stir to dissolve and titrate to the same end point. Record the volume of Karl Fischer
reagent used, V5.

Carry out a second determination by adding another test portion and repeating the titration.

4 © 1SO 2011 - All rights reserved
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Sieve Analysis

Overview

Sieve analysis is a technique used to determine the particle size distribution of a powder. This
method is performed by sifting a powder sample through a stack of wire mesh sieves,
separating it into discrete size ranges. A sieve shaker is used to vibrate the sieve stack for a
specific period of time. Vibration allows irregularly shaped particles to reorient as they fall
through the sieves. Additionally, agitation of the sieves serves to break apart weak
agglomerates, allowing for a more reliable measurement of the particle size distribution. Care
should be taken to choose an appropriate agitation time, so that particle fracture does not occur.
The particle size distribution of a powder serves as an indication of flowability. Powders with a
broad size distribution tend to be poorer flowing than those with a narrow size distribution.

Figure 1: Example image of sieve shaker equipment and wire cloth sieves
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ASTM Standard Testing Procedure

ASTM B214-07: Standard Test Method for Sieve Analysis of Metal Powders details sample
preparation, procedure, and results reporting specifications for sieve analysis of metal powders.

These specifications can be extended for use with testing of pharmaceutical excipients.

Test Specimen

The ASTM standard provides a recommendation on the size of the sample used in sieve
analysis. If the apparent density of the powder is larger than 1.50 g/cm®, a sample size between
90-110g should be used. Otherwise, a smaller sample between 40-60g may be used.

Procedure

1. Record the mass of the sample to be used.

2. Stack sieves in order from smallest to largest, starting at the bottom, with the pan below

the smallest sieve.

B &

assembly.

Add the powder sample to the top sieve.

Tighten the equipment to ensure that the sieve stack is held firmly in the shaker

5. Set the sieve shaker to vibrate for 15 minutes. A shorter time may be required for brittle

materials.

Results

1. Carefully weigh the mass retained on each sieve and in the pan.

2. Organize the results in a table which provides columns for sieve number, sieve size,

mass fraction retained.

a. The mass fraction is defined as the mass retained on a particular sieve divided by

the initial sample mass.
Sieve Number Sieve Size Mass Percentage Retained
(%)
14 1400 2.837
18 1000 8.815




25 710 32.016
35 500 20.770
40 425 1.520
Pan 0 34.043

Figure 2: Example Data

USP-NF Standard Testing Procedure

Chapter <786> of USP32-NF27 provides a description of the testing method for the

measurement of particle size distribution of a powder by the sieve analysis method. While this

standard does not provide a specific testing procedure, it does specify requirements for

operating parameters and the selection of a dispersant fluid. These requirements are as follows.

1. This method is appropriate for particle sizes larger than 75 pum. Smaller particle sizes

may be used through the addition of an agitation method such as air jet or sonic sieving.
In addition, if particle sizes smaller than this value are used, a validation of the method

for use with the target paticle size should be provided in the results report.

)

Sample mass should be between 25 and 100g.
3. Temperature and humidity should be controlled such that the moisture content of the
material remains constant.
4. Appropriate sieve sizes should be selected to cover the range of particle sizes in the
sample.
5. Sieves should be inspected for cleanliness and defects prior to use.
6. Test sieves should be 200mm in diameter.
a.For smaller samples, smaller sieves may be used.
b. Small samples may need to be used for particles with low apparent density.
7. Anappropriate agitation method should be selected based on the material under

consideration.

Reporting

The USP-NF standard requires that the following information be reported for this test method:
1. Sample mass

Sieve time

Sieve method

Mass retained on each sieve

“w A~ Ao

Ifit is necessary to calculate a cumulative size distribution finer, an upper sieve should

be selected through which the entire sample will pass (0% retained).

Calculation of Distributions and Associated Parameters

The frequency distribution and the cumulative frequency distribution are two widely used
methods of representing particle size data. The following outlines the method of calculating
these two distributions from sieve analysis data, as well as several associated parameters.
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Frequency Distribution

A frequency distribution derived from sieve analysis data consists of a plot of the frequency
by mass of discrete size intervals (f,,;) against the midpoint of the interval size (Xyq). This plot
can be represented either as a scatter plot or as a histogram. The following is a description of
how to calculate the frequency distribution of a powder from sieve analysis data.

Frequency Distribution

2 2 2 Fa e
B o 0 = N B
L |

Frequency [%/um]

e
[}

o

B T " B

0 50 100 150 200 250

Particle Size [um]

Figure 3

Notation
1. f,;—the frequency, by mass, of inferval i [%/jum]
Yoani — the mass percentage retained in size interval i [%]
Xyigi— the midpoint of size interval i [pum]
Ax; — the width of size interval i [pm]

S gl D

x;—the size of the current sieve [pun]

Equations
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Cumulative Distribution

A cumulative distribution derived from sieve analysis data consists of plotting the cumulative
mass percentage finer against the midpoint of each size interval. This type of plot is typically
represented as a scatter plot. The cumulative mass percentage finer is the sum of all mass
percentages in size ranges smaller than and including the cuirent size range. The following is
a description of the calculations required to obtain this distribution from sieve analysis data.

Cumulative Distribution

120

100

80

60 -

40

20 -

Cumulative Frequency [%]

0 I B B = 0 - T
0 50 100 150 200 250
Particle Size [pum]

Figure 4

Notation

1. C,;— Cumulative mass percentage finer in size interval i [%]
Youni — the mass percentage retained in size interval i [%)]
Xpnigi— the midpoint of size interval i [pm]
Ax; — the width of size interval i [pm]

v L

x;—the size of the current sieve [pun]

A,
Ct = Z:"Xml

Sieve Size (un) Midpoint of Size Mass Percentage Cumulative Mass
Interval (pum) Retained (%) Percentage Finer (%)
1400 1600 2.837 100.000
1000 1200 8.815 97.163
710 855 32.016 88.349
500 605 20.770 56.332
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425 462.5 1.520 35.562

0 212:5 34.043 34.043

Table 1: Example Data

Mass Mean Diameter (x43)

Notation

1. %; —the midpoint of the size range in a (size, frequency) pair [ym]

2. Youi —INAss percentage in size range [%]

Sauter Mean Diameter (x3;)

1
Xpd= g7
* Eyfgml.l
100 =,

Notation

1. ®; —the midpoint of the size range in a (size, frequency) pair [um]

2. Youn —INAss percentage in size range [%]

X0
This quantity is often found by interpolation, using the cumulative size distribution. The 10"
percentile size is defined as the particle size at which 10% of particles are smaller.

Notation
1. f(x) — fiequency distribution [%/pm]
2. —cumulative distribution [%]

Median (xs)
This quantity is often found by interpolation, using the cumulative size distribution. The 50"
percentile size is the particle size at which 50% of particles are smaller.
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Notation
1. f(x) - frequency distribution [%/pm]
2. —cumulative distribution [%]

Xop
This quantity is often found by interpolation, using the cumulative size distribution. The 90"
percentile size is the particle size at which 90% of particles are smaller.

Notation
1. f(x) —frequency distribution [%/pm]
2. —cumulative distribution [%]

Span
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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, govern-
mental and non-governmental, in liaison with ISO, also take part in the
work. 1SO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publicalion as an Inter-
national Standard requires approval by at least 75% of the member
bodies casting a vote.

International Standard ISO 7973 was prepared by Technical Committee
ISO/TC 34, Agricultural food products, Sub-Committee SC 4, Cereals and
pulses.

This International Standard takes into account Standard No. 126 of the
International Association for Cereal Science and Technology (ICC).

Annex A forms an integral part of this International Standard. Annexes
B and C are for information only.
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or by any means, electronic or mechanical, including photocopying and microfilm, without
permission in writing from the publisher.
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INTERNATIONAL STANDARD

1SO 7973:1992(E)

Cereals and milled cereal products — Determination of the
viscosity of flour — Method using an amylograph

1 Scope

This International Standard specifies a method using
an amylograph for determining the viscosity of a
suspension of flour in water, in which the starch is
gelatinized by heating, in order to assess the con-
ditions of gelatinization of the flour and so judge
whether there is any alpha-amylase activity.

This method is applicable to wheat and rye flour and
also to wheat and rye grain.

NOTES

1 This International Standard has been prepared on the
basis of the Brabender-type amylograph.

2 This method applies strictly to an amylograph and not
to a viscograph, since an amylograph possesses the fol-
lowing characteristics:

— it is possible to change the torque-measuring head;

- the heating coils are located around the bowl of the
apparatus and at the bottom;

— there is no cooling rod for lowering the gel tempera-
ture.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All stan-
dards< are. subject to revision, and parties to
agreements based on this International Standard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and 1SO maintain
registers of currently valid International Standards.

ISO 712:1985, Cereals and cereal products — Deter-
mination of moisture content (Routine reference
method).

ISO 3093:1982, Cereals — Determination of falling
number.

3 Definition

For the purposes of this International Standard, the
following definition applies.

3.1 amylograph viscosity: Maximum viscosity
reached by a suspension of flour and water which is
gelatinized by heating under the conditions set out
in this International Standard.

It is expressed as an arbitrary unil: amylograph unit
(AU).

4 Principle

Preparation of a suspension of flour in water, fol-
lowed by recording of the viscosity of the suspen-
sion which is heated at a constant rate from 30 °C
to the temperature corresponding lo the moment at
which viscosity starts to decrease, having reached
its maximum (approximately 85 °C).

The increase in viscosity due to gelatinization of the
starch is dependent upon the increase in tempera-
ture, the mechanical action of stirring and the ac-

tivity of alpha-amylase already present or added to
the flour.

5 Reagent

5.1 Distilled water, or water of equivalent purity.

6 Apparatus

Usual laboratory equipment and, in particular, the
following.
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6.1 Amylograph, having the following character-
istics:

Speed of rotation of
the spindle

Torque exerted per
amylograph unit
{AU), using a stan-
dard measuring

(75 + 1) rev/min

(6,86 + 0,14) x 10™° N.m/AU

cartridge [(0,700 + 0,015) gf.cm/AU)]
Rate of temperature
rise (1,50 + 0,03) °C/min
Linear speed of the
recorder (0,50 + 0,01) cm/min

Position the sensing pins and the pins of the bowl
so that they penetrate freely into the jig provided by
the manufacturer.

Adjust the pressure of the pen on the paper as fol-
lows. Remove the pen, fill it with ink and weigh it.
At the end of the arm which normally holds the pen,
place a mass 0,5 g to 1 g less than that of the com-
pletely filled pen. Adjust the position of the counter-
weight to obtain equilibrium then remove the mass
and replace the pen.

6.2 Analytical balance, accurate to within 0,1 g.

6.3 Burette, of 450 ml capacity, with an automatic
zeroing system.

6.4 Shallow beaker, of capacity 600 mi to 1000 ml,
or a conical flask with stopper.

6.5 Spatula, with a rubber or plastic end.

6.6 MillY, complying with the requirements of
ISO 3093 in the case of wheat and rye grains; i.e.
capable of grinding a product of moisture content
up to 30 % (m/m) and with adjustment to obtain a
meal meeting the requirements of table 1.

Table 1 — Particle size requirements

. Meal passing through the
Mesh opening of sieve siave
pm %
710 100
500 95 to 100
210 to 200 80 or less

7 Sampling

It is important that the laboratory receive a sample
which is truly representative and has nol been
damaged or changed during transport and storage.

Sampling is not part of the method specified in this
International Standard. Recommended sampling
methods are given in ISO 950 (for grains) and
ISO 2170 (for milled products).

8 Procedure

8.1 Preparation of test sample

8.1.1 Flour

Use the laboratory sample as provided, after thor-
ough mixing, taking test samples as required.

8.1.2 Grain

Remove dust and coarse impurities from the lab-
oratory sample and then take approximately 300 g
of grain.

Grind the sample carefully in the mill (6.6), avoiding
heating or overloading.

Continue grinding for 30 s to 40 s after the last of the
sample has been fed into the mill. Bran particles up
to 1 % remaining on the screen may be discarded.

Thoroughly mix the milled product.

8.2 Preliminary operations

8.21 Determination of the moisture content of the
test sample

Determine the moisture content of the test sample
(8.1) in accordance with ISO 712.

8.2.2 Adjustment of the amylograph and no-load
test

Manually adjust the starting temperature of the
temperature regulator to 30 °C, with the clutch in the
neutral position. Fill the pen with ink. Place the
spindle in the bowl, connect the spindle to the shaft
and lower the amylograph head into position. Start
the motor and check that the pen moves over the
baseline of the recording paper. If necessary, adjust
the position of the pen on its arm. Stop the motor,
disconnect the spindle, lift and turn the head of the
apparatus. Remove the spindle.

1) Kamas Slago 200 A and Falling Number type KT 120 mills are examples of suitable commercially available products.
This information is given for the convenience of users of this International Standard and does not constitute an endorse-
ment by ISO of the products named. Equivalent products may be used if they can be shown to lead lo the same results.
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CAUTION — Refer to annex A for the calibration of
the amylograph. Particular care shall be taken when
adjusting the contact thermometer as its position has
a marked influence on the results.

8.3 Test portion

8.3.1 For flour

Weigh, to the nearest 0,1 g, the equivalent of 80,0 g
of flour with a moisture content of 14,0 % (m/m).
This mass, m, in grams, is given in table2 as a
function of moisture content.

8.3.2 For grain

Adjust the mass of the test portion so that 80,0 g of
milled product corresponds to a moisture content of
14,0 % (m/m). This mass, m, in grams, is also given
in table 2 as a function of moisture content.

8.4 Preparation of suspension

8.4.1 Fill the burette (6.3) with distilled water up to
the zero mark.

8.4.2 Place the test portion in the beaker (6.4) and
add 100 mi of water from the burette. Mix with the
spatula (6.5) for approximately 20 s in order to ob-
tain a uniform suspension.

NOTE 3 A longer mixing time may be necessary for rye
flour.

While continuing to stir, gradually add the water (in
four stages) until there are approximately 100 ml
remaining in the burette and check that the suspen-
sion is free from lumps and there is as little foaming
as possible, then pour the suspension into the
amylograph bowl.

8.4.3 Using the spatula, scrape up any residue of
suspension which might be sticking to the sides and
bottom of the beaker and dilute with half the water
remaining in the burette. Pour all of this suspension
intothe amylograph bowl.

Pour the remaining water into the beaker to rinse it
and collect a ‘quantity of rinsing solution in the
amylograph bowl, such that the-total mass of the
suspension is 5300 g +0.5 g.

ISO 7973:1992(E)

8.4.4 It is important that operations 8.4.1, 8.4.2 and
8.4.3 be completed within 2 min.

8.4.5 |In the case of grain, the mass of the test por-
tion plus the mass of water should equal
540,0 g + 0,5 g (corresponding to 90 g of flour and
450 g of water).

8.5 Amylograph test

8.5.1 Place the spindle in the amylograph bowl.
Connect it to the shaft and carefully lower the head
of the apparatus.

8.5.2 Start the motor and swilch on the heater and
timer. As soon as the heater cuts out (automat-
ically), mark the next line up on the recording paper.
At the moment that this line passes under the pen,
place the clutch in the up position.

Set the timer to ring at the desired time. For wheat
the time taken to oblain the viscosity curve is
40 min to 45 min or less, and for rye it is 30 min to
40 min or less.

8.5.3 When the curve has reached its maximum
and has started to drop again, stop the motor, switch
off the heater and read the temperature on the
thermometer. Disconnect the spindle from its shaft.
Raise the head of the apparatus, leaving the spindle
in the bowl. Remove and clean the bowl and spindle
under running water from the tap. Clean the
thermoregulator with a warm damp cloth.

8.5.4 If a viscosity in excess of 1 000 AU is reached,
add a supplementary weight provided for this pur-
pose, so increasing the recording range of the curve
by 500 AU or 1 000 AU.

If this is not possible, repeat the procedure from
8.3, using a smaller test portion (e.g. 70 g).

9 Calculation

9.1 Determination of the maximum
amylograph viscosity

The maximum amylograph viscosity, expressed in
amylograph units {AU), is given by the y-axis of the
curve at its maximum (see figure 1).

Express this viscosity to the nearest 5 AU.
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Table 2 — Mass of the test portion, in grams,
corresponding to 80 g and 90 g, at 14 % (m/m)
moisture content

Moist- Moist-
ure Mass of the test ure Mass of the test
content portion content portior
corresponding to corresponding to
% (mjm) % (mjm)
80 g %0 g 80 g 0g
9,0 756 85,1 13,6 79,6 89,6
9.1 757 85,1 13,7 79,7 89,7
9,2 75,8 85,2 13,8 79,8 89,8
93 75,9 853 13,8 79,9 89,9
9.4 75,8 854 14,0 80,0 90,0
9,5 76,0 85,5 14,1 80,1 90,1
9.6 76,1 856 14,2 80,2 90,2
9,7 76,2 85,7 14,3 80,3 90,3
9,8 76,3 85,8 144 804 90,4
9,8 76,4 859 14,5 80,5 90,5

10,0 76,4 86,0 14,6 80,6 90,6
10,1 76,5 86,1 14,7 80,7 90,7
10,2 76,6 86,2 14,8 80,8 90,8
103 76,7 86,3 14,9 80,8 91,0
10,4 76,8 86,4 15,0 80,9 91,1
10,5 76,9 86,5 15,1 81,0 91,2
10,6 77,0 86,6 15,2 811 913
10,7 77,0 86,7 15,3 81,2 914
10,8 771 86,8 154 813 91,5
10,9 772 86,9 15,5 81,4 91,6
11,0 773 87,0 15,6 81,5 91,7
11 774 87,1 157 81,6 91,8
11,2 775 87,2 15,8 81,7 91,9
13 7786 873 15,9 81,8 92,0
11,4 771 874 16,0 81,9 92,1
15 77,7 87,5 16,1 82,0 923
116 77.8 87,6 16,2 82,1 924
1,7 77,9 877 16,3 822 92,5
11,8 78,0 87.8 16,4 823 92,6
11,9 78,1 879 16,5 82,4 92,7
12,0 78,2 88,0 16,6 82,5 92,8
12,1 78,3 88,1 16,7 82,6 92,9
12,2 78,4 88,2 16,8 82,7 93,0
12,3 784 88,3 16,9 82,8 931
124 78,5 88,4 17,0 82,9 93,3
12,5 78,6 88,5 17,1 83,0 93,4
126 78,7 88,6 17,2 83,1 93,5
127 78,8 88,7 17,3 83,3 93,6
12,8 78,8 88,8 174 833 93,7
12,9 79,0 88,9 17,5 83,4 93,8

Moist- Moist-
ure Mass of the test ure Mass of the test
conlent corre';:.::zi'ng to content correm‘:!?ng to
% (mjm) % {mjm)
80g 20g 80 g 90 g

13,0 791 89,0 176 83,5 93,9
13,1 79,2 89,1 17,7 83,6 94,0
13,2 79,3 89,2 17,8 837 94,2
13,3 794 89,3 17.9 83,8 94,3
134 79.4 89,4 18,0 83,9 94,4
13,5 79,5 89,5

NOTE — The values in this table have been calculated
using the formula

m=m'x 86/(100 — )

where
m is the mass of the test portion, in grams;
H is the moisture content of lhe sample, ex-
pressed as a percentage by mass;
m' is the mass, in grams, of a test por-

tion of moisture content 14 %
(m’ =80 g or m' =90 g).

9.2 Determination of temperature at
maximum viscosity

The temperature 6, at maximum viscosity, ex-
pressed in degrees Celsius, is given by the formula

8 =300 + (4 — 30,0) x afb

where

4 is the temperalure, in degrees Celsius,
read from the thermometer at the end of
the test (approximately 95 °C);

a is the length, in centimetres, of the re-
cording from the mark made at the start
of the test to maximum viscosity;

b is the length, in centimetres, of the re-

cording from the mark made at the start
of the test to the end of the'test.

Express the temperature @ tothe nearest 0,5 °C.

If the apparatus-is correctly adjusted
(4 —30,0)/b=(3,0 4 0,1) °C/cm
and thus § = 30,0 + 3a.

NOTE 4 It may also be of interest to note the tempera-
ture at which gelatinization starts (marked change in the
slope of the recorded curve), and then use a formula
similar to the above.
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10 Precision

NOTE S  The results of an inter-laboratory test are given
in annex B.

10.1 Repeatability

The absolute difference between two independent
single test results, within the range 197 AU to
693 AU, obtained using the same method on identi-
cal test material in the same laboratory by the same
operator using the same equipment within a short
interval of time, should not be greater than 27 AU.

10.2 Reproducibility

The absolute difference between two single test re-
sults, within the range 197 AU to 693 AU, obtained
using the same method on identical test material in
different laboratories with different operators using
different equipment, should not be greater than
231 AU.

ISO 7973:1992(E)

11 Test report
The test report shall specify

— the method in accordance with which sampling
was carried out (if known),

— the method used,

— the mass of the test portion if different from that
specified in 8.3,

~— the test result(s) obtained, and

— if the repeatability has been checked, the final
quoted result obtained.

It shall also mention all operating details not speci-
fied in this International Standard, or regarded as
optional, together with details of any incidents which
may have influenced the test result(s).

The test report shall include all information necess-
ary for the complete identification of the sample.

]
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Figure 1 — Typical amylogram
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Annex A

(normative)

Calibration of the amylograph

Each apparatus shall be compared with another us-
ing a range of flours. It is permissible for the
amylograph to be calibrated by the manufacturer
using his own standard equipment. However, this
may not be possible with old or over-used equip-
ment. Frequent checks are necessary in order to
maintain correct correspondence between appar-
atus.

The curve measured with a standard flour shall be
such that the maximum viscosity at 500 AU does not
vary by + 20 AU and above 500 AU by + 30 AU in
relation to the standard curve for the standard flour,
and the starting time for the rise of the curve does
not vary by + 0,5 min in relation to this standard
curve.

If these tolerances are not observed, the following
adjustments are possible in each particular case.

a) The curve is too high

In this case, raise the spindle to reduce the depth
of plunge. To do this, remove the spindle and
unscrew the coupling-retaining screw. Then, with
the left hand, hold the top knob of the measuring
shaft so that the pen is at approximately 500 AU.
Then, with the right hand, push the spindle cou-
pling up by approximately 2 mm, turning it
slightly. Retighten the coupling-retaining screw
and replace the spindle.

Carry out a new test to check the result obtained.

b) The curve is too low

-

In this case, lower the spindle in order to in-
crease the depth of plunge. To do this, remove
the spindle and unscrew the coupling-retaining
screw. Then, with the left hand, hold the top knob
of the measuring shaft so that the pen is at ap-
proximately 500 AU. Then, with the right hand,

C

d)

push the spindle coupling down by approxi-
mately 1 mm to 2 mm, turning it slightly. Re-
tighten the coupling-retaining screw and replace
the spindle.

Check that the rods do not touch the bottom of
the measuring bow! by lowering the measuring
head and spindle and then briefly turning on the
apparatus. Any friction between the rods of the
spindle and the bottom of the measuring bowl
can be identified from the noise.

Carry out a new test to check the result obtained.

The starting time for the rise of the curve is too
short

In this case, move the contact ther. ~meter to-
wards the front of the apparatus. To « this, us-
ing both hands, simultaneously unscrew the
knurled screws to the right and left of the contact
thermometer beneath the measuring head of the
apparatus, which allows the contact ther-
mometer to be moved 1 mm to 2 mm towards the
front of the apparatus. Retighten the screws.

Carry out a new test to check the result obtained.

The starting time for the rise of the curve is too
long

In this case, move the contact thermometer to-
wards the rear of the apparatus, that is towards
the centre of the measuring bowl. To do this, us-
ing both hands, simultaneously unscrew the
knurled screws to the right and left of the contact
thermometer beneath the measuring head of the
apparatus, which allows the contact ther-
mometer to be moved 1 mm to 2 mm towards the
rear of the apparatus. Retighten the screws.

Carry out a new test to check the result obtained.
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Annex B
(informative)

Results of inter-laboratory test

An inter-laboratory test carried out by BIPEA in 1988, in which eight laboratories participated, each of which
carried out two determinations on each sample, gave the statistical resuits (evaluated in accordance with
ISO 5725) shown in table B.1.

Table B.1
Sample Wheat 1 Wheat 2
Number of laboratories retained after 8 8
eliminating outliers
Mean viscosity (AU} 197 693
Standard deviation of repeatability s, 346 9.41
(AU) B g
Coefficient of variation of repeatability 18 14
(%) ' '
Repeatability, 2,83 s, (AU) 10 27
Standard deviation of reproducibility 1211 81.68
S (AU) 3 g
Coefficient of variation of 16 12
repraducibility (%)
Reproducibility, 2,83 s (AU} 91 231
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Annex C
(informative)
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Technical data
IE2 General performance cast iron motors, 1500 r/min

IP 55 - IC 411 - Insulation class F, temperature rise class B

|IE2 efficiency class according to IEC 60034-30-1; 2014

Efficiency
IEC 60034-30-1; 2014 Current Torque
Moment Sound

Full 3/4 172 Power of inertia pressure
Qutput Speed: load load load factor £ I, T, J=1/4 Weight Levell,,
kW Motor type Product code t/min :100% 75%  50% Cosy : A 1A, Nm T/T, T./T, :GD%gm* kg dB
1500 r/min = 4 poles 400V 50 Hz CENELEC-design
0.25 M2BAX 71MA 4 3GBA072310-eeC 1415 :67,0 83,1 56,6 073 :074 44 1,68 21 28 0,000580 9 49
037 M2BAX 71MB 4 3GBAQ72320-eeC 1407 :695 69,0 844 077 10 42 25 1,9 27 10000580 10 49
055 M2BAX 80MA 4 3GBA0B2310-eeC 1413 1735 732 69,2 076 14 47 37 20 29 :0,00156 13 54
0.75 M2BAX 80MB 4 3GBA0B2320-eeC 1462 (796 785 744 0,71 19 62 5,0 3, 39 0,00247 17 53
1.1 M2BAX 90SA 4 3GBA092110-eeC 1447 814 80,7 772 073 i27 B3 74 32 43 i0,00372 21 51
15 M2BAX Q0LA 4 3GBADG2510-eeC 1441 828 826 79,8 074 :35 66 10,0 31 42 :0,00462 23 55
2.2 M2BAX 100LA4  3GBA10251 C 1445 :843 842 81,8 0,78 :48 6,7 145 286 38 0,007598 31 55
3 M2BAX 100LB4  3GBA102520-eeC 1443 :855 85.4 833 079 i64 74 198 28 42 10,0093% 35 58
4 M2BAX 112MA 4 3GBA112310-eeC 1442 :866 86,2 846 0,79 :84 75 26,5 40 43 0,0120 41 57
55 M2BAX 132SA 4 3GBA132110-eeC 1457 87,7 87,5 86,2 078 118 69 36,0 25 34 0,0257 57 66
75 M2BAX 132MA 4 3GBA132310-eeC 1457 :88,7 88,8 875 078 156 72 49,1 26 36 10,0320 68 67
11 M2BAX 160MLA 4 3GBA162410-eeC 1466 :898 88,9 89,2 079 :224 7.0 15 32 32 0,0784 110 67
15 M2BAX 160MLB 4 3GBA162420-eeC 1468 906 91,1 90,5 082 29,1 80 97,7 32 37 0,10 125 66
18.5 M2BAX 180MLA 4  3GBA182410-eeC 1470 :912 915 908 080 :368 85 120 37 42 :0420 155 65
22 M2BAX 180MLB 4 3GBA182420-eeC 1472 :91p 913 90,2 078 (444 92 143 41 48 10,138 168 66
30 M2BAX 200MLA 4  3GBA202410-eeC 1476 :92.3 92.4 92,0 0,81 579 68 154 30 32 0,236 222 68
37 MP2BAX 225SMA 4  3GBA222210-esC 1479 1927 92,7 92,2 082 i703 74 239 31 33 :0350 263 69
45 M2BAX 225SMB 4  3GBA222220-eeC 1481 $1931 93,0 92,3 0,81 86,1 49 200 35 35 0,416 290 89
55 M2BAX 250SMA 4  3GBA252210-eeC 1480 $935 03,4 02,7 083 102 76 355 33 33 10533 339 77
75 M2BAX 280SA 4 3GBA282110-eeC 1484 942 942 935 085 :135 69 482 25 28 11,250 515 71
90 M2BAX 280SMB 4 SGBAQEEQ 1483 : 944 946 944 086 :160 7.2 579 25 %F 1,50 575 71

l 110 M2BAX 315SMA 4 3GBA31221 1422 94,7 04,6 93’_8 086 194 72 706 Q 25 2_.30 775 78 I

132 MP2BAX 315SMB 4  3GBA312220-eeC 1487 1950 95,0 043 086 $233 71 847 23 27 1280 830 78
160 M2BAX 3158MC 4 3GBA312230-eeC 1487 :952 95,3 946 085 285 72 1027 24 28 2,90 870 78
200 M2BAX 315MLA 4 3GBA312410-esC 1486 :953 954 949 088 :352 7.0 1285 23,28 3,50 095 78
250 M2BAX 3555MA 4 3GBA352210-eeC 1488 1852 95,2 04,4 085 445 67 1604 20 28 i540 1400 82
315 M2BAX 355SMB 4 3GBA352220-eeC 1488 1055 95,5 948 085 560 73 2021 ZanE 6,90 1570 82
355 M2BAX 355SMC 4 8GBA352230-eeC 1487 :955 95,7 95,2 086 :823 B8 2279 24 27 :7.20 1650 82

Notel Please check the availability for sizes 280-355 with ABB

9AKK105789 EN 06-2016 | ABB Motors and Generators
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IP 55 - IC 411 - Insulation class F, temperature
rise class B |E3 efficiency class according to IEC
60034-30-1; 2014

Efficiency
IEC 60034-30-1; 2014 Current Torque Moment
of inertia Sound

Full 34 172 Power J=1/4 pressure
Output Speed; load ~ load  load | factor I, . X UL Ty ODkgme  Weight Level L,
KW Motor type Product code tmin : 100% 75% 50%  Cosg :A $%  Nm s vl kg dB
1500 rimin = 4 poles 400V 50 Hz CENELEC-design
0.25 M2BAX 71MB  3GBA072320--D 1440 735 701 638 064 (078 61 167 27 35 0000750 11 41
037 M2BAX 71MLA  3GBA072410--D 1441 773 743 698 066 106 68 247 27 38 0000980 13 50
055 M2BAX 80MC  3GBA082330---D 1446 :808 807 780 074 (132 80 364 27 39 :00028 15 48
0.75 M2BAX 80MLA  3GBA0B2410--D 1445 825 812 776 070 (184 78 48 38 46 000295 24 49
11 M2BAX 90 SB 3GBA092120--D 1438 (841 834 809 (073 (259 79 728 36 42 000334 22 48
15 M2BAX 90SLA  3GBA092010--D 1439 :853 844 821 073 (352 78 995 39 45 000485 24 4
22 M2BAX 100LB  3GBA102520--D 1450 :867 861 841 078 :474 84 145 34 44 000863 35 50
3 M2BAX 100 LKA 3GBA102810--D 144§ :877 877 865 :079 :625 86 199 36 45 :00115 43 57
4 M2BAX 112MLA 3GBA112410--D 1443 1886 839 881 081 :811 85 265 36 44 00152 53 57
55 M2BAX 132SMA 4 3GBA132210--D 1463 (896 904 902 077 (115 79 3589 26 33 00297 68 68
75 M2BAX 132SME4 3GBA132250---D 1465 (904 907 903 078 155 74 490 25 40 00370 77 60
1 M2BAX 160MLA4 3GBA162410--D 1477 (914 918 911 1082 (211 76 713 26 33 0110 134 61
15 M2BAX 160MLB4 3GBA162420-~D 1477 1921 924 916 082 :285 82 970 30 37 0135 159 61
185 M2BAX 180MLA 4 3GBA182410--D 1481 926 832 929 083 :349 72 1193 28 30 :0219 192 60
22 M2BAX 180MLB4 3GBA182420--D 1481 :930 935 933 :082 :414 65 1420 30 32 :0243 205 60
30 M2BAX 200MLA 4 3GBA202410--D 1483 936 938 934 084 (548 75 1932 27 32 :0385 259 63
37 M2BAX 225SMA 4 3GBA222210--D 1482 939 941 938 083 (683 72 2386 31 31 0427 274 67
45 M2BAX 225SMB4 3GBA222220--D 1482 {942 944 940 084 823 80 2900 32 35 0525 307 66
55 M2BAX 250SMA 4 3GBA252210--D 1482 {946 947 940 084 1000 71 3542 29 34 | 06%4 358 68
75 M2BAX 280SMB4 3GBA282220--M 1485 {950 952 948 1086 (1330 64 4830 23 28 1380 573 75
90 M2BAX 280SMC 4 3GBA282230--M 1485 {952 953 948 086 1590 71 5880 25 29 1730 636 75
110 M2BAX 315SMB4 3GBA312220--M 1489 954 954 948 085 (1960 70 7050 21 30 2430 823 71
132 M2BAX 315SMC4 3GBA312230--M 1433 :956 958 953 086 :2310 67 8470 22 29 :290 892 7
160 M2BAX 315SMD 4 3GBA312240---M 1488 {958 960 958 085 :2820 69 10260 22 30 (320 933 7
200 M2BAX 315MLB4 3GBA312420--M 1487 (960 94 964 086 3510 68 12840 24 30 | 390 1091 74
250 M2BAX 355SMA 4 3GBA352210--M 1491 (960 9,0 956 086 4350 64 16010 21 29 590 1445 78
315 M2BAX 355SMB4 3GBA352220--M 1491 (960 960 956 (086 :5450 67 20180 23 30 :690 1595 78
355 M2BAX 355SMC4 3GBA352230--M 1430 :960 9.2 958 086 :6160 63 22730 23 28 :720 1635 78

uTemperature rise class F
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