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Abstract

This thesis involved experimental cassava starch agglomeration during pneumatic
conveying drying. The possible agglomeration mechanisms of cassava starch during
pneumatic conveying drying were proposed. Three mechanisms including liquid bridge,
solid bridge, and micromechanical interlocking were investigated. For liquid and solid
bridges, both mechanisms were investigated base on glass transition, gelatinization, and
structural changes of the starch. Glass transition and gelatinization temperature of the
starch were determined at various starch moisture contents. To investigate phase
transition of the starch, the starch was dried using pilot-scale pneumatic conveying
dryer. Temperature, moisture content and particle size distribution of the starch were
measured along the drying tube. Further, the percentages of gelatinization and
percentages of crystallinity during pneumatic conveying drying were investigated by
using DSC and XRD, respectively. Experimental results showed that the starch did not
gelatinize during the drying process. However, at the early stage of drying process, the
temperature of the starch was higher than its glass transition temperature indicating that
the starch was in rubbery phase. After the starch passed the middle stage of drying tube,
the phase changed from rubbery to glassy state. These changes of the cassava starch
correlated with the changes of particle size. The agglomeration of the cassava starch

occurred when the cassava starch was in rubbery phase.

The effects of damaged starch content on cassava starch agglomeration during
pneumatic conveying drying were determined to investigate the starch agglomeration by
micro-mechanical interlocking. The starch was wet milled at different time to obtain the
starch samples with different damaged starch content. To investigate only micro-

mechanical interlocking, glass transition and gelatinization temperatures of the starch



samples were investigated. After that, the starch samples were dried in pilot-scale
pneumatic conveying dryer. Particle size distribution of the dried samples was
determined. Experimental results showed that starch damage had profound effect on
glass transition and gelatinization temperatures of the starch samples. Glass transition
and gelatinization temperatures decreased with increasing damaged starch content.
Some fractions of the starch samples gelatinized during milling. After the drying
process, particle size of the dried starch samples which had similar glass transition and

gelatinization temperatures increased when damaged starch content increased.

Keywords : Cassava starch/Pneumatic conveying drying/Oversize starch
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Tuagiumsulasuaniugvewdlony 14 2 viiandn 9 1dun
{ ¥ ..

1. msasuulasaningadienna (Glass transition)
A g Yo 9 = AR A ' A A Y ¥
woudldldsunnuiousudeguugizisonngungiman)asuuasaniizadionna (Glass

.. Yy < = Y Y 2 Ao )
transition temperature) 1an ﬂfﬂzuJaﬂuamuzmﬂﬁmuzﬂmﬂum (Glassy state) WIUANHULADY

2 g ] 2 Ao ] A Y, A N
YU U0 1UEAA18813 (Rubbery state) TINANBUAGWVDANAIMUA 1ilvzligairigiins
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' =4 a

a a o < o ¥ ' o w a
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d' 9 Y a a a &Y 1 [ a Y
Wasulasannzadiondy  guugdlumsinanad lusduszuananuldamsiaveudls

U

Teaudluiudlzvdseslquugiigauvgilumsinanad luaduegniszuns 55 osruvaFed

Y H v Y
nazguvgiguugilumananaid luaduszanasmuanusuvowilaimuiy  (Hsu  uay

A, 2000)

szozh 3 illegunglgununiguugilumsinanaia luedu anudeudiunuzihling

(3

A A ] 9 A o q ¥ A 2 .
mamaeunveudiauilaninesdd mlianumniiaued sol luszeziines o anad (Eliasson, 1996)

A A a = Ay a A 2 o o
szoefl 4 1paAguunlued sol avaudNguUUYlves  orilladazalgponu1azEuNaULITY
v @ <3 { Y a I Aana [
mnudousoudauilannesdr  matlulassadvawinavewdlitlonvsomauils Tasdnyae

Y
Vo4 sol Tuszeziiazisandn sol to gel (Hsu tazame, 2000)

2.5 anudamneaveanils (Damaged starch)

Y oy Ay Y 1 1 2 ! 9 v 2 a
Tuedntimssununuilan ldnnmsTuunaieznamodluey  Fuayvowiluvaiiinan
' ] Y Ay Yo = . >
druveudauilan 1a5uANEeN18910U59N190a (mechanical damage)  IABUSIAY 1159

A A 1 [ = 1 < Y Idyd 1 Y A Yo =
ATZUNN  HIOUTURDUTEUIIMT I FaadruveadauilavariGeniuilan lasuanu@deviie

Aa o ] ~ < Y 1 9
(damaged starch) 1AIUIVBVOS Jones (1940) wuNANMFeeveadauile uualdiv 2

] = i o < { 1 9
Uszinnlng q A anwdemeiildiiauilsiuanvsoinesnuaiunseinesn lutlgiiu
=\ aw A A A o =y Y 1 1 Y 9 o v 9
HIBNUMIIVBNNAUAeINUANMTeeveaile wunluszrinamseunrauilaiudiaaie

4 A 3 ' 1 a = Y < a = 1
lﬂ%@Q@ULLﬁQL!UUW'IWgaiJV]ﬂ'J'liJlijaiJi;f\?ﬂj'] 3 UATADIUIN Ll?ﬂ\?uup\li\iﬂglﬂﬂﬂ'J']lllﬁfl‘ﬂ']ﬂ%u
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v v o 1 Y S a A Y o 9
na lnmamezarnuvesigamluszniemsouuieaniwu luaaez il 3 wiia arenu 1dun
1. MsNAgEWIUYeUKad (Liquid bridge)
a o 3 % [ d’d 9 < Y]
managznivveuranintunalonisinizarnuvesidanaiii lnseairailuedugiu
2 o Ao ¥ A4 o A A gy 9 = Ak
(Amorphous powder) B3iagreni Inseaduiilluedugmiiio lasuanudousudgung s
= ' a = Y Y .. Yy < A
u,iﬂﬂ’nqmwgumiLﬂaﬂuuﬂmﬁm:}xﬂmﬂum (Glass transition temperature) 1an ﬂ%mﬂaﬁlu
v Y 2 Y 2 A A
A01ULINADIULAAIBUNT (Glassy state) 1JUADIULAAI81 (Rubbery state) HIUANNHUATA
Tagmmizusnumihaslasuanudougennaiuoug dawaldilotaauaunaounuisuny

HARZEYMAITMTINZAANY IR (Papadakis 1Az Bahu, 1992)
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2. MINATSWIUUDAULUN (Solid bridge)
a < 1 13 a v o a 1
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3. MIAANINEIAINUTEADYaNIA (Micromechanical Interlocking)
A [ a = A a a 9 Yo a 9 =
ieoyMIAveITagruURanNde s uTnarmIhnnms lasuusanena Fmihasiinnu
A A ds! [ g’/ A [ Aa = A a a Y A:al) A A [
VYFVILHIBRNVIAVINVY AHULDIAAMNINYANWAEMIENUINUFHIMIHIAGUNIIYUNY

1 a { @ I { 2
FENINMIPLUAS aztamamzineInuamiuoynnlngjiu'la (Papadakis 11az Bahu, 1992)
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[ 1 1 Y
gaungil 120 160 taz 200 osruvaitod Fuierhgurgivowilenanuiuaie q wamsnaasa
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Tifeunuguugiilumsnlasumlasaazadronduaznanad lusduawaasluased 2
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ey 3 NgunYlmeINy wungavglvewilgannguugilumsnlasuulasanuzadienn?
1o 1 a a a @ Y [ A =< tél Y I 1 9 =
uadmngungl lumsinanaId lussueasamsounia (@33l 4) FeFldmunuileeziing
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] I ]
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wannatzanauiouilslvaruganun 2 Fwamsneasstdlmmuiudldinanmezdanu
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Tusnduvesmsouuaaeymauilaimednuivezannsonaneenin’da  #9  Kalman
(1999) adnuIMsanniouvesingluszniumsvuneuumivzay  lduuzihmmsivua
puUMAYDIIARaRRITEHINMTILIELUUHzanN IdlosnneymaiagiansnIzunnAy
A A a o o v v ' = ~
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ms1eh 1 gauugiuazanuiuvewdlaiudilzvdiszninmssuniauunvz auigu

a

u

A3 120 160 1Az 200 DIAUFAIF A

AL uilaiudlenas
A798619 gangiiouua 120 osruaaiFod gaunglounis 160 oraHod gaunglouns 200 oaraHyd
guUNQN 3EAUALTY QUNNN sEAUALTY QUNYL 3EAUALTY
(mmmm%a) % (j;muﬁ’a) (mmmm%ﬂﬁ) % (gmuﬁlq) (mﬁwﬁa@ﬂﬁ) % (gmuﬁ’q)
S1 28.33+0.23 60.02 +1.91 28.33+0.23 60.02 +1.91 28.33+0.23 60.02 +1.91
S2 35.30+0.34 58.86 + 1.33 38.52 +0.45 58.10 £ 0.34 41.90 +0.36 58.67 +1.24
S3 3541+122 37.82+0.32 38.98 +0.78 36.69 +0.32 43.93 +0.81 34.90 £0.90
S4 35.52+0.43 34.30 £ 0.99 39.83 £ 0.55 33.00 £ 0,52 47.37 +0.42 30.42 £ 0.17
S5 36.64 + 0.96 30.93+0.32 40.52 £ 0.43 29.53 +0.23 48.03 +£0.80 27.86 + 0.85
S6 37.33 +0.57 2251 +0.57 42.43 +0.98 21.94 +1.00 49.20 + 0.40 21.03+0.20
S7 37.60+0.78 17.20 £ 0.65 43.50 +1.02 16.82 £ 0.13 51.07 +0.30 15.95+0.24
S8 38.47+0.78 12.18 £ 0.77 44.99 + 0.56 11.91 +£0.87 52.97+0.87 10.99 +£0.91




v [ v Y
m519h 2 guugil lumanldeunlasaauzadreudivewdlaindnlzndananuiua

sEAUAIAY Qmwgﬁiuﬂwizﬂéﬂuglﬂaqﬁmumé’muﬁ’a(aqmwa@aﬁ)*

% (FIUUHA) Onset Mid point End point
100.0 Not detected Not detected Not detected
60.0 Not detected Not detected Not detected
40.0 Not detected Not detected Not detected
30.0 33.94"+ 0.02 34.26" +0.01 35.79° +0.03
25.2 43.35°+0.05 44.69°+0.10 45.13%+0.13
23.1 46.07% + 0.06 47.21%+0.15 48.47°+0.12
21.3 54.71°+ 0.03 56.35°+ 0.02 59.45" + 0.04
13.0 94.52° + 0.02 97.58" + 0.02 105.32%+ 0.03
8.6 132.20% 0.05 144.70°+ 0.09 159.43%+0.11

“Values followed by the same letter are not significantly different (P>0.05)

d' a a a o Y o ) [ d' 49' 1
139N 3 qmwgﬂumimm%mm”luwﬂmmmLgﬂmumﬂwammmwma il

SERUANIAY gl lumsnanad lussuesrivaidod)*

% (FIUHI) Onset Mid point End point
100.0 66.59% + 0.01 74.49°+0.02 82.329+0.02
60.0 70.03°+0.02 81.13°+0.01 96.26° + 0.01
40.0 92.86" + 0.01 108.30° £ 0.01 120.36° + 0.02
30.0 102.89% + 0.03 117.44* £ 0.04 132.21*+0.01
25.2 Not detected Not detected Not detected
23.1 Not detected Not detected Not detected
21.3 Not detected Not detected Not detected
13.0 Not detected Not detected Not detected
8.6 Not detected Not detected Not detected

“Values followed by the same letter are not significantly different (P>0.05)
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AnD uaiudnlenda
A79619 gungiiouuia 120 ossuaaiFod gaunglounis 160 oraHod gangNoUITa 200 03T AITE
D10 D50 D90 D10 D50 D90 D10 D50 D90

S1 8.37£1.02 21.47+0.08 108.46+2.63 8.37£1.02 21.47+0.08 108.46+2.63 8.37£1.02 21.47+0.08 108.46+2.63
S2 9.83+0.89 30.44+0.32 385.99+0.34 10.36+0.23 35.37+2.98 498.01+0.49 10.77+1.32 40.21+0.68 539.13+3.81
S3 9.14+0.55 25.27+0.54 364.25+1.05 10.00+1.04 32.15+2.09 458.43+0.19 10.08+0.21 36.58+2.40 475.784+2.67
S4 9.00+0.43 25.00+0.56 342.52+0.54 9.93+1.90 29.28+1.15 413.68+0.04 9.97+0.32 35.53+1.89 467.54+4.93
S5 8.98+0.53 24.79+0.12 325.47+0.99 9.71+0.43 28.99+0.34 390.01+1.05 9.89+1.02 34.61+0.66 436.50+2.31
S6 8.76x0.56 24.32+0.17 238.43+1.98 9.70+0.45 27.63+0.45 289.16+0.44 9.96+0.98 34.03+£0.43 417.03+£2.56
S7 8.66+0.10 23.25+0.19 163.38+3.69 9.04+0.52 28.01+1.43 258.43+8.45 9.54+0.34 29.48+1.12 321.074£5.34
S8 8.42+0.11 21.28+0.42 103.33+4.26 8.98+0.98 25.25+0.37 234.21+6.36 8.75+0.56 28.86+1.11 265.10+0.34
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a @ < = Y o o v ' Y
M319N 5 szaUANUYUNaNUe NI UA L HAITEHINIMITOUUHILDUWIiE AN

AR zezANY (m) seauanuilunan* (%)
S1 0 38.15™ +0.03
S2 0.05 38.15™ +0.03
S3 0.40 38.17™ +£0.01
S4 1.80 38.16™ +0.03
S5 2.70 38.17™ £ 0.02
S6 3.80 38.16™ £ 0.03
S7 9.20 38.15™ +0.03
S8 9.70 38.17™ +£0.02

“Values followed by the same letter are not significantly different (P>0.05)

M99 6 3zAUMINARAA lusFuuo il aiud 1) uaase M I UUT AL UNIE all

fgmﬁuﬁ’méw izﬂzgmﬁu was)  seauanuilundn® (%)
S1 0 2.42" +0.01
S2 0.05 2.42" +0.01
S3 0.40 2.42" +0.01
S4 1.80 2.41"™ +0.02
S5 2.70 2.41™ +0.01
S6 3.80 2.42"™ +0.01
S7 9.20 2.41"™ +0.02
S8 9.70 2.42™ +0.01

“Values followed by the same letter are not significantly different (P>0.05)
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AN 7 5’08@8?\’31%@8‘”Wilsljmmml,ﬂ\muﬁ1ﬂ$°ﬂaQ‘I/]l,’naﬂllmﬁ il

a1y (W) Fagazanudsmevoaiiauilar (%)
0 0.48°+0.01
1 1.75° £ 0.02
2 1.75° £ 0.01
3 1.76° £ 0.02
4 1.76° £ 0.02
5 1.77° £0.02
6 1.76° £ 0.01
7 1.76° £ 0.02
8 1.76° £ 0.02
9 2.68% +0.01
10 2.69% +0.01

“Values followed by the same letter are not significantly different (P>0.05)
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AMEUAIaAaIDNAIY (Jin HAZAE, 1984: Kim HAZANE, 2001)

Y A { v v Y. g o day
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<3 EY v
Lllmlﬂﬁzﬂumﬁ 9

9 = a A v Y} ~
IDYASANULTYINY Qmwgﬂumﬂﬂaﬂuﬁmuzﬂmﬂum (@Qﬁ’llcﬁal"ﬁﬂﬁ)*

mauﬁmﬁﬂq(%)

Onset Mid point End point
0.48° + 0.01 63.60* + 0.01 65.03% + 0.02 72.48% +0.01
1.77° £0.02 63.62% +0.01 65.03* + 0.03 72.49* +0.01
2.69°+0.01 60.05° + 0.01 63.56" + 0.01 69.42° +0.01

“Values followed by the same letter are not significantly different (P>0.05)
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@omovoadia enthalpy
uila(%) Onset Mid point End point

(J/g)

0.48°+£0.01 79.48% £ 0.01 90.78% + 0.03 97.70* + 0.01 0.98%+0.02
1.77° £0.02 79.45°+0.01 90.73%+ 0.04 97.69% + 0.01 0.97%+0.03

2.69% +0.01 78.28°+0.05 89.41°+0.01 96.09°+0.01 0.73°+0.02

“Values followed by the same letter are not significantly different (P>0.05)
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