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PARAMETERS

Since a high market value of chocolate during 2011-2015 C.E. are 24,838
million baths, chocolate production process has been continuous developed in order
to reduce production cost including chocolate forming process based screw extrusion.

This research aims to improve chocolate strands forming process and to
design a screw for chocolate extrusion. There are two assumptions, 1) a temperature
decreasing process after chocolate strand components mixing are eliminated,

‘2) a designed screw is conduct chocolate strands based on paste state. The result
shown that a process of chocolate strands temperature decreasing has been remove
in which the chocolate strands forming capacity has been increased for 128%.
Additionally, the specifications of designed screw for paste state extrusion are
100 mm. of screw diameters and 28 mm. of screw channel depths in which this screw
specifications has been used to extrude Dilatant chocolate strands behavior based on
shear rate 1.7 — 9.3 s with 60 °C and screw speed 50 rpm. However, screw speed is

increased while chocolate strands diameters are decreased.
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(Chinnadurai et al., 2012)
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(Chinnadurai et al., 2012)

Chinnadurai K..; Kasiviswanathan M.; William R.G. (2012) 1avmsneasauuy
Y Y
ﬁmanﬁquj’ﬁq 3 il laun Switchgrass, Big bluestem, and Prairie cord grass NTUIIMN

. . ' < o
N13¥1 interaction effect i%“l’i”JNﬂ’JHJLﬁ’JiE]‘UEUENﬁﬂgﬂ‘ﬂQmﬁﬂuﬂﬂﬂgﬂﬁluﬂWiﬁuﬁﬂWWﬂJ@\‘]

Y v
a1a aauana 1ua15199 2.1
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v A

{ < a '
A13197 2.1 Interaction effects (P value) YBIANNITIANIUALQUNYUOATAADMTAUANIN

11919910 BINIAAN 9 (Chinnadurai et al., 2012)

e Switchgrass Big bluestem Prairie cord grass
Glucose Xylose  Combined Glucose Xylose Combined  Glucose  Xylose Combined
1 Cellulase : 1 5-glucosidase
Termp 0.2115 0.4627 0.2793 <0.0001 <0.0001 <0.0001 0.0011 0.0008  0.0040
Screw speed 1277 03122 m1752 <0.0001 <[.0001 <0.0001 17399 1.5537 0.6703
Temp+screw speed  0.4888 0.4940 0.5078 <0.0001 0.0002 <0.0001 0.7055  0.2894 07271
1 Cellulase : £ S-glucosidase
Temp <0.0001 <0.0001 <0.0001 0.0 0.0468 0.0234 0.1655 N.5518 0.5633
Screw speed <0.0001 00016 <0.0001 0.2526 0.3593 0.2526 0.9793 08417 0.9522
Tempescrew speed  0.0013 00Nz N.0765 0.3452 0.5526 0.30541 N.5521 0.6598 n.alald
1 Multienzyme: | f-glucosidase
Temp <0.0001 <0001 n.antl 0.6918 <0.0001 0.0M37 00032 <0.0000 04914
Screw speed 0412 (L0008 0112 1.75541 (.106 03020 0.0005 01499 <0000
Tempsscrew speed 00002 00109 01987 0.7897 0.0322 0.7827 0.0017 04073 <00001
~ Y < ' 9 1 A A < 3| Y
1NHN1T N 2.1 Llﬁﬂ\TGI,WLWH’J'llLll'J"lQﬂ!WQ?JﬂﬂiﬂLla3ﬂ31ﬂ!53m@ﬂﬁﬂzlﬂu@3uﬂi
a = ll A v o W A :/l (9 dy [ :j . n Y
DATSUNANTENUBINWNUYIAIAYLUDING 2 A sHswnu taziiimann Switchgrass ]’lllvlﬂll
. 1 A o o W £ Y A Aav A < = .
Interaction effects DYNUUITAIAY FINWINYUUHUDATALUALAIINLITIVDIANFY Interaction

A

effects 0819511Tod 1y NTigAde Big bluestem 196031891 1 cellulase @D1 beta-glucosidase
cﬁqdqwaﬂiwuednuwﬂ@ia Glucose, Xylose i Combined sugar recovery (ﬂﬁﬁumeW
15"]@]']?])

Chinnadurai K..; Kasiviswanathan M.; William R.G. (2012) I&iauemsinszimg

IangunNanaves auaaslumsei 2.2 Heasei 2.4

H I~ AA 1 g’ .
A15197 2.2 Nﬁﬂlﬂﬁﬂ’)?ﬂliﬂﬁﬂgllﬁ%Qﬂlﬁﬁuﬁﬁﬁ@ﬂ'ﬁﬁuﬁﬂ1wu'}ﬂ1ﬁﬂlﬂﬂ Switchgrass

(Chinnadurai et al., 2012)

Temperature, C

Screw speed, rpm 50 75 100 150 50 75 100 150 50 75 100 150
1 cellulase: 1 B-glucosidase 1 cellulase 14 S-glucosidase 1 multienzyme: | B-glucosidase
(ilucose
100 251" 217 186° 21.9° 3067 3145 228" 277 76 125¢ 100 1.2
150 2377 297 185 19.6° 2489 332" 219" 2657 113 133" 105 11,70
200 NA 273" 251° 28.8° NA 387" 273 292% NA 197 104 14
J(y]mc
100 193% 203" 1597 21.0° 167 199° 133 172 25 3.2 42 69"
150 199° 229" 7.2 16.6° 13 aga™  azet 1g3 1.5° 847 5.0° G6.5"
200 NA 209" 221° 24.0° NA 182" 172% 182" NA 8.4 75" 31"
Combined
100 204° 1900 157 19.4° 232% 247" 174 17 53 wayx g
150 199 242" 1617 16.57 189 249" 179t 207 80" 10.4° 7 8.t
200 NA 2217 215 241" NA 282" 17 2 NA 140 &7 g.3%
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=S

4 <3 1 A o <3 . .
ﬂ']ﬂﬁTﬁ'Nﬁ 2.2 meGlﬁlmu31’qmﬁguaﬂimmzﬂ’nmmiﬂummﬁﬂgﬁ Interaction

[ A g} o Av A A o Y [
effects ADNITAUTNINVDIUING T%m”lﬂqmﬁﬂmmﬂm 75°C Llﬁﬂﬁsl‘ﬂmu’ﬂﬂﬁﬂﬁ

U

A oy . d? 93 Yo K =K < a
ﬂuﬁmwmmmmaiu Switchgrass gIvU IﬂEJENulﬂJvlﬂﬂ'luxmxiﬂ?'ml‘i’)if)‘iﬁllﬂiﬁﬂz SIEERI
. A { <
Glucose, Xylose it Combined sugar recovery i’JﬁJ’ﬂgﬁ 38.7, 18.2 uae 28.2% NANuGITOU
ang 200 50URDUITA AWE WD e 19 1 cellulase AD 4 beta-glucosidase
A <3 Ada A g} .
f1319N 2.3 HWANTENUUDIANULTITANFLUASYUUYNNUADNITAUTNINUINIAVD Big bluestem

(Chinnadurai et al., 2012)

Temperature, "C

Screw speed. rpm 100 150 200 100 150 200 100 150 200
1 cellulase: 1 f3-glucosidase 1 cellulase: 4 -glucnsidase 1 multienzyme : 1 f-plucosidase

Glucuse

100 17.8° 330 469" 31.2° 43.3"° 533" 17.5° 174" 18.2°

150 257 346 42.6" nre 453" 472 17.6° 177 17.3°

200 33.9° 13.2% 182° 37.1% 57.5° 5.3 17.1° 186° 185"
Kylose

100 9.6° 10.7° a2’ 167" 56.2% &y EXES 4 222¢

150 10.3* 18.07 32" 55 21t 57.8% 57.5° 54" g9’ 194"

200 16.87 28.1° 37.4° 50.9% 662 §3.3° 6.8% 163 268"

S /- R bined sugBF G

100 15.0¢ 25.6° 40.8” 3 44.65° 51.4% 13.3" 1328 18.9°

150 20.4¢ 13.8° 178" 43 4%~ 457 465" 136" 147% 175

200 278 369" 29" 387 57.6° 5327 139" 175" 204°

= vy 1w aw a < £ o 99
INAITINN 2.3 LLﬁﬂQi’HLﬁu'ﬂﬂ'IQil!W{]3J@ﬂﬁﬂlla3ﬂ'J”IiJLﬁ'Ji’E]TJ"U'ﬂQﬁﬂEQ’Q"UMVI"Ilﬂ
- £ v =
13178 Glucose, Xylose t4ai¥ Combined sugar recovery Tu Big bluestem qwumu"lﬂmﬂ Tawil
1 F4 v
ﬂimwmﬂmwuﬁuqqqmgﬁ Glucose (57.5%), Xylose (66.2%) Lt Combined sugar recovery
a A

o [ { Ny < ' ]
(57.5%) Tasfmuadnilshguugiionsan 150 °C uwagA53501 200 soUADUIT 10149

9n3189U 1 cellulase A0 4 beta-glucosidase



30

1 A

1 <3 A g’ .
A15197 2.4 waﬂizwmmmwmmﬁﬂguasQmwguﬁﬁﬁamiﬂuﬁmwmmamm Prairie cord

grass (Chinnadurai et al., 2012)

Temperarure, 'C

Screw speed, rpm 100 150 200 100 150 200 100 150 200
1 cellulase: 1 S-glucosidase 1 cellulase: 1 B-glucosidase 1 multienzyme: 1 -glucosidase

Glucose

100 .7 %3 24,41 1240 32" 36.7° 16.37 2027 17.5°"

150 315" 2097 25601 111 392" 213 228" 195 19.1°°

200 2967 2227 253" 373" A 29.1° 23.9° 21.1% 18.8%
Xylose

100 121 79" 121% 135" 139 16.4° 22 3.0" 74"

150 1.9 7.3 15.6° 492" 50.0° 336" 2% 27" 6.6"

200 9.3 33 14.9° 448" 431° 403" 2,55 38" Rl

Combined sngar

100 256" 188" 210 1@ g 41.2° 12,3 15.3 14.8°

150 28.0° 17.3° 23,1 446" 445 240" 17.0° 14.7% 15.7%

200 2397 183 218 39.9°  357° 318 17.67 16.2° 15.8%

MNA1399 2.4 uﬁm1ﬁ;ﬁuﬁ1ﬂ?u1mmﬁgﬁluﬁuqqqm@:ﬁ Glucose (41.1%), Xylose
(49.2%) 1182 Combined sugar recovery (44.56%) Lﬁaﬁwmﬁﬁmuﬂﬁmﬂ3ﬁqmﬁgﬁ§@’§ﬂﬁ 100
‘C uarANWIITOY 150 30 UADUIN MUEIRY taz1¥8aT1aIU 1 cellulase A0 4 beta-
glucosidase

1@® Chinnadurai K..; Kasiviswanathan M.; William R.G. (2012) mmiaﬁqﬂmimam
IR ufleiuanuisiseuvesangozdanai iy Glucose, Xylose uag Combined sugar
recovery qqﬁuiuﬂiﬁmm Switchgrass 1182 Big bluestem #3uAnA1991nlunsdiveq Prairic

cord grass
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MIANEINGANTIUMS Iaazauautanenavesidandenuraiugn
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(rpm)
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50 30
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Probability Plot of Diameter (mm.)
Normal - 95% CI
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61915 Taol9 1151051 Minitab #2835 One-way ANOVA Taggairiniinaaosd 3 szau laun

50, 55 1Ag 60 BIAIATYE (C°) Aduandlun1519N 4.8

A1519% 4.8 S%ﬁﬂﬂl’t)ﬂqmﬁ{]ﬁ (Temperature) NAAD

Factor Levels Values

Temperature (C°) 3 50, 55, 60

H a 1 J
A15197 4.9 Waﬂ'li'ﬁ']Wﬁﬂ§$ﬂﬂmﬂﬂqmﬁﬂuuﬂ@qlu’]ﬂlﬁum1uﬂu€lﬂﬁ1\1!&ju

Source DF Adj SS Adj MS F-Value P-Value
Temperature (C°) 2 0.004721 0.002360 0.71 0.491
Error 141 0.466102 0.003306

Total 143 0.470823
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o Y
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NMIMANVTUNUTA8ITNIT One-way ANOVA TANIND 0.491 FININNI1 0.05 910UU
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Interval Plot of Diameter (mm.) vs Temperature (C°)
95% CI for the Mean
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Factor Levels Values

Screw speed (rpm) 3 40, 50, 60




70

{ < 1 [l J
@I’li']\i‘ﬁ 4.11 Wfﬂﬂ’li'ﬁ']Wﬁﬂﬁ51’]‘]_]61]@\”]'3']11&3'35ﬂﬂﬁﬂzﬁ@"“‘lﬂﬂlﬁ}uW']Ufjfllflﬂﬁ%ﬂ’&%ju

Source DF Adj SS Adj MS F-Value P-Value
Screw speed 2 0.005932 0.002966 0.90 0.409
Error 141 0.464891 0.003297

Total 143 0.470823

{ < 1 Aa < gzl [ [

91113199 4.11 naaaliiudnlSinannusisevangna 3 szdulumsnaaesdaia
qsal ) Yy [ 9 ] 4 J 1 A v o W d' [
i i ldmasevinaduriugudnarududon Tnuan gasnruguedisiisdidg iegaina
P-Value 1AM IMANUTURUTAI8ITNT One-way ANOVA A1 0.409 Fau1nndn 0.05

0911 Y o [ d‘
9101 1811115919 Interval Plot aatiaraslugilil 4.16
~ Y I 1 < A 9 9 [ 4
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Interval Plot of Diameter (mm.) vs Screw Speed (rpm)
95% CI for the Mean
197 —7 7 - > N\
196 1
|

'E 195 T __
E
o 194
o
£
[°}
B 193 —

192 1

191

40 50 60
Screw Speed (rpm)

] 4 <
Eﬂqﬁ 4.16 Interval Plot GUENGllu']ﬂlﬁuW1uﬂuﬂﬂa1\ula$ﬂj’lulijﬁ@Uﬁﬂgmﬂaﬂ\‘]



71
09: = Y o = 1 Y 1 4 <
niniu 39l dvmansznuvesanyuz luliadevinaduriugudnasion Tnuangas
a <3 [
AIUANAIBITNIT One-way ANOVA Taga1u52150UaNg (Screw speed) NAADIT 2 52A

Taun Tutiauuuian (1) wazludauuu Tyl @) saaaaluaisian 4.12

{ @ 3
m’iﬁﬁ 4.12 IEAVVDINNNLIITOUANINAADY

Factor Levels Values

anvazluiia 2 1,2

{ < 1 [l J
@]’li']\i‘ﬁ 4.13 Nam’imwaﬂﬁwummmmw’ﬁauﬁﬂgﬂ’a"uum&%}umuﬁummmﬁu

Source DF Adj SS Adj MS F-Value P-Value
anvaeluila 1 0.006467 0.006467 1.98 0.162
Error 142 0.464356 0.003270

Total 143 0.470823

2

= Y < a N o v o o W Y
NATNN 4.12 !lﬁﬂ\ﬂﬁlwu31ﬁﬂym$1ﬂﬂﬂcﬂﬁ 2 5$ﬂU1Uﬂ15ﬂﬂa@\3@ﬂﬁﬂuu lluulﬂll
1 ] -4 < 1 v o W 4 1
Waﬁﬁ]“llu'lﬂl/gfjuW']ufjfu'?lﬂa'mlﬁu‘]f@ﬂiﬂl!aﬂq@iﬂ?ﬂﬂuﬂﬂ']\iﬁuaﬁ1ﬂmu lﬁ@\iﬂ']ﬂﬂ'] P-Value
o Y

1 k4
NMIMANVTUWUTAIBITNT One-way ANOVA UAUNIND 0.162 FIu1NI1 0.05 110UU

1851115219 Interval Plot fatiaaslugda 4.17
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Interval Plot of Diameter (mm.) vs
95% CI for the Mean
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Factor Type Levels Values

STHE Fixed 2 1,2
Screw Speed (rpm) Fixed 3 40, 50, 60
Temperature (C°) Fixed 3 50, 55, 60
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Source DF AdjSS AdjMS F-Value P-Value
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Abstract. Based on innovation and competitive market for food industry, there are several
food products which have been designed to attract customer. Since there is USD 39,431
millions of chocolate sales in 2018, USA [1], chocolate product shapes have been developed
based on manufacturing process. This paper presents a review process of a machine design of
chocolate extrusion based co-rotating twin screw extruder. A property of suitable chocolate for
extruder was established. The pros and cons of machine extruder for food processing including,
a screw extruder design were exposed. Since there were problems in the chocolate extruder, the
process parameters such as barrel temperatures, feed rate, screw speed, motor load and melt
pressure were established. These parameters would be applied to design screw extruder for
chocolate processing.

L. Introduction

Several new technologies or innovations have been introduced in order to increase productivity while
reducing production cost. There are several areas in food industry that have high competition. such as.
the chocolate market which has market of USD 39,431 millions of chocolate sales in 2018 in USA
with consumers ranging from children to adults [1]. Therefore, many technologies have been applied
to increase productivity of chocolate production while enraging flavors and various shapes. Since the
properties of chocolate are melted in normal temperature, flowed in a container and changed viscosity
depending on the temperature, chocolate is processed via many production processes such as
extrusion, printing, and so on. However, there are several problems during extrusion process such as
low produetivity rates, product waste and improper extrusion temperature affect to increase production
costs. Therefore. the chocolate extrusion is processed with the screw extruder in order to reduce those
problems. and the screw extruder has been applied to control various factors including high flexibility.
This paper presented a review process of a machine design of chocolate extrusion based co-rotating
twin screw extruder.

2. Chocolate

Chocolate is composed of nonfat particles (sugar, cocoa solids, and milk powder particles) dispersed
in cocoa butier as a continuous phase [2]. The flow properties to control the quality of chocolate
product of a chocolate flow is an important parameter since too low viscosity will cause the weight of
the chocolate over the enrobed candy will also be too low. However, if it is too high. then bubbles
may be formed and put chocolate. Moreover, the different chocolate viscosity provides distinguished

@m ) |Content from this work may be used under the temms of the Creative Commons Attribution 3.0 licence. Any further distrbution
= ¥ of this work must maintain attribation to the author(s) and the title of the work, joumal citation and DOLL
Published under licence by [OP Publishing Ltd 1
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flavor, that can be detected by consumers. The perceived taste is related to the viscosity and rate of
melt. Therefore, the flavor of chocolate is different between stored in the refrigerator or in a room
temperature [3]. Therefore, the designs of the machine to process chocolate are important to control
the parameters that affect the flow and viscosity of chocolate. Those factors affect the chocolate
extrusion process because they are involved in melting, as well as extrusion through the die.

3. Extrusion processing in food industrial

The extrusion processing for the food industry has been wildly used in production process since it
provides a variety of food shapes. The products vary depending on the ingredients and the condition of
the control. The Machine, called Extruder, has been incorporated with various processes. The extruder
mechanism 1s to blend raw materials and ingredients (feed or transport section) under pressure and
heat conditions to shape or meter the section from compression, and to push the product out to die.
Extrusion technology has been introduced to shape a variety of food productions because there are
many advantages such as saving energy, reducing labor and production costs, flexibility for several
raw materials. ability for mixing ingredient, and saving space for tool installation. Those properties
can also improve the quality of products as needed [4].

4. Screw extruder design

Hot-melt extrusion equipment consists of an extruder, auxiliary equipment for the extruder,
downstream processing equipment, and other monitoring tools used for performance and product
quality evaluation [5]. The extruder is typically composed of a feeding hopper, barrels, single or twin
screws. and the die and screw—driving unit (figure 1). The auxiliary equipment for the extruder mainly
consists of a heating/cooling device for the barrels, a conveyer belt to cool down the product and a
solvent delivery pump. The monitoring devices on the equipment include temperature gauges, a
screw-speed controller, an extrusion torque monitor and pressure gauges.

Toput for Barrel
A ture
Feating R
hopper
Heating barvels l %_ &

/

N

Serew driving unit

Figure 1. Micro-18 Twin screw co-rotating Leistritz extruder[6]

The theoretical approach to understanding the melt extrusion process is generally presented by
dividing the process flows into four sections, as follows [7]: 1) Feeding of the extruder, 2) Conveying
of mass (mixing and reduction of particle size). 3) Flow through the die, 4) Exit from the die and
down-stream processing. Generally, the extruder consists of one or two rotating screw inside a
stationary cylindrical barrel. The barrel is often manufactured in sections, which are bolted or clamped
together. An end-plate die, connected to the end of the barrel determines the shape of the extruded
product shown in figure 1 and figure 2.
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The heat that is generated from friction force is required to melt or tuse the material. This force is a
shear force occurring between the rotating screws and the wall of the barrel that is mounted with
electric or liquid heaters [8]. Most commercial extruders have a modular design, providing a choice of
screws or interchangeable sections which modify the configuration of the feed. transition, and
metering zones. The modular design has been introduced 1o meet special process requirements, such
as, increase high shear extrusion, addition more solvent and enlarge evaporate solvent from raw
material. Moditving screw designs also allow the extruder to perform a mixing and reduction of
particle size in addition to extrusion, so that material can be blended into the extrudate or even
dissolved, as shown in figure 3.

Mhoter drive,

Figure 4. Component parts of single —screw Figure 5. Extrusion screw geometry [6]
extruder [6]

The serew and die design was available, and a practical considerations of thermoplastic extrusion
were reviewed by Whelan and Dunning [9]. The extrusion channels were conventionally divided into
three sections: feed zone, transition zone, and metering zone, as shown in figure 4. The starting
material was fed from a hopper directly into the feed section, which has deeper flights or flights of
greater pitch, as shown in figure 5. This geometry enabled the feed material to fall easily into the
screw for conveying along the barrel. The pitch and helix angle determined the throughput at a
constant rotation speed of the screws. The material was transported as a solid plug to the transition
zone where it was mixed, compressed. melted and plasticized. Compression was developed info two
types: (1) decreasing the thread pitch while keeping a constant flight depth, and (2) decreasing flight
depth but keeping a constant thread pitch [10]. Both types resulted in increasing pressure as the
material moved along the barrel. The melt conveved by circulation in a helical path by means of
transverse flow, drag flow, pressure flow and leakage; the latter two mechanisms reversed the flow of
material along the barrel. The space between screw diameter and width of the barrel 1s normally in the
range of 0.1-0.2 mm [8]. The material reaches the metering zone in the form of a homogeneous plastic
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melt suitable for extrusion. To extrude a uniform part thickness, flow must be consistent without
stagnant zones right up to the die entrance. The function of the metering zone is to eliminate pulsating
flow and ensure a uniform delivery rate through the die cavity [7].

5. Twin screw extrusion

The twin-screw extruder has two agitator assemblies mounted on parallel shafis. These shafts are
driven through a splitter/reducer gearbox and rotate together in the same direction of rotation (co-
rotating) or in the opposite direction (counter rolating) and are often fully intermeshing. In such case,
the agitator element wipes both the surface of the corresponding element on the adjacent shaft, and the
internal surfaces of the mixing chamber and ensures a narrow and well-defined residence time
distribution. In general. co-rotating shafis have better mixing capabilitics as the surfaces of the screws
move towards each other. This leads to a sharp change in mass flow between the screw surfaces [7].
As the screws rotate, the flight of one screw element wipes the flank of the adjacent screw. causing
material to transfer from one screw to the other. In this manner the material is transported along the
extruder barrel. The twin-screw extruder was characterized by the following descriptive features [8]:
1) Short residence time: The residence time in the twin-screw extruder in a typical extrusion processes
ranges from 5-10 minutes depending on the feed rate and screw speed. 2) Self-wiping screw profile:
The self-wiping screw profile is the flight of the one screw wipes the root of the screw on the shaft
next to it. ensures near complete emptying of the equipment and minimizes product wastage on
shutdown, 3) Minimum inventory: Continuous operation of the equipment coupled with the
continuous feeding of the material helps in reducing inventories of work in progress. This is important
when processing valuable or potentially hazardous materials. 4) Versatility: Operating parameters can
be changed easily and continuously to change extrusion rate or mixing action. The segmented screw
elements allow agitator designs to be casily optimized to suit a particular application. Die plates can
also be casily exchanged to alter the extrudate diameter. This allows processing of many different
formulations on a single machine, leading to good equipment utilization. Polymers with a wide range
of viscoelastic and melt viscosities may be processed and even fine powders may be directly fed into
the system. 5) Superior mixing: The screws have various mixing elements which impart two types of
mixing, distributive mixing and dispersive mixing. The distributive mixing ideally maximizes the
division and recombine the material while minimizing energy. The dispersive mixing ideally breaks
droplet or solid domains to fine morphologies using cnergy at or slightly above the threshold level
needed. This mixing aids in efficient compounding of two or more materials in the twin-screw
extruder.

Typical twin-screw laboratory scale machines have a diameter of 16-18 mm and length of four to
ten times the diameter. Atypical throughput for this type of cquipment is 0.5- 5 gm/min. As the
residence time in the extruder is rather short and the temperature of all the barrels are independent and
can be accurately controlled from low temperatures (30-C) to high temperatures (300:C), degradation
by heat can be minimized [8]. Extrusion processing requires close monitoring and understanding the
various parameters: viscosity and variation of viscosity with shear rate and temperature. clasticity and
extensional flow over hot metal surfaces. Today. extruders allow in-process monitoring and control of
parameters, such as the temperature in the extruder, head and dic as well as pressure in extruder and
die[11].

6. Extrusion parameters

The main monitoring and controlling parameters are barrel temperatures, feed rate, screw speed, motor
load and melt pressure. Barrel temperature, feed rate and screw speed are controlling parameters and
motor load and melt pressure are monitoring parameters. 1) Barrel temperatures: The glass transition
or melting temperatures of polymers and drug usually determines the barrel temperature, 2) Feed rate
and screw speed. The constant feeding rate and screw speed throughout the process is important as the
combination of these two factors establishes the level of fill in extruder. This is critical to the process,
because it governs the balance between the weak and strong mass transfer mode [8]. Due to constant
feed rate and screw speed, there will be a constant amount of material in the extruder and thus the
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shear stress and residence time applied to material remains constant, 3) The motor load and melt
pressure: These parameters depend on feed rate and screw speed. With constant feed rate and screw
speed these parameters depend upon the molecular weight of polymer and drug as well as polymer
miscibility in binary mixtures [7].

7. Co-rotating and counter rotating twin screw

Since there are varieties of raw materials to mix into chocolates, the co-rotating twin screw extruders
has been interesting to investigate in order to improve chocolate extruder machine. The twin screw
extruder has been classified into two types as following [12]:1. Based on screw rotation direction: co-
rotating and counter-rotating, as shown in figure 6. 2. Based on degree of meshing: non overlap (non-
intermeshing) and overlaps which are a partially intermeshing and a fully intermeshing as shown in
figure 7.

The range of twin screw extruder operation is during low speed (10-40 rpm) to high speed (200-
500 rpm). In most industries. counter-rotating twin screw extruders are preferred because they have
better conveying performance than co-rotating twin screw extruders as well as counter-rotating twin
screw extruders and the heat generated by the shear is less [12].

Corotating Screws Countermotating Screws

Figure 6. Screw rotation direction, co-rotating screw and counter-rotating [6]

Figure 7.The amount of overlap between the screws in the twin-screw extruder [6]

Twin serew extruder offers advantages over single screw extruder in that it does not require a drag
force to push the material. Less shear results in less shear heat. more efficient mixing and less
flexibility for low speed applications [6]. A comparison of screw parameters was concluded as table 1.
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Table 1.A review of investigating screw paramelers.

Screw parameters

Single Twin

Researchers Year i 3 Ram Material
SCTEW b(;ue;v e Screw speed R
extruder  extruder
Milivoje M. Kostic[14] 2006 :S‘f'gn - F - -
Vivar-Vera [15] 2008 y - . 40-60rpm 40- 80°C
HesamAnvariArdakani [16] 2014 - - - - 30- 50°C
solving
Chris Rauwendaal [1] 2015  extrusion = - 50 rpm 50 - 100°C
problems

8. Screw extrusion problems

Although there are several benefits of serew extrusion e.g. available for many chocolate formulas,
flexible for process parameters and suitable for continuous process, there are many extrusion problems
such as shape accuracy, appearance problems, functional product properties, high melt temperature,
high motor load, wear of screw andfor barrel. Moreover, process problems had been mentioned [1]
such as low yield productivity, and products defected, as shown in figure 8. A non-appropriate
extrusion temperature affects to product surface that increases production cost, as shown in Figure
8(a), and to chocolate state that construets un-uniform chocolate line, as shown in figure 8(b).

-

(a) The cracks surface (b) Un-uniformchocolate line
Figure 8. Defective product [13]

9. Future experimental design

Based on the literature reviews, the temperature and serew speed parameters affected the product
shape and flaw. However, there were a few studies on twin screw condition. In order to improve
product development, the co-rotating twin screw extrusion will be investigated as a future work to
determine suitable conditions such as screw speed and appropriate temperature for extrusion
process. The co-rotating twin screw for chocolate extruder will be conducted based on two parameters
that are screw speed and temperature in barrel. Then, the width of the extruded chocolate lines and the
error between extruded chocolate and nozzle diameter will be measured as the results in which the
design tolerance will be controlled with in + 0.1 millimeters.

10. Conclusion

Serew extrusion is widely used in the food industry e.g. pasta and dessert. One of the desserts with
high market value is chocolate, in which chocolate is also capable of melting and extrusion. The
extruder also has many problems in the manufacturing process, such as low productivity and defective
products. As a result, the extruder design has been investigated to improve process efficiency and
reduce the production problems that occurred during extrusion process. The co-rotating twin-screw
extruder has been redesigned in order to reduce product flaws while increase productivity. Since co-
rotating twin-screw composes of feeder clement, transition element and metering element, the
advantages of co-rotating twin-screw are well mix chocolate paste and good conveying performance
of paste products. However, the process parameters of co-rotating twin-screw chocolate extrusion
should be investigated in order to minimize screw extrusion problems as a future work.
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Abstract

The screw extrusion process is & continuous process used in the forming industry, including the chocolate
forming industry. Chocolate has physical properties such as viscosity and shear stress. Thus, chocelate able to flow
through the screw and meld well. In addition, screw is used in the production of chocolate strands extrusion
process. The purpose of this research is calculate the screw channel depth by viscosity and shear stress
measurernent in order to design the screw shape in the extrusion of chocolate for able to form products as desired.
The initial warizble is ternperature. Define dependent variables are viscosity and shear stress. Then calculate and
design the suitable screw channel depth for extrude chocelate according to the contrelled ingredient ratic. In the
experiment, foundthat serew channel depth scale for extrude this checolate formula. In addition, found that screws
channel depth inversely proportional with temperature of chocelate. Thus, experiment results leads to design
screw and extrusion process for reduction of product waste and machine damage risking.

Keywords : Chocolate, Flow properties, Flow properties measurement, Screw extrusion, Screw extrusion design
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