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Abbreviation

Blomas Energy Research and Developuent Center
Bottom
Concentration or Concentrated
Ist water

2nd water
Distribution
Distilled water
Equipment

Et‘hyi Alcehol
Figure

hour, hours

Liter

Low pressure stean
Maximum

minute or minutes
Kormal

Over head

Plant aiv

Pressure

Quantity

rotation per minute
Solution

Standard

ton

Table

Teaperature

Tank

Test Tube

versus



1. Material Balance






i~1 Raw Materials and Product






1-1 Raw Materials and Product

1-1-1 Standard Consumption of Raw Materials for Ethyl Alcohol Fermentation

Ordinarily, one fermentor (120 kl) is made to start its rum every
day.

Tab, 1-1-1 Raw Materials Consumption in a day (in a batch)

- Raw Haterial Consurption Rate kg/day

Cassava % 50000 kgfday (14250 kg as Glucose)
a-Amylase 15.5 kg/day

Gluco Amylase - - 9.3 kg/day

Urea.(Nﬂi)zCO 14 kglday

Ammonium Phosphate

 Momo Basic (NH,)H_PO 15  kgfday
Hy JH,PO, _
Sulfuric Acid Reagent of pH adjustment fox
H2304 : Saccharifying

% Cassava is weighed after peeled and washed. And the figure of
14250 kg as Glucose is calculated from the supposition that

cassava contains 28.5 ZW/W starch as glucose.



1-1-2 Standard Material Balance of 95 zv/v Ecthyl ‘Alcohol Production

Cassava 14250 kg'as-CIucose
Glucose soluLion
95000 kg (15% W/W as Glucose)

14250 kg as Clucose

92000 kg Seed 3000 kg
Hater"1006 kg
Steam 200 kg

Ferzentor <

€O, Gas < 96200 kg (14.84 W/H as Glucose)
5700 kg 14250 kg as Glucose
] L L '

Broth 90500 kg (6.85 Z W/®W EtOH)

6190 kg EtOH
- . - + +* . .

(14250 x 0.511 x 0.85 ) + theoretical pain
Slﬁdge - 1+ fermentation gain

200 kg | -
Braoth 90300 kg

6170 kg EtOH

3
Distillation

Evod 6050 kg
l (6170 x 0.9;) + distillation gain
95% Vv/v EtoH 8010 1
(6050 x ——— x —X )

0.924% o.817'F

+, 4+ 95 ZV/V EtOH has 92.4 ZIW/W and 0.817
Specific gravity at 15°C,



1-2  Water






1-2 Water

1-2-1 List of Main Equipment using lst Water

Specifications'of the supply of lst water are below

" Quan.: 80 tons f hr. 1920 tons [/ day
Temp.: 28 °C (Max.)
Tab. 1-2-1
Name of Max. Consump- | Tetal
Equipment Egmi ent tion Rate Consumption
A - Bqulpm tons/hr. tons/day

Crusher K-107,108(A,EB) 2 30 (2x15)
Medium Cool_e'r-Z E-102 60 540 (60x9)
Seed TK D-201 (A,B) 20 {10x2) 360 (20x18)
Fermentor D-202(A,B,C,D) 40 (10x4) 840 (40x?1)
Screen Filter K202 5 15 (5x3)
Boiler K-401 3 39




1-2-2 List of Main Equipment using 2ad Water
specifications of the supply of 2nd water are below
Quan.: 120 tons/hr. ‘Recovery of kst water s 89.6%.
Temp.: 32°C (Hax;) .

Tab. 1-2-2

Name Bf Haxf consump- Téfal

Equipzent Equipment tion Rate Consumpticn

_ tons/hr. tonsfday
caee T Tk 1 2 | 30 @as
Sacéharifyiné'TK p-103 - 65 535 t65x9)
Medium Cobler—l VELIOi 265 396.(65;6j
OVHD Condeaser-1° E-302 | 16 _ 384 '(.16x‘24;)
VEXT Condenser-2 E-303 ] 24 (11(24);
‘Product @bler 7 E-30% 2 48 (2x24) .
Fusel Cooler E-305 S 24 (1x24)
Generator _. - . 20 480 (20x24)

-10-



1-3 Steam
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1-3 Stean .
SpeCificationé of the supply of steam are below
Quan.: Max, 3 tons/hr,
Total 39 tonsfday
Pres.t 4 kg/cm2
| Temp::  150°C
List of Hbin_Equipment usiﬁg stean

Tab, 1-3-1
Name of Hax. Consump- Total
Equipment Fauibment tion Rate Consumption
quip tonsfhr, . tonsfday
Cooking TK p-102 2 18 (2x9)
Seed TK D-201 (A,B) 0.2 0.2 {0.7x1)
Mash Column c-301 0.825 19.8 (0.825x24)

In some cases, the fermentors, the saccharifying tank and the related
lines are washed and sterilized with steam. And the air filters are

usuvally sterilized with stéam once a week, concomitantly with seed tank

medium sterilization.
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1-4 Electricity
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1-4 Electfiéitg

Specifications of the supply of eleétricity are below
312 K¢

Load

Distri,:

: Connection Load

Operation Load Max, 275 KW

Min.

380V, 3, 4 W

165 KW

List of Main Equipment using électricity

. Tabn - 1"4"

X T e

i
] . Rame of Power Consﬁ Na;g of Power Ceclisw
: *é Equipment Bquipmenf. mption K Equipaent Equipment |mption kW
;cassavé Hilk Pit | D-101 3.7 g |Pump P-301 2.2
jCooking TK - B-102 15.0 E [Purp p-302 1.5
saccharifying TK | p-103 11.0 EE%Pump p-303 1.5
_ Belt-Conveyer-1 ] k-101 2.2 ?:L‘Pu'np p-304 2.2
@ [se1t-Conveyer-2 | x-102 3.7 Mpump { p-305 2.2
! g Peeler ! k-103 5.5 fAir Compressor l k-402 30.0
' uiﬂasher | k-204 5.5 ibehumidifier | x-403 1.2
g gelt-Conveyer-3 j k-105 5.% 5>_kxxning Tower k-404 3.7
§ Conveyer Scale | k-106 2.2 %E&!Pump p-401 A 22.0
#lcrusher-1 | x-102 22,0 id feunp p-401 B 22.0
» lccusher-2 a k-108 A 15.0 5§3Epump p-402 A 22.0
Crusher-2 B | kx-108 B 15.0 ;EigFump p-402 B 2.0
Pump i p-—lbl 5.5 2 ‘P‘ump p-403 2.2
Pump p-102 5.5 IPump p-404 A 0.3
Seed TK-A D-201 A 5.5 ‘Pump p-404 B 0.3
Séed TK-B i D-201 B 5.5 !
- Fermentor a i D-202 A 5.5 _
YIPermentor B | D-202 B 5.5 '
E Fermentor C } DB-202 C 5.5
§|Fermentor D ! D-202 D 5.5
§ Screen Filter | k-202 5.9
lé Belt-Conveyer-4 a k-203 ; 1.5 :
§ Pump é p-200 . 2.2
Pump { p-202 : 5.5
Pusp ip203 I S5 .
Pump ; p-204 | 2.2

~-17-







1-5 Plant Air
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1-5

Plant Air

Quan. :
Pres.:

Tenmp, !

4 kg/enm?

35 °C

Specifidationé of the supply of Plant air are below
4000 Nl/min.,

List of Main Equipment using Plaat Air

Tab. 1-5-1
Equipmént game of. Consumption Rate
‘ quipment Nl /min.
Seed TK D-201 A 400
Seed TK beOI B 400
Feraentor D-202 A 1000
'Fermenfop - D202 B 1000
Fexaentor p-202 C 1000
Féraentor - p-202 D 1400

Control system of plant

-21-
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2-1 List of Main Equipment
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2-1 List of Main Equipment

2—1-1 Prétreatment Procass

Tab, 2~1-~1
Equipnent | RO St | Taseapien | Capacity
Ecasséva-?it | p-101 N Y 20 @3
QCookiﬁg Tank D-102 3 35 m3
_‘:Saccﬁéi’ifyiné Tank'| D-103 1 35 m3
Hediun Cooler-1 E-101 1 120 w3
‘Medium Coolep-2 E-102 1 90 m3
EBeltiCthéye}—l K-101 1 10 t/nhr
;Beltiédnvéyef;z K-102 1 10 t/hr
_peelér K~103 1 10  t/hr
‘Washer K-104 1 10 t/hr
‘melt:Conveyer-3 K-105 1 10 t/hr
Automatic K-106 1 10 t/hr
Conveyer_Scale :
‘Crus.hér-—l K-107 1 10 t/hx
ZCrﬁ;her—Z- K-108 L 5 t/hr
Crusher-2 K-108 1 5 t/hrx
Fofklift Truck K-109 1 1.5 ¢t
Balan(;e | K=110 1 Spring type 200kg
Cassava Pump P-101 1 15 n¥hr
Hedium:Pump P-102 1 15 m3Mr

~27-




2-1-2 Permentation Process

Tab. 2-1-~2

Equipment Faniment | faneeriog | Capacity N
Seed Tank -D4201:A | ' il 6.5  m$ |
Seed Tank 0-201 B 3 6.5 m3
Main Fermentor D-202 A 1 120 m3‘
Main Fermentor . D-202 B 1 120 m3
Main Fermentor D202 C 1 120 1l
Main Fermentox D-202 D 1 120 mS
Broth Pit p-203 1 13 m3
Broth Tank D-204’ 1 120 m3

CAir Filter K-201 A ._1 0.4 3
Air Filter K-201 B 1 0.4 m3
Screen Filter K-202 1 30 mjfhr
Belt-Conveyer-4 k-203 i ‘500 ké]hf
Seed Pump P-201 1 10 m3/hr
Main Fermentor Pump | P-202 1 30 w3/hr
Broth Pump P-203 1 36 m3/hr
Feed Pump P-204. 1 s m3/hr

-28-



2.1-3 bpistillation Process

Tab, 2-1-3 B
“Bquipnent Eomiomont | inataires | Copacity
Hasﬁ Cblhﬁn"i ‘C~3al 1
concentration Column Cc-302 1
Fusel Decanter D-301 1 0.05 m3
FuSel 0il Tank D-302 1 1 3
ﬁaste water Tank D-303 1 120 m3
?oam Brééker D-304 1 0.13 m3
AlcOhéiiChéCkiﬁg‘Tahk p-305 1 4 m3
benatﬁﬁaht FPank D-306 . 1 0.15 m3
Fusel Cooler E-305 1 0.5 m3
Coﬁc; C§1umn . E-302 1 25 w3
OVHD Condenser
conc. é&iﬁmn | E-303 1 0.5 3
Vent Condenser
product Cooler E-304 1 4 3
Fusel Cooler E-305 1 0.5 m3
Mash Column BTM Pump P-3061 1 5 m3/hr
Conc. Column BTH Pump| P-302 1 2 m3/hr
!Transfer Pump P-303 1 5 m3/hr
Product Pump .P~304 1 10 m3/hx
Waste RWatexr Pump P-305 ) 3 5 m3/hr
Alcohol Storage Tank T-301 1 100 m3

-29-




2-1-4 Utility Supply
“Tab, 2-1-4
Bquipment ggggpﬁght nataried| Capacity
Sedimentation pit D-401 1
lst Water Pit ' D-402 1
2nd Water Pit p-403 1 | o
Boiler K-401 1 3.0 t/hr
Air éompressor K-402 1 250_7 Nm3/h1’
Dehunidifier K-403 1 50 ij3/h‘rrl
Cooling Tower K-404 1 100 ﬁj)hr _
Fire Extinguisher K-405 32 ABC~iQUTYPei25P
: ' ABC-=50 Type;'f-
1st Water Pump P-401 A 1 120 m3/ﬁr
1st Water -Pump P-401 B 1 120 mjl'hr
2nd Water Pump P—4.0'2 A 1 100 . m3/hr
2nd Water Pump P-402 B 1 100 m3/hr
Fuel 0il Pump P-403 1 & m3/hr
Fuel 0il Service Pump| P-404 A 1 0.25 nm3/hr
Fuel 0il Service Pump 1 0.25 m3/hr

P-404 B

~30-




2-2 Working Schedule of
Main Equipment
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2-2 Working Schedule of Main Equipment in 24 hrs.

Fig 2-2-1

- 10 12 14 16 18 20 22 2 4 6 8 0'clock

v :

K-101

K~102 :

K-=103 : '

K-104 -

K~105 ' S

K-106 ——] ‘

K-107,8— x - t

D-101

D-102 1 ' t s

-

E-101 |+—1t4 - — —

D—163. ' { [ '

E-102 H— | o o

D-201 '
(a.B) L

D-202 !
(A~D) -t

K-202

K-203

D-203

D-204

-
L]

8 10 12 14 16 18 20 22 © 2 4 6 8 O'clock
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3-1 General Concepts in Strain Preservation

3-1-1

3-1-2

Preservation of Strains
When a strain is preserved in any way we have to take care of the

folldwing two items,

' Contaaiﬁgtiﬁn withmothér organisms must be prevented., The strain is

kept offit$%prodﬁétivity and properties as simllar as those of before.
For the purpose of the above menlioned, whichever we preserve the
strain'uithislant culture or other methods, we ordinarily take the

clean and cold (0v5°C) place for stocking the strain.

Steérilization and Exclusion of Contaminants
For a puré culture of a strain, contaminatjon with other erganisms
nust not be allowed. Sterilization of medium is indispensadble.

Microbes in the -aivr and other spacés out of a culture vessel must be

kept from contawmination.

1) Cottom Plug
. A cotton plug is still the best utensil for culturing microbes
ia glass vessel as test tebes and flasks,'to prevent contamination
"'and to provide the proper gas exchange between outside and inside
of the culture vessel, Following, the method of making a cotton

plug is mentioned.
(1) ' Cut a cotten wool sheet haviug from one to two ca thickaess

to the proper size of square.

- At the ¢enter of the square cotton wool sheet, place a packed

cotton wool ball as a core.

() “The two corners facing ecach othexr of the square are joined,
then the shape becomes right-angled triangle.

lThe other two corners now shaped into half right-angle are
folded in, then the four corners will becoze like pathered at

one point and will look as a cone.

@

The top of the cone shaped cotton wool is beaded and the cone

is inserted into the mouth of a vessel.

Good and bad examples are illustrated below.
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Cotton Plug
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good. - bad

2) Methods of Sterilization
(D Dry CGvea
Mainly a dry oven is used for sterilizing glass and metal

utensils, in some cases for cotton wool, woody needle, paper

and so on.

Usually, the condition of sterilization is at 160°C for two

hours.
(» Flame

Flare is prepared with a gas burner or an alcohol iamp. The top
of a inoculating uneedle, a forceps, a pipet and so on are burat
and sterilized. Also, the ::o_u_th of a vessel is burat. Espe-
efally, an inoculating needle is burat on the most of fts body
except the gtaép. Burning the cotton plug of a vessel, it is

encugh to burn the surface of the cotton plug, whichever head or
bottom is sterilized. '

@ Autoclave

Mediums and aqueous solutions are ordinarily sterilized by a

autoclave.
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Close the lid of an autoclave and fasten its handle tightly not
to leak. Set the thermostat of the autoclave to control at
.120°C.(Pressure 1 kglcmzc). Set the timer of the autoclave to
maiﬁtain'the temperature sét (120°C),. for necessary time, so
the heater is put on. When theftemperatute of the autoclave
reaches ﬁhe set point, the thermostat begins control and the
ticet starts, o | '

The time set is over, then the heatex is put off. Checking

the pressure inside is 0 kg/ca?C, open the lid and take out the
articles sterilized,

(@ Vitra Violet Light

"The inside of a clean beach is sterilized with ulira violet

Jawp.

Don’t expose eyes divectly to the lamp.

(3 70Z (V/V) Ethyl Alcohol

Fingers, hands and arms are sterilized by soaking and washiang
with 70% EtOH.

Also, the surface of glass wares and hard wares can be &reated

as same way.

3-1-3 Inoculation and Reagenls

1)

2)

Utensils and Reagents

Usually these are used everywhere

Clean bench, burner, inoculating needle, pipet, forceps, spatula,

alcohol - 1amp.

70Z EtOH -

Clean Bench

A clean bench is used for inoculation and other handling of

picrobes under aseptic condition.

Ordinary operation procedure is given below.
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3)

_@@@@@

put on the air curtain switch of a clean bench,’
Put on the light.

Put off the.uitra violet lamp,

Pull up the slide window snghcly.

Place utensiles and materials in the clean bench

Usually, they must be sterilized according to the methods

méntioned béfore.

‘Perform inoculation after siashing fingers bands and ares with

soap and 70 Z EtOH.

® ©

After the inoculation, wipe theffIOOf of the clean bench with
70 % EtOH so as to kéep it elean and aseptic.

Pull down the window thoroughly.

@ @

Put on the ultra violet lamp, then don't put off uwatil the

next practice, _ -
@ Put off the kight.

G). Put off the air curtain switch.

Procedure of Inoculation

All operations wust be conducted to aveid contanination as possible

as weé can,

In incculating, the top of an inoculating needle, a pipet.énd a

cotion plug with others.

They ave held with a haad or placed on an apparatus for preventing
the touches. :

The mouth of a vessel, also, cannot be touched with fingers and

others,

Various eediumss and methods of inoculation for strain‘ﬁreéervation
have beea developed correspoﬁding to progress of technology and

findings of new strains. Inspire of the abové mentiornied, it should
be reﬁemberéd that slant to slant inoculation is a wmost fundamental

and important technique and slant culture is a basic method forx
growing of microbes,
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3-1-4

3-1-5

In the case of the yeast, usually the incculation of a slant is

conducted as below.

Iinoculating
Needle

—r
———

— | —_— —
Streak | Streak
AR
Mini Mass of
- Microbes
Stocked Free Slant Line of
Slant Microbes

Culture of Slaants
Usually, slant cultures are incubated at 37°C.
But yeast cultures are ordinarily incubated at 30°C or below.

In some cases cultures mpay form spores and the spores are used for

keeping the strains.

Stoeck of Cultures

Many methods have been developed'for keeping strains., For long term
stock of cultures, lyophilization and freezing (below-50°C) ave useful,

but they demand special apparatus, materials and techniques.

To this day the slant culture stock method is still useful everywhere
in the world as its simplicity and reliability although it has some

weak points,
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3-2 Presgervation of Strains
with Slant Cultures
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with slant cultures,

We preserve the yeast strains which can produce ethyl alcohol sufficiently,

The slant cultures are kept in a refrigerator at 5°C,

Strains preserved and tested are managed by making the strain cards

3-2<1 Stralins applied
as below.
Fig 3-2-1

Example:Record of Strain Transfer

Date of ep e = Times of|Batch and
Transfer Strain TransferjTest Used
1983 BERDC-1 BE -1 original
1/}
- BERDC-1 | B-1,2,3
2/1 BERDC-1 o1
3/1 BERDC-1 o>




3-2-2 Mediunm

Yeast extract and Malt extract agar (¥YM agar) medium are used as

preserving medium for yeasts.

1)

2)

3)

Composition

The medium has many variations. Then, we choose the ¢omposition

below as slant pediun.

Yeast Extract 3 g1
Malt Extract 3 gll“
Peptone 5 g/l
Glucose 10 gf1
Agar 20 g/l
pH 5.5 | 1L

?reparation
pre-mixed redium constituents or the components above centidned
ave dissolved with distilled water of theLhalf finé1 voluze.

If necessary, the pH of the medium can be adjusted to the indicated
value with diluted alkali or acid solution. Then the voluse of the
medium is filled up to the final voluze with DW. And the agar .

in the mediua must be melted thoroughly in a water bath.

10 ml portions of the medium are dispended to test tubes. And

cotton plugs are inserted to the mouthes of the test tubes,

Before used, the test tubes with their cotton plugs must be heated

over 100°C with a dry oven. Then the plugs can paintain the shape
foreed.

Sterilization

Cover the tops of the test tubes with aloinua foils or others in

order to avoid the cotton plugs being drenched with drain.

sterile theam for the indicated time at 120°C with an autoclave.

As the tezperature descends to 100°C and the pressure inside

becozes 0 kglcmzc, the test tubes can be taken out,
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4) Makiag Slant Form

_Before hardehing'of_tﬁe medium sterilized, the test tubes are laid

on a horizontal place with their heads on a glass tube (diameter

10 pm) in order to make slope,

(:jEE;:::%ga___-qlass tube

After hardening, the_fest tubes are set in a test tube rack and

checked at reom temperatufe for a few days whether the steriliza-

 tion is compléte or not.

Then, they are stocked in a clean place.

3-2-3 Preservation

1)

2}

3)

4)

Interval between transfer inoculations.

Usually, stocked slant cultures are transferred to free slaats
once a month,

Inoculation

Conduct as mentioned in the clause 3-1-3.

The head of a slant is wraped with a paraffin paper.

Culture of Slants

The inoculated-slants are placed in an incubator at rthe indicated
téemperature for necessary time.

Stock of Slant Cultures

After properly grown, the slant cultures can be stocked as strain
preserving slant cultures in a refrigerator at 5°C, if any unusual

synptoms can not be find out in the culture.
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4. Directions for Safety
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4-1 Basic Directions
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4-1 Basic pirvections

1)

2)

3

4)

5)

6)

7

8)

9)

10)

11)

12)

" Tools for work and safety must be arranged in the ordered ways.

Don't work in condition of poor carefulness andfor a little considera-
tion.

In working, concentrate your attesntion only to your objects, but not

to others.

Yo must put on simply designed wears in the ordéred ways for fast

action and safety,

Don't use flares and otheér fire sources in other place than the

specified places.

Clean your working places and their circumferences, and arrange tools

and materials in order.

Haintain spaces for passage in working places without leaving obstacls

unnecessary.

Comunicate carefully each other, when you are going to cooperate

works,

You must put on something to protect and must use tools for salety

when yoeu do dangerous operations,

Safety devices set on equipment should not be removed without reasons.
Removing thea for repairving, the facts must be told clearly to the
members related and must be indicated on the equipment.

Never mend equipment when they are running.

In repairs of equipient and lines including disassemblies, before you

take actions, whether any leaking eontents are there or not nust be

checked. 1f some are there, they must be washed away or removed,
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13) Don't place articles catching fire andfox explosive near electric
machines.

14) Avoid leaks of eléctriéity,.taking much care about insulation and

not to drench electric wires.
15) Before transmitting utilities (electriéity, steam, water and plant
air), tell the sqpp}iés of thea to the members related and check the

lines and the equipment are ready or not.

16) Drains in steam suppling lines are removed out before steam is trans-
ferred.
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4-2 Kork;ng in Vessels
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4-2 Working in Vessels

1)

2

3)

4)

5)

6)

)

When you do faspecting and repailring works in a vessel, essentially
you must put off the main switch of the vessel in the power distribu-

tion room and must hang the board, which tells somebodies are working

in the vessel, on the switch,

Also, to preveant for steam and other dangerous materials accidentaly
to stream inté the vessel, the nearest and the next valves to the

vessel, of each liné must be closed and the board above mentioned must

be hung on each valve.

Korks in a vessel must be doné by a team of members more than two,

Oone of them always must be out of the vessel and pust ¢ake care of his

team wember's safely in the vessel,

When use fires in a vessel, the vessel is washed thotoﬁghly and [illed
fully with water and the water is discharged out. So the exchange of

the air can be complete,

In leng time works in a vessel, supply fresh air, and keep the safely

in the vessel.
Main points of inspection in vessels,

(:) Degree of cleanness.
(:) Somethings wrong with valves inside,
(:) Stirring propellers,

(:) State of the bolts which tighten stirring propellers buffles and
others,

(:) Bubbliong hole of air sparger.

You must not c¢lose the manhole until you make sure that mobody is in

the vessel,
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4-3 Operation of High Pressure Vessels
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4-3

Operation of High Pressure Yessels

1)

2)

3)

You can open the lid of a hole, after you open an exhaust valve fully

and make sure of no pressure inside,

When you are going to disassemble the parts in which some pressure

inside may be left, release the pressure graduvally and remove the
contents.

High pressure vessels can endure inside pressure, but not outside., So,

cooling them fast after heating should not be made. And the decrease

of inside pressure caused by the descending of teamperature inside has

to be avoided by taking care about the operations of valves.
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Operation of Rotary Machines
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l4-4  Operation of Rotary Machines

1

2)

3y

Aftér you put off the power switch of a rotayy machine and indicate
tt befog under majintenance operations, you can do inspection, repair,
injection of pachine oils and so on. You should not touch the rotat-

ing parts, whethér they go slow or rapid.
Starting a wotor must be done aftér making sure of safety. Especially

the motor which has been ceased to work for a long time or has beéen

Jeft in unfavorable conditions had better be measured of its insulation

resistance for safety,

Pumps and stirrers should not be operated without load.
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5. Outline of Ethyl Alcohol Production

from Cassava
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5-1 Process Block Diagram
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5-1 Process Block Diagram

Cassava

¥

| Ppeeling

b

HWaste

) Y
| Washing 4‘
y

| weighing |

Y Stock
. Slant
Slicing |
| Active
Fine Crushingl Culture
Y Flask
[__Mlxxng _] Seed

{

Liquéf?ing‘

¥
‘Saccharifying
e Ferment;::::)<|
COy ==

Lt ]

‘Broth Out |

v

l§1udge Separationl—————%>sludge
|
hd

Haste Water «e~—————IDistillati;;]

Ethanol
95¢ {V/V)
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5-2 Proceéss Flow Sheet
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5-3 Working Flow Sheec
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Liquefying lfaccharifying

Transfér
. - . - .
— = Receive

—> Cool to 55°C

Volume Adjust Saccharifying

Ligquefying Gluco-Amylase add

L-Aamylase add ¥ i__ .

Maintain at 55%°C
b for lhr.

: Ureca -

. {(NH4)H,po, } 299

Maintain at 80°C
I for 30min.
v Transfer

Cookin _ >

9 to next page

Steam Injection

Steam Injection ,

Pressure lncrease b

i .
" Inspection

Maintain at 132°C

for 30min,

Transfer

AU
J
Inspection
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ISeed Culturel

last page

[—*—Receive

Volume Adjust

!

Sterilization

Steam Injection
Pressureé Increse

Maintain at 110°cC
for 30mij

-
L

Cool to 55°C

; Y .
[ Additional
Saccharifying
— ]
HL—-Anylase
Gluco Amylase

}add

Maintain at 55°cC

Cool to.325C

[Flask Seea
Inoculate

Culture

Transfer line——
Sterilize Transfer

Wash

¥

Inspection
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From
last page

Broth Reserve

Y

Y
Sludge

Dispose

1

Sludge Separate

{
Filtrate Pit

¥

Filtrate Broth

Tank

lpistillati;;]

> Pré-Heater

Mash Column
Operate

. .

Transfer

Fusel 0il JCondenscer

Reserve
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5-4 Sténdard Operation Conditions
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5-4  Standard Operation Conditions

S-4-1 Standard Consumption of Raw Materials

These figures express the consumption of raw materials for cne

fermentor run.

We start one fermeator run every day.

Tab, 5-f-1

Raw Material

Consumption Rate (kp/day ox batch)

Seed Fermentor
%gi:::; Value: 1500 48400
28.5% as Glucose) {456 kg as Glucese) {13794 kg as Glucose)
_ + 0.5 - 15.0
a-Asylase 0.1% vs Sugar 0.1% vs Sugar
. + 0.3 3.0
Gluco Amylase 0.06% vs Sugar 0.06% vs Sugar
Urea 2.0 69.0
CO(NHz)z 1.0% vs Sugar 0.5% vs Sugar
Ammoniva Phosphate 1.0 . 4.0
Honcbasic (NH;)H,P0, 0.27 vs Sugar 0.1% vs Sugar

Sulfuric Acid
H2304

pHl adjustment for Saccharifying Reaction

+ «a-Aaylase

T+  Gluco-Anmylase

Novo Termamyl 60L

Amano  Glucozyme AF6
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5-4~2 Standard Operation Conditions

5-4-2~1 Cassava Consumption
16,7 t/Batch
3- Batch/day
50 t/fday

5-4-2-2 Crusher

Cassava Feed Rate 3 t/hr.
Time for One Batch 5.6 hr./Batch
Water Feed Rate 1.5 tf/hr.
Cassava Milk Producing Rate 4.5 t/hr,
Total Cassava Milk Produced 25.0 tfBatch
5-4-2-3 Cassava Milk Pit Capacity 20 m3

When the volume of cassava milk in the pit reaches to 15 m3
‘work the stirrer and transfer the cassava milk te the cooking

tank (D-102).
Transfer rate is 12.5 t/hr.
So, the transfer is finished in two hours.

Wash the transfer line with 1.4 t of water.

5-4-2-4  Liquefying Process

Cooking Tank Capacity 42.8 n3

Stirrer 20 Tpm

Tab. 5-4-2 Composition of Solution

Constituent Quantity (kg)
) 16700
Cassava
| ___ (4760 kg as Glucose)
Yater 9760
a-Arylase 5 S
Total 26405

The final quantity after cooking is 31705 kg.
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Tab, 5-4-3 Temperature Contyrol

Unit Process or Pavameter Condftion

Below 1°Cfmin,

Speed of heating

Heating time for 30°C to 80°C

50 min,

jLiquefying at 80°C - 36 wmin.
i%ting time for 8—(;’;: 132°C 50 min,
| Codking at 132°¢ T 30 win.

(Pressure: ZkglchG)

Transfer of the Cassava Liquid is made with the steam pressure

inside the tank,
5-4-2-5 Saccharifyiag Process
Saccharifying Tank Capacity 47.8 w3

Stirrer 20 crpm

Tab. 5-4-4 Composition of Solution

Constituent Quantity (jg).
Cassava Liquid 31705
) Gluco Amylase | 3
Urea CO(KH3)» 24
Anmonium Pg;;;B;te ) 4.8
Monobasic {NH;)H,P0y
Total - 51336.8

pH 5.0 with H350

Temperature Coatrol at 55°C maintained for 60 minutes.

With one of the three batches, the saccharified solution is
separated into two portions such as seed medium (3000 kg) and
fercentor cediun (28700 kg).
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5—4—2—6 Tank Seed Culture

Seed Tank Capacity 6 m3
Stirrer 100 rpn

Tab, 5-4-5 Composition of Medium

COnstituént “Quantity (kg)
Saccharifiéd'llquid: ‘ _ T 45000 ]
[ yrea CO(NHy) o 0.5
Ammonium Phq;;;;te 7__f ---- 0;3'”“ ----- B
Monobasic (NH4)H,PO3
Water 10060
Total o 4000.8

Final quantity after sterilization beéomes 4200 kg
.Coﬁditions'of Sterilization
At 110°C, maintained for 10 pinutes, then cooled to 55°C for

saccharifing.
Reinforcement of Saccharifing

Additional Enzywes
- a-Amylase 500 ¢
‘Glucoanylase 300 ¢

At 55°C, waintained for 3 hours, then cooled to 32°C for

inoculation.
Flask Seed
600 ml of 1 day standing culture in 1 L flask,

Culture Conditions

Temperature 32°¢C

- Stirring 100 rpa
Airation ) 400 N1l/ain.
Culture tige 26 brs.
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5-4-2-7 Fermentation

Fermenter Capacity 120 w3

Stirrer 100 rpm
(side mounted)

Tab, 5-4-6 Conposition of Medium

Component Quantity (Eg)
Tank Seed - N R 4200
ﬁﬁ;ét Saccharified Sol, o 4728?00
Znd Saccharified Sol. | 31760 o
.3rd Saccharified Sol. i 31700
Total i 96300

Culture Conditions

Tenperature 32 °cC

Stirring 100 rpm, from the 2nd feed to 3rd feed
Aeration 1000 N1/ra, for 8 hrs f[rox lst feed
Culture Tice 86 hrs. after lst feed.

5-4-2-8 Distillation

(D #ash Column

Pirension 1100 & x 13700 x 3 ¢
Tray Bubble Cap Type
Number of tray 26
Tray distance 400

Operation Conditions

Broth Feed Rate 3.8 kl/hr.
Column Top 35 °C
Column Middle 102 °¢C
Coluzn Bottoam 108 °C
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(:) Concentration Column

Dirménsion 800 ¢ x 10500 x 3 ¢
Yray ~ Sieye tray
Kumber of tray 25
Tray distance 300 mm
Operation Conditions
Temperature
Column Top 719 °C
" Column Middle 84 °c
Column Broth '95'°C
 Reflux and Product 70 °c
Flow rate
Reflux 1340 1/hr.
Product | 335 Lfhr.
Reflux ratio 4.0

5-4~3 Schematic Description of Operations

5-4-3-1 Time Course of Cassava Consuzption in Crushing Process

Equipzent includiang K-101, 102, 103, 104, 105, 106, 107, 108

Fig. 5-4-1 Total Amount consuzed and Produced Cassava Milk

{ 16.7 t/Batch ) ( 25.0 t/Batch )
t
30 A
25 - —41Cassava Milk
7 H

s
20 .
16.7 Cassava Cénsumed
10 -

P
5 6 | H N
0 5 > 7 8 hrs



Fig., 5-4-2 Rate of Cassava Consumption and Water Feeding

t/hr
Eh
3 , |
3 t/hr “jCassava Consumption
1 T T 0sT€zhe T T 7 T ~|Water Feeding
T T ¥ 5‘6 . . -
° ! ? 3 1 5 6 7 8 hrs

5-4-3-2 Tice Course of Cassava Milk held in Cassava Milk Pit
Equipn:ént D-101

Fig. 5-4-3 Total Cassava Milk fed and held Amount in Pit

t
304
| Milk fed
+25.0 t
~
rd
”~
20 : e
-
s
v
Held Amount
10
Washing Water Feed
6 (1.4 t)
/ l T

0 1 2 3 4 5 6 7 g hrs



Fig, S-4-4 Transfér Rate (D-101-'D-102)

t/hr _
12.51 12.5 t/hr -
10 Transfer
of Washing
Cassava
Milk
. -
. ' ) " 3.6 ' RN A o
0 1 2 3 -4 5 & 1 8 hrs
5-4-3-3  Time Course of Operatien Parameters in Liquefying
Process (Equip. No. D-102, E-102)
Fig. 5-4-5 Temperature
°C b - : _ .
130, 132 E-10} inlet
100 |
80
‘ £-101 outlet to DL103
50 i 55
30422
0 1 2 34 5 6 7 8 hrs
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Pig. 5-4-6 Volume

kl Steam off

Steam : l'
30 J : 31.7

JO.0
26.4

25.0

20 Transfer to D-103
A-Amylhse

ol ¥

0 1 2 3 4 S 6 7 8 hrs

5-4-3-4 Tiwe Course of Operation Parazeters in Saccharifying

Process {Equip. D-103, E-103)

Fig. 5-4-7 Teamperatuye

°Ci __55 E~102 inlet -~ to D-201
50
Cooling E-102 ocutlet . to D-202
Start 32
L] T L1 L] 1] T |
o 1 2 3 4 S 6 7 8 hrs
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Fig. 5-4-8 Volume

CO(NH3)
(Nitq) i P04

x1 [Glucoanylase,
31.7

30;

204

1073

Transfer o D-~202

6 7 8 hrs

5-4-3-5 Tise Course of Operation Paramcters of Seed Culture

(Equip. D-201, K-201)

Fig, 5-4-9 Teamperature

°C
1201,
119 <
100
&-Anylase
Glucoanylase
23,\ Flask Seed
o | Stean 12
Hater
T - ¥ T t . —
0 1 2 3 4 & 7 8 hrs
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Fig. 5-4-10 Volune

k1l

~<—— 4.0 Water

-~ — 3.0 Meédium from D-103

-103-

8 hrs



5-4-3-6 Time Course of Operation Paraucters of Fermentatfon

(Equip. D-202, K-201)

Fig. 5-4~11 V¥olume

k1

100

30

80

70

60

50

40
36

30

29

10

BO

.

~-104%-

96.3 : -
—ﬁ—>-31d Feed 31.7 k1l
> 2nd Feed 31.7 k1l

.
4] ——= 1st Peed 28.7 k1

— = Tank seed 4.2 k1

¥ T T [] T L] L] ] ¥ N
24 48 12 86 96 hrs
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6. Operation Manual
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6-1 Culture of Flask Seed
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6-1 Culture of Flask Seed

641—1 'Slant medium for stock culture

1) Composition

2)

3)

Yeéast extract and Malt extract Agar pedium (YM Agar medium) are
used for the stock cultures of yeasts.

Its compésition is below.

Yeast Extract 3 gl}
Malt Extract 3 g/l
Peptone 5 gl/l
Glucase 10 g/f1
Agar 20 g/

pE 5.5 , Voluze 1 L

Preparation

Heigh each component and dissolve theas except the agay with half
of the final volume of D¥. '

The pH value of the solution is adjusted to 5.5 with diluted
alkali sol. or acid sol.. Then the agar is added to the soletion.
It is filled vp to the indicated volume with PX and the agar must
be melted thoroughly in a water bath. After well mixed, the
rzedium is dispensed to test tubes (18 m=) x 165 =2) by the 10 ml.
Take‘céte not to spoil the cotton piugs andfor the eouths of the
test tubes with the cedium. The test tubes inserted with cotton
plugs have been heated at the temperature over 100°C for hours

before use.

Sterilization

The tops of the test tubes are covered with alminum foil or others,
for the cotton plugs should not be wetted with drain. The condi-

tions of sterilization with a auteclave are below.

Texzperatuye 120 °C (1 kg/enlG)

Tize 15 minutes
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4) Hafdening and Stock

After sterilization, the test tubes.have been laid on q.tablq w#ﬁh
their heads on a glass tube in order to make slqpe,'befbté harden-
ing of the medium in then begiﬁs. After hardening, they are kept

at room témperature for a few days to check whether the steriliza-

tion is complete or not.

Then, they are stocked in a clean and cool place,

6-1-2 Active Mediunm

Active medium is used for making microbes, which have ceased almost -

their physiological activities, grow actively again.

1) Composition
Y medium is used.

Lts composition is below.

Yeast Extract 3 e/}
Malt Extrack 31
Peptone 5 g/t

Glucose - 70 g/l

pH 5.5 , volume 1 L

2) Preparation
Apply the rethed mentioned in clause 6-1-1 excluding the step
of adding agar. '

3) Sterilization

Apply the method mentioned in clause 6-1-1,

4) Stock

Apply the method centioned in clause 6-1-1, excluding the
step of hardening.
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6-1-3 Flask Seed Medium

6-1-4

Flask seed medium 1s used to greatly increase the cells proliferating
in the active medium.

1)

2)

3

4)

Composition
a. YM medium

The composition is same as the active medium.

b. Molasses medium

Molasses 70 g/l as glucose
(NH1) 250, 1 g/1

pH not adjusted

Preparation

Apply the method mentioned in clause 6-1-2.

Exceptions are following. The vessel used is a 1000 ml Erlennyer
flask having a nozzlé to transfer its content and the amount of

the mediua is 600 ml in the 1000 ml Flask.

"Sterilization

Apply the method mentioned in clause 6-1-2,

Stock

The flasks are stocked in a clean and cool place.

And the medium had better be consuzed within a week.

Conditions of Culture

1)

Slant Culture

Voluce of mediunm 10 @1 in a test tube (18 ) x 165 ma)
Inoculun size A bit of cell mass extended with an

inocylating needle

Temperature 30°¢C

State of Culture Standing

Culture time 48 hrs.

Conditions of stock 5°C in dark and dry place
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2) Active Culture

Volume of médium . 10 ol in a test tube (18 novd x 165 vm)

Inoculum size A bit of cell mass
Temperature : 30 °cC
State of Culture Standing

Cuiture'tiﬁe 24 hrs.

3) Flask Seed Culture

Volume of medium 600 ol in a 1000 ml Flask
Inoculum size 10 nl of active culture
Température. 30 °c | -
State of Culture Standing

Culture tice 24 hrs.
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6-2 Crushing of Raw Materials
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6-2 Crushing of Raw Materials

6~2—1. Cassgava

6-2-2

The cassavas transported from their. farm by trucks are, at first,

weighed with the truck scal, and piled up in the stock yard,

Crushing Process

1)

2)

3)

&)

The cassavas piled up are carried by forklift trucks (X~109) near
the entrance of the belt-conveyer-1 (K-101) and are thrown on it

at the constant rate {3 t/hr) by the feeder men. They are trans-

ferred to the belt-conveyer-2 (K-102) and veach to the peeler

(K-103}.

It rubs off their soil, sands and dirt and peels their barks with
the rotation of its blades.

The cassavas rubbed and peeled go into the washer.(K—lﬂﬁ), wvhich
washes them in the water tank having a screw like stirrer.
Forgarding by the stirrer in the water tank, the cassava are
againa transfetred.by the conveyer-3 (K-105) to the automatic

conveyer scale (K-106).

-There, they ave automatically measured of their total arount

which has passed through the scale.

The cassava continuously weighed, then, go to the Crusher-1

{(¥~107) which slices thenm to siall bit with its blades. The
cassava sliced are further crushed to fine particles with the
crusher-2 {K-103A, B). Concomitantly with the fine exushing, water
is injected to the fine crusher, thea the fine crushed cassava
forming heavy slurry is washed down to the cassava milk pit (p-101).

The injeétion rate of the water (1.5 k1/hr) is controlled by the

valyes and in fig. 6-2-2,

~}17-



6-2-3

5)

6)

7)

8)

The cassava milk in the pit alvays separates into precipitation
part and supernatant part unless stirriﬁg, So, when {its level in
the pit reaches to the propeller of the stirrer, begin ;cirriﬁg'
for making it homogeneous and breaking the precipitation.

Estimate the time when the automatic conveyer scale showes the
indicated value (16.7 ton) and stop the belt-conveyer (K-101, 102,
103), the peeler (K—104) and the washer (K~105) at the gproper time

accordlng to the estiuatlon.

The automatic conveyer scale reaches to the 1nd1cated point, and

st0p its operation

Make sure that the content in the crushers has been all out and

put off the switches of the crusher-1, 2A and 2B,

Transfer of Cassava Milk

1)

2)

3)

4)

The cassava milk in the p1t is transferred to the cooking tank

- (D-102) with the cassava nilk puap (P-101),

The level in the pit goes down and reaches to the prdpeller of the

stirrer, then stop the stirring.

After the cassava milk has been transferred, the transfer line
must be washed to prevent stopping, with 1.4 kl of water which is
fed ‘into the pit from the valve (:) in flg. 6-2-2. This washing

water is joined with the cassava milk already transferred into

the cooking tank, :

Stop the cassava pump (P-101).
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Fig-6-2-2 .Automatic Conveéyer Scale.Crusher
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-~ Conveyer .
Scale N KFlﬁj |
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6-3 Liquefying Process
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6-3 Liquefying Process |

6-3-1 Arrangements

1)

_2)

3)
4)
5)
6)

1)

8)

%)

10}

Open the manhole of the cookiag tank (P-102).

‘Close the valve (:)' in fig. 6-3-1, at the bottom of the cooking
- tank aad opeén the valve (:) in fig, 6-3-1, the exhaust valve,

The flexible hose for injection of the cassava nilk is inserted
into the tank from the manhole.

Start the cassava milk pump (P-101) then the milk streams into the
tank from the wanhole,

The level of the milk in the tank reaches to propeller of the

stirrer, then start stirring.

After the whole voluie (25 k1) of the milk has been accepted, the

kashing water for the transfer line (1.4 k1) can be accepted.

After accepting the washing water, stop the cassava punp (P-101)
and pull up the hose from the manhole.

Stop the stirring for a minutes and adjusted the voluze of the
milk including the washing water to the indicated volume (26.4 k1)

with water.

Add the indicated amount {5kg) of the a-Anylase to the milk fronm

the manhole.
Start the stirring again.

Check the packing of the manhole and eake sure of no troubles.

‘Then fasten the lid of the panhole firaly.
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6-3-2 Liquefying

1)

2)

3)

4)

5)

6)

7)

Before starting the injection of steam, you should tell it to the

related members especially to those in charge of the boiler,

The drain in the steam lines for the cooking tank must be removed
thoroughly. Then the eight valves for steam injection are opened

gradually and in order. So, the steam c¢an be injected.

The degree of the opening in the valves should be controlled to
rmaintain the rate of heating near 1 °C/mintte and not to exceed

over the rate,

The rate of temperature rising can be estimated from the chart of

its time course in the recorder.

When the temperature rises to 80 °C, the eight valves are closed.

Haintain the teaperature at 80 °C + 2 °C for half an hour, so the

liquefying reaction can proceed.

Control the temperature, observing the chart in the recorder. if

the temperature descends, some of the eight valves can be opened

to keep the temperature.

6-3-3 Cooking

1)

2)

3)

The cooking process is performed, continuing after the liquefing

process.

Rezove the drain in the steam pipes and open the eight valves as
mentioned foreevly in clause 6-3-2,

The teaperature control is conducted similarly as mentioned

foreerly in clause 6-13-2,
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- The temperature rises gradually,
néar 90 °¢,

When the temperature reaches
the steam begins to blow out from the exhaust line,

S0, make the opening of the exhaust valve (@) in fig. 6-3-1 a
1ittle,

Continue rising of the teomperature. Make sure of the blow of

steam and let the opening of the exhaust valve still less.

After a while, the temperature reaches to 100 °C, so close the
exhaust valve firmly.

Still the rise of temperature continues aad the préessure inside

the cooking tank rises gradually,

The'pressure inside the cooking tank can be known from the pressure

gauvge set on the tank,

When ihe'tempefAture_reaches to the indicated point (132 °C,

2.0 kglém?G), close the eight valves.

The relations between tezperature and steam pressure of water are

described telow.

Tab. 6-3-1
Temperature Steanm Pressure of Rater
108.7 °C 0.4 kglcalc
112.7 0.6
116.3 0.8
119.6 1.0
122.6 1.2
126.7 1.5
132.8 2.0
138.2 2.5

As the extraordinary pressure inside the tank arises, the pressure
rises even to the critical point (3.0 kg/culG). So, the safety
valve set to work at 3.0 kglcgzc begins to expire the steam in the

tank.
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9)

10)

Keep the temperature at 132 &+ 2 °C for thirty minutes, so the

cooking process can procced.

After the cassava oilk has been liquefied and cooked, tell it to

the members in charge of the boiler,

6-3-4 Transfer of Liquefied Milk

1)

2)

3)

4)

5)

6)

7)

8)

Before the cooking ends, make the medium codler—l_(EQIOl) and the
saccharifing tank (D-103) ready to work. The details of the
preparvations will be mentioned in the clause of saccharifying

process.

The transfer of the liquefied milk can be perforrzed by the pressure

(2.0 kgICEZG) of the stean derived from the llquefled mxlk it self,

.On the transfer line (Cooking tank to Saccharifying tank), the
valyes (:) and (:) in Fig. 6-3-1 are opened and thé valves (:)_,
(:) and(F) in Fig. 6-3- l.aré closéd. Open the valve (:) in

'Fig. 6-3-1, at the bottom of the cooking tank, gradually,

The liquefied milk streams into the wedium cooler-l and can be
cooled from 132 °C to 50 % 60 °C there. After cooled, the milk is

transferred into the saccharifying tank,

You can notice the end of the transfer from the rapid decrease of

the pressure in the cooking tank,
At the end of transfer of the ligquefied milk, the eight valves
are opened for a minutes and are blowed with steam in order to

wash away the remnants ia them,

After the liquefied milk has been transierred, close the valve

() in Fig., 6-3-1, at the bottoa of the cooking tank.

Stop the stirrer of the cooking tank.
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9) Gradually, open the exhaust valve (:) in Fig. 6-3-}, of the cook-

ing tank, in order to release the remaining steam in it to the
extérnal,

10) After making sure of no pressure in the cooking tank, open the

manhole,

11) 'Inspect'the inside of the cooking tank.
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Pig-6-3-1 Cooking Tank
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Saccharifying Process

-129-






6-4 Saccharifying Process

6-4-1 Reception of Liquefied Milk

1) Open the liquefied milk receiving valve in Fig. 6-4-1, and

close the valve in Fig. 6-4-1, at the bottom of the sacchari-
fying tank and the sampling valve (:) in Fig. 6-4-1.
manhole,

Then shut the

2) Flow the 2nd water to the cooling jacket of the medium cooler-1.

3) Begin the transfer of the liquefied wilk From the cooking tank to
the sacchéri{ying tank,

4) The milk streams into thé mediun cooler-1 along the transfer line.
There, the nilk can be cooled from 132 °C to 55 v 60 °C and the

-regulation of the cooling is controlled with the flow rate of the
2ud water. When it is impossible, the milk, still hot over 60 °C,

can be cooled by the cooling c¢oil in the saccharifying tank,

5) After about hulf an hour since the transfer has begun start the

stirring of the saccharifyiag tank.

6) The teaperature of the milk can be noticed from its chart in the

recorder.

7) After the milk has received, close the valve (:) in Fig. 6-3-1,
at the bottom of the cooking tank, and the receiving liquefied
milk valye in Fig. 6-4-1.

8) Washiong of the medium cooler-1 and the transfer line are practiced

as follows.

Open the valve (:) in Fipg. 6-3-1 and [low the lst water to the
transfer line, The washing water from the line can be discharged

from the blow anear the valve in Fig. 6-5-1.

9) After washing, stop the flow of the lst water and discharge the
remaining water in the line by opening the valve (:) in Fig.
6-3-1.
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6-4-2 Sacchafifyihg

1)

2)

3)

%)

5)

6)

1)

8)

Adjust the temperature of the milk to 55 °C,

Take the sample of the milk from the valve (8 in Fig. 6-4-1 and
measure its pH. If the pH valve is over 5.5, the pHiof the milk
in the tank must be adjusted from 5.0 to 5.5 by adding sulfuric
acid (H3504) from the manhole.

Stop thée stivrer and open the manhole.

Add the indicated amount (3kg) of the Gluco-Amylase into the milk

fron the manhole,
Start the stirrer and ¢losé the panhole.

Maintain the temperature at 55 °C for an hour. So; the saccharify-

ing of the liquefied milk can proceed.

The temperature control is perforeed according to the observation

on the chart of the recorder.

When theé reaction has been proceeding for an hour, 62 kg of urea
.(CO(HHZ)Q) and 14 kg of arnonium phosphate mono basic (NH4H2P04)

are added into the milk from the panhole.

Of course, the stirrer stops its work while adding the chemicals.

Start the stirrer, again.

6-4-3 Transfer of Saccharified Liquid

1))

Before the saccharifying reaction is ended, make the wediun cooler-
2 and one of the four fermentors ready to work. The details of the

preparation will be described in the clause of fermentation.
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2)

3)

S 4)

5)
6)

7

3)

E))

10)

The transfer of the saccharified liquid is practiced as follows.

On the transfer line (saccharifying to fermentor), the valves (:)

and (:) in Fig. 6-4-1 are opened and the valves (:) s (:) and
(:) in Fig. 6-4-1 are closed. The valve (:) in Fig. 6-4-1 at the
bottom of the saccharifying tank is gradually opened,

Start the-medium puzp (P-102) and begin the transfer of the liquid.

The liquid streams into the medium cooler-2 along the transfer line.

There, the liquid can be cooled from 55 °C to 32 °C. Thern, the

liquid flows into one of the four fermentors appointed.

After the 1liquid has transferred, stop the medium pump (P-102),
Stop the stivier of the saccharifying tank,

The recaining liquid in the transfer line can be purged into the
fercentor with plant air.

The washing of the medium cooler-2 and the transfer line can be

performed with the similar procedure as mentioned in clause 6-4-1

Open the manhole of the saccharifying tank and wash the inside of

the tank with the Ist water which is rushing out from a hose.

Inspect the inside of the tank.
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Fig.6-4-1 Saccharifying Tank
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6-5 Tank Seed Culture
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6-5 Tank Seed Culture

6-5-1" sterilization of Air Filter

1)

2)

3)

-,4_)

5)

6)

7)

Two air filters ave installed, They are sterilized every week, in

turn

The inlet of air valve @ and the out.let of air valve @ in

Fig.-6-5-1 are closed and the blow of drain valve (:) and the
blow of steam valve‘(:) in Fig. 6-5-1. are opened,

Op'en the inlet of the steam valve in Fig. 6-53-1 gradually,
then the stedm is 1nJected lnto the air filter.
has been

The air filter
filled with the steam after a while and the steanm begins

to blow out from the valve (:) in Fig. 6-5-1. The drain in the
aiv filter is dlscharged from the valve (:) in Fig. 6-5-1. So as .
to raise the pressure in the air filter, the valves (:) and (:)

in F:g. 6-5-1 are narrowed with their opening.
Then, the pressure inside begins to rise and in a while reaches to
1 kg{cmzc So, malntaln the pressure at 1 kglem?G for an hour

with controlling the opening of the valve in Fig. 6-5-1,

After maintaining the pressure at 1 kg/en?C for an hour, close the

valve . in Fig. 6-5-1 and open the valve @ in Fig. 6-5-1

gradually in order to dry the air fllter.

After two hours since beginning to dry the filter, the valve (:)

in Fig. 6-5-1 is closed and the valve (P) in Fig. 6-5-1 is opened.

So the air filtered and sterilized can be flowed into the air lines.

The sterilization for the air lines are performed using the stean

for the alr filter sterilization, regavding their workiag schedules,
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6-5-2 Arrangemeits for Sterilizing Sced Medium

6--5-3

1)

2)

3

Y

5)

6)

7

8)

The saccharified liquid made from the cassava by Lhe processes
mentioned before can be used as a carbon source.

Before veceiving the liquid in the seed tadk (D-201), thé valve (&)
at the bottom of the seed tank and sawpling valve“(:) in Fig.

6-5-2 are closed. The manhole of the seed tank is opéned.

The 'li'ciniid"reééiéihg"\:rél\ke" “{n Fig. 6-5-2 is opéned. Then the
valves (B and (B in Fig. 6-4-1 ave closed and the valve (&) in
Fig. 6-4-1 is opened

S0, start the pump (P 102) and transfer the liqu1d from the

saccharifylng tank to the seed tank

in fhis-case the l1qu1d is not necessary to be cooled by the

,med1um cooler—z, s0 the medlum by~ passes it and flows into one

scheduled of the two seed tanks. The end of the transfer line is

wade of a flex1ble hose, so reCE1v1ng the liqu1d into the seed

tank must be performed by inseérting the hose to . the manhole.

After.the_iﬁdicated yolumef(3.0 k1) of'the_liquid has been received,

the remaining in the transfer line is washed away into the seed tank

7 wiﬁh the kst water.

5.0 kg of urea (CO(hHg)g) ‘and 1.0 kg of anroniuw—phosphatc £ono
basic (NH4)H2PO4) are added into the llquxd from the manhole,

riuéké'the volume of the liquid to 4.0 k1 édding the 1st water.

Start the stifrer of the'seed tank,

Cloﬁe the manhole of the seed tank,

Sterilization of Seed Medium

i) Open the exhaust valve (@) in Fig. 6-5-2,
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2) Remove the drafns in the steam line to the seed tank and in the

sced transfer line from the seced tank to the fermentor scheduled.

3) Steaq is Injected from the air-sparger in to the seed tank along

the air line from steam Yine (LS) in Fig. 6-5-2,

4) Also, steam can be injected:from the seed Lransfer line by opening

the seed transfevrring valve (:) in Fig. 6-5-2,

5) —Thehtemperature of the cedfum rises gradually., When the temperature
‘tises over 90 °C, thé steam begins to blow from the exhaust line

of the seed tank. Then, reduce the opening of the valve (:) in
Fig. 6-5-2.

6) Still, the rise of the teaperature continues, Making sure of the
blowing of the steam from the exhaust line, reduce further the

openiag of the valve (€) in Fig. 6-5-2.

1) ¥when the temperature reaches to 310 °C, maintain the temperature
at 110 °C for 0 pinutes by controlling the opeaings of the valves
‘which are theé steam injection valve on the steam line {LS) and the

valve (:)' in Fig. 6-5-2, regarding the chart on the recorder.

8) After waintaining the teaperature at 116 °C for 10 minutes, close
the valve (:) in Fig. 6-5-2.

9) 1Increasing the opening of the valve (:) in Fig. 6-5-2, the
pressure inside begins to descend. So, open the valve on the air
line (PA) in Fig. 6-5-2 gradually and close the valve on the stean
line (L5).

10) Flow the lst water into the ceoling coil in order to cool the

wedium fast.
11) Regulate the pressuvrc inside from 0.2 kgfcm?G to 0.5 kg/cmlG by

controlling the opening of the valve on the air line (PA) in
Filg. 6-5-2,
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12)

13)

14)

15)

'Payiﬁg'mﬁch:atteﬁtionéoh the préssure ‘gauge of the seed tank,

‘never make the pressure fnside below O kplemlG.

When the témpérature has descended to 57 °C, stop the fiow of the
st watér to the céélidg coil,
The témperature can descend further with the remaiﬂiﬁg'g#ter in

the céil.

500 g of a—Amylase and 300 g of glucoamylase which are dlssolved

'1nto 31 of ster:llzed water, are added to ‘the medxuw, sterilized

]ust now and cooled near 55 °C fr0m the nezzle for 1noculat10n.

while the eénzyme solution is addxng, the aeratlon_and the stivring

has to be ceased.

The liquéfing and saccharifying reactions are made for three hours
at 55 °C. '

6-5-% Cooling of Mediua for Inoculation

6-5-5

1)

2)

3)

Begin to flow the lst water to the cooling coil of the seed tank.

¥hen the temperature of the medium has descended to 32 °C,-stbp

the flow of thé lst water to the coil.

Adjust the rate of aeration at the indicated level (GOGINiImin.)
regarding the indication of the metal tube rotameter on the air
line. And regurate the pressure inside at 0,2 kglcm?G by controll-
ing the opening of the valye (:) in Fig. 6-5-2.

Inoculation and Culture

1)

2)

3)

Make sure that the temperature is 32 °C, that the aeration rate

is 400 Nl/min., and that the pressure inside is 0.2 kgfcm?G.

Decrease the pressure inside by openiang the valve (:) in Fig.
6-5-2.

Stop the stirring.
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4)  Add the 600 wl of the Flask seed fn 1000 ml Erlenmeyer flask to

the 4.2 k1l of the medium from the nozzle for inoculation,

5) Reduce the opening of the valye (:) in Fig. 6-5-2 as similar as

before and adjust the pressure inside at 0.2 kglcmzc.

6) Start the stirring.

7) Theé seed culture grow for 26 hours under these conditions sentigned

below.
Temperature 32 °c 1+ 1
Aeration 400 NL/min.
Pressure inside of tank 0.2 kglen?g
Stirring 3100 rpnm.

8) The regulation of the temperature can be conducted by controlling

the flow rate of the Ist water into the cooling coil.

9) After 26 hours culture, the tank seed culture can be transferred

to the one fermentor scheduled.

6~-5-6 Transfer of Tank Seed

1) Before the transfer of the tank seed, the one fermentor scheduled
must be arranged for the fermentation. The details of the arrange-

ments will be deseribed in the clause of fermentation.

?2) The transfer line is flowed with steaa in order to sterile it, for

an hour before use,.

3) <Close the exhaust valve (:) in Fig. 6-5-2 and the air line from
the air filter to the seed tank is changed to by-pass its rota-

reter. Then, the pressure inside the sced tank can be raised to
1.0 kglfealc.
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4) Making sure of the rise of the pressure inside, the seed transferr-
ing valve (i) in Fig. 6-5-2 is opened so the tank seed can be
transferred to the one ferrentor scheduled '

5) Stop the stirring of the sced tank,

6) When the tank seed has been transferred, close the seed:tranéférrw

ing valve (:) in Fig. 6-5-2,
7)) Close the valve on the air iine {PA) in F:g. 6-5-2 and open the.
exhaust valve (:) in Fig. 6-5-2 ia order to deplete the pressure'

inside,

8) Making sure of no préssure inside, open the manhole of the seed

tank.
9) - The iransfer line ‘can be washed with the lst water. ’ Of course,
the end of the transfer line has to be stopped and the washing

water can be discharged from blows.

10) After washing the line, the seed tank is filled about half of its

voluxze with the 1st water.

1}) Air is bubbled up to clean the air-sparger by openiang the valve
on the air line (PA) in Fig. 6-5-2,

12) Start the stirring to wash the inside of the seed tank.

13) After washing, the water in the tank is discharged from the valve
(:) in Fig., 6-5-2 at the bottoa of the seed tank, and close the
valve on the air line (PA) in Fig., 6-5-2.

" 14) ! Hash the upper part of the inside of the seed tank using a hose.

15) The water remaining in the cooling coil of the séed tank can be

discharged from its blow.

16) Inspect the inside of the seed tank.
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6-5-7 Record of Temperature

Theé time courses of the temperature of the cooking tank (D-102),
nedium cooler~1 (E-101), saccharifying tank {D-103),
(E~l(}2), seed tank (D-ZOI

medivae cooler-2

-A) and the seed tank (D-201- B) are recorded
on the chart of the recorder TJR-101,

Fig. 6-5-1

Adir Filter

A
™
[9¢]

K-201-A 201— K-201-B

Adir Filter @% | Air Filter ‘

Y
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NOTE:

A

Procedure of adding Enzymes to Tank Seed Medium

1.

3 1 of distilled water is put into the flask same as the inoculating

flask and is sterilized with an autoclave for 30 minutes,

‘300 g of glucoamylase is weighed with a balance, using sterilized

beaker and spatula. 500 m} of a-anylase is taken with a sterilized

graduated cylinder. The beaker and the cylinder are placed in a

‘cleanbench and the flask, too.

. The glucoamylase is put into the flask, the water in which has been

tooled near 50 °C and is dissolved thoroughly. Then, the a-amylase is
added to the solution. Of course, the c¢otton plug which has been

takea off during the above operations, wust be put on again,

'So, the arrangezents are set. The enzymes solution can be injected to

a seed tank’ through the inoculation nozzle by the same way as the seed

inoculation.
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KOTE

Inoculating Method of Flask Seed to Seéd Tank

1.

The flask seed is cultured in the inoculating flask same és.illusirated
in Figufe. . - '
The rubber tube part of the flask is tighten fivrmly Qith a screwcock

for preventing the escape of medium.

Spray 70X ethanol on the stainless pipe of the flask. The cap of

the inoculation nozzle is loosened.

Take off the caps of the stainless pipe and inoculation nozzle. Spray
70% éthanol on both mouthes.

Insért the pipe of inoculating Flask into the ihoculation_nozzle and

inject the seed. When the seed has been injected, the valve ¢f the

“nozzle wust be closed. After veooving the pipe, the routh of the

nozzle is spraied with 70Z ethanol and also, the iaside of the cap of

the nozzle is spraied with 70Z ethanol.
Then, the cap of incculation nozzle is screwed to the mouth, again.

The sterilization of the inoculation nozzle accompanying the steriliza-
tion of the seed medium is desecribed below. Before injeécting steam
into a seed tank, the valve of the nozzle and the valve of the nozzle
cap are opened fully., With inspiring steam, the steam begins to

blow out from the valve of the nozzle cap. When the temperature of

the tank reaches too 100 °C, reduce the openiug of the valve of the cap.
Then, the tesperature becomes 110 °C, reduce the opéning further.

After 10 vinutes of maintaining at 110 °C, close the valve of the

cap first,
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6-6 Fermentation
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6-6 Fermentation .

6-6-1 Reception of Tank Seed

6-6-2

1)

2)

3)

The manhole, the sampling_valve (:) s the bottom valve (:) s the

valve (:) and the valve (:) in Fig. 6-6-1, of the fermentor
used are closed,

Opening the seed receiving valve (:) in Fig., 6-6-1, veceive the
tank seed in the fermentor.

Hhen the tank seed has been received

» close the seed receiving
valve (i) in Fig. 6-6-1.

Reéception of Saccharified Liquid and Fermentation

BT

2)

3)

&)

5)

The saccharified liquid is received in the fermentor where the

tank seed already bhas been.

Opening the saccharified liquid receiving valve in Fig. 6-6-1,
start the medium pump (P-102) for feeding the saccharified liquid.
50, the first reception of the saccharificd liquid (28.7 k1)

begins,

After receiving the liquid, close the valve in Fig. 6-6-1.

Open the valve on the air line (PA) in Fig. 6-6-1 and supply the
air from the sparger at the rate of 1000 N1/nin. into the fercen-
tor, regarding the indication of the metaltube rotameter, for 8

hours.,

The regulation of the temperature of the fermentor can be perform

ed by flowing the 1st water to the lower cooling coil.

Maintain the temperature at 32 °C,
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6)

7)

8)

9)

10)

T 11)

12)

13)

14)

15)

16)

17)

6 hours later after the first reception of the 1iquid has ended;
receive the second liquid feed (31.7 k1),

'When the second reception is Finished, the stirrér which is set

on the side wall of the fermentor is started.

6 hours later after the second réCebtién'of'thé“liQﬁid has ended,

receive the third liquid feed (31.7 ki).

After all, the yolume operated in”tﬁe'fermenfof will become 96.3 ki,

After the reception of the 3rd liquid feed, stop the stirrer set

" on the side wall ‘6f the fermentor.

Cool further the fermentor by Flowing Lthe lst water to the wvpper

‘cooling cofl.

Regarding ‘the Lhermometer inserted to the wall of the fermentor,
regulate the fermentation temperature by controlling the flow of

the lst water into the coils.

Regulate the temperature between 32 °C and 34 °C aé;possible as

" you can.

Usually, the fermeantation can be finished within 80 hours, so,
the end tice of the Fercentation in the wofking schedule is
decided to be 86 hours later after the end of the first reception

of the saccharified liquid.
Open the manhole of the fermentor.

Start the stirrer set on the side wall of the [erseator in order

"to mix the broth,

Open the bottom valve (:) and the vaive (E) in Fig. 6-6-1 and

start the main fercentor pump (P-202) for transferring the broth to
the sereen filter (K-202).

When the level of the broth in the fercentor descends to below
the propeller of the stirrer, stop it.
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18)

19)

20)

After the broth hag been transferred, close the valve ®

in
Fig. 6-6-1 and open the valve (:) in Fig. 6-6-1,

Wash the inside of the fernentor by a hose with the 1st water,
from the manhole.

Inspect the inside of the fermentor,
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6-7 Broth Out

6~7-1 Screen Filter

1)

2)

3)

4}

5)

6)

7)

Before transferring the broth to the screen filter (K-202) start
the stirrer of the fermentor,

The switches of the cozponents in the screen filter (X~202) are
put on in order, as following centioned,

1. Belt-Conveyer (K~203)

2. Screw-Conveyer (K-202)

3. Screw~Press {X-202)

4. Brush-Scraper {K-202)

Open the botton valve of the fercentor (5) in Fig. 6-6-1 gradua-
1ly and start the main fercentor purp {P~202) to send the broth

(8roth-1) from the fermentor to the screen f[ilter,

The broth is flowed on to the sieve of the screen filter.

The sludge rewains on the sieve and the filtrate drops down into

the broth pit (D-203). The sludge can be scrapped into the screw-

conveyer by the brush-scraper moviag on the sieve.

In the following, the filtrate is meationed as Broth-2.

The sludge is transferred to the screw-press by the screw—coaveyer
and is separated to extract and repnant by the hard pressure of
the screw-press. The extract dreops into the broth pit and the
remnant is sent out on the belt-conveyer (K-203) by the screw-

press. Then, the sludge is transferred to the sludge yard by the

beltéconveyer.

1f the flow rate of the broth-1 overcozes the capacity of the
screen-filtexr, the recovery of the broth-2 becozes worse. So, the
supply of Lthe broth-1 has to be controlled by the valve (:) in
Fig. 6-7-1,

Whea the broth-1 has been filtered, stop the main fermentor pump
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8) Stop the operation of the screen filter by putting off the

switches in order, as mentioned below.

(:) Brush-Scraper
@ Serew-Press

(3) Screw-Conveyer
(i) Belt-Conveyer

6-7-2 Broth Tank

1)

2)

3)

4)

(K-202)
(K-202)
(K-202)
(K-203)

Open the broth-2 rveceiviag valve in _l-;ig. 6-7-2, of the broth
tank (D-203) and close the bottom valve (ED in Fig. 6-7-2, of

the broth tank.

The broth-2 ia the bretn pit {B-203) is
tank (D-203) by the broth pump (P-203).

of the filtvration.

So, the Lransfer rate of the broth-2 is

(¥) of the broth pump in Fig. 6-7-1.

The transfer rate of the broth-2 has te

transferred to the broth

be balanced with the rate

controlled by the valve

Rhen the broth-2 has been transferred, étop the broth punp and

close the broth-2 receiving valve (g)

broth tank.
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6-8 Distillation
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6-8 Distillation

6-8-1 Operation with Water

1) Afrangements for operation with water

®

@

@

Supply the 1st water for sealing to the mash column bottom

punp (P-301) and the concentration column bottom pump (P-302).

The controller of broth feed (FIC-301) is put on. Start the
broth feed pump (P-204) and send the Znd vater to the mash
column (C-301) from the valve (€) in Fig. 6-7-2.

The 2nd water which has entered into the top of the mash
coluxn drops down through each tray, staying there for a
certain time, to the bottom of the columa, Then, the 2od

water can be discharged through the valve {gD and the valve
(©) in Fig. 6-8-1.

Making sure of Lhe discharge from the valve (:) in Fig. 6-8-1,

stop the broth feed pump (P-205) and close the valve (:) in
Fig. 6-7-2,

Flow the Znd water to the overhead condeaser (E-302), the vent

condenser {E-303) and the product cooler (E-304).

The instruments other thaa the FIC-301, for centrolling the
distillation system are switched on. They are LIC-302, FIC-303,
TIR-304, LIC-305 and TIC-307.

The valve (:) of the rotaceter FI-308 in Fig. 6-8-1 is closed
and the valve (:) of the rotaceter FI-309 in Fig. 6-8-1 is
opened, These operations are performed to recycle zalcohol
vapor containing water vapor for concentrating the alcohol

vapor. The recycling process is called as “"reflux".

The hand-operation valves are made to be opened or closed

according to indications,
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2) Operation with Water

(D) set the TIC-307 to control the temperature of the bottom in
the mash column at 100 °C. The injection of steanm into the

mash column bottom has to be performed gradually.

(i) ‘The steam raises the temperature of the inside of the column

gradﬁally.

(i) Still, the rising of the temperature continues. And the

water in each tray of the mash column begiﬁs to boil.

(:)' Moreover, the steam can extead to the foam breaker (D-304),
overflowing from the top of the pash column. Next, the stean
comes out from the top of the foam breaker and goes down into

:the bottom of the concentration column (C—302).

(:) In the foam breaker, some of the steam can be condensed to
form water and it goes out from the bottom of the foam breaker

and enters into the top of the mash coluan.

(:) The steam which has entered iato the concentration column rises

along the column and makes the whole column hot.

(:) Set the FIC-301 ro control the feed rate of the 2nd water at
1 kl/hr and make the broth feed pump (P-204) start for supply-

ing the Zad water to the mash coluan,

At the bottom of the concentration column, the valve ® in
Fig. 6-8-1 is opened and the valve (G} in Fig. 6-8-1 is
closed.

(:) Start the.mash colusm botton punp (P-301),

(3? Make the pre-heater (E-301) ready to use, by operating the
valves,

(:D Raise the set point of the TI1C-307 gradually and the tempera-

ture of the mash column can rise slowly.
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(}B TIC-307 is controlled so that the temperature of the top of

the mash column is stabilized at 95 °C.

6-8-2 Mash Coluan

1)

2)

3)

4)

5)

6)

7

Continuing the operation with water, the temperature of the top

of the mash column, which can be wmeasured by the sensor TE—30&—(:)
reaches to 95°C,

>

If the fluctuation of the temperature is a little, the 2nd water

fed to the mash column ¢an be exchanged with the broth-2 from the
broth tank for beginning the distillation,

The broth-2 is warced to about 80°C in the preheater with the
waste water fron the mash column and is sent to the top of the

mash column,

)
The broth-2 sent to the top of the mash coﬁnmngpes down Lthrough

each tray of the column,

The alcohol vapor generated from the broth-2 acts similar way as

' that of the steas mentioned in clause of 6-8-1 "operation with

water'",

The waste water at the bottor of the mash column passes through

the valve in Fig. 6-8-1. Then, the waste water is sent to the

' pre-heater by the mash column bottea pump (P-301) aund warams the

broth-2 there. Finally the waste water is discharged into the

waste water tank {D-303).

The waste water level at the bottom of the wmash column is contyoll-
ed with the LIC-302,

Gradually, increase the feed rate of the broth-2 and lix the
c¢onlrol point of the FIC-301 at the directed value (3.8 kl/hr).

The fluid accunulating at the botton of the concentration colunn
is recycled to the top of the wmash column by the concentration
column botton pump (P-302).

So, start the pump (P-302).
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6-8-3

8)

9)

The mash column is operated uander these conditions.

broth feéd rate .‘3.3.kllhr
tenperature of feed broth 80 “°C

teaperature of column

top (T8-304-3)) 9% ¢
middle (TE-304() 102 °¢
bottom (TE-3044D) ~ 108 °C

The temperatures of the column are recorded on the chart of the
recorder (TJR-304).

Concentration Column

1)

2)

3)

&)

5)

The alcohol vapor from the mash column enters to thée bottom of the
concentration volumn and rises through each tray along the column.
Then, the vapor goes out from the top of the coluon and flows into
the overhead condenser (E-302), in vhich the vapor is cooled to be

condeansed with the 2nd water.

The mixture of vapor and liquid of the ethanol cooled in the
overhead condenser, is further cooled in the vent condensery
(E~303) with the 2nd water.

The regulation of teaperatures in the two condensers can be
conducted by controlling the flow rate of the 2nd water regarding
the indicationsiof the two therwometers, TI-343 and TI-347. So,
vegulate the TI1-343 at 74°C and the TI-347 at 70°C.

The ethanol cooled in the vent coﬂdenser returns to the top of

the concentration column through the metal tube rotameter FI-309.

The three valves which are set at the 2]1st, the 23rd and the 25th
tray of the concentration column, respectively, are opened to

extract the components having high boiling points, continvously.

The extracts are cooled in the fusel cooler (E-305) and traasferred

to the fusel decanter (D-301) by the fusel discharge pump (P-306).
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6

7y

8)

9)

10)

11)

In ‘the decanter, the fusel oil in the liquid separatés to the upper

part; so the fusel oil ¢an overflows from the decanter into the

fusel ofl tank (D-302). The lower part of the liquid returns into

the bottom of the concentration column,

Make the flow rate of the reflhx, which is indicated in the rota-
meter FI-309. become to 1340 L/br., by controlling the TIC-307
which regulales the FIC-303 vhich regulates the injection of steanm
into.the mash column,

Whea the indication of the rotameter FI-309 becomes 1340 Y fhr.,
open the valve (:) ia Fig. 6-8-1.

50, a portion of Lhe reflux can be removed as product and it goes
inte the prrduct cooler (E-304). The rate of reTﬂvai from the

reflux must be regulated at 335 l/hr., regarding the indication of
the rotameter FI-303.

The ethanol cooled to 35°C in the preduct cooler is measured of
its volume continuously with the voluzetric flow integrater
FQI-310, So, the ethanol which has been measured of its volune

can be taken as product of 95%V/V ethanol.

The product ethanol is transferred into the alcohol checking tank
(D-305).

The concentration column is operated under these conditicons

wentioned below.

teaperature of column

top (IE-304(6)) 79 °c

middle (TE-30%(5) ) 84 °C

bottom (TE-304() ) 95 °C
teaperature of reflux 70 °C
teaperature of fusel cut 28 ~ 90 °C
flow rate of reflux (FI-309) 1340 1/hr.
flow rate of product (FI-308) 335 i/hr.
ratio of reflux to product 4.0
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12)

13)

14}

After making sure that the concentyration of the product ethanol in
the checking tank is over 95 ZV/V, it is transferred to the alcohol
storage tank (T-301) by the traasfer pump (P-303).

If the concentration is below 95 ZV/V, the ethanol must be trans-
ferred to the broth tank (D-204) by the transfer pump (P~303). It
is nixed there with cthanolrfermentation broth and will Be distill-
ed again,

The temperature of the column are recorded on the chart of the
recorder ﬁTJR—304).

6-8-4 Stop of Operation

1)

2)

3)

4)

3)

The product ethanol in the checking tank is transfcrred to the

storage tank to avoid’ entrance of the diluted alcohol by water

distillation.
Exchange the feed of dbroth-2 with the feed of the 2nd water.

Waiting for a while, the temperature of the top of the mash coluzn

begins to rise.

‘Also, the concentration column takes similar changes, Then, the

water portion of the vapor in the concentration column increases.

The vapor of low concenkration of étbanol in the column is cocoled
to liquid with the condensers and the cooler. The liquid goes

into the alcochol checking tank (D-305) through the by-pass of the
FQI-310.

If the concentration is below 95 iv/V, the ethanol wust be tyans-
ferred to the broth tank (D-204) by the transfer pump (P-303). It

is mixed there with ethanol ferceatation broth and will be distill-
ed again.

When the temperature of the top of the mash column reaches to 100°C,

that of the concentration ¢oluon may have becore near 90°C,
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6) When the starts of the two columns become similar as now mentioned,

decrease the supply of stean graduaily and finally stop it by
controlling the TIC~307.

?)'cStop the mash column botton pusp (P~301) and the concentration
column bottonm pump (P-302}.
8) Cease td supply of the 2nd water by stopping the feed puap (P-20%).
9) To preveat vacuum from forming in the columns, open the exhaust
vialves of the'columns and the lines. -
10) Steop the supplies of the 2nd water to the condensers and coolers.
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Fig 6-8-2 bpistillation
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6-9 Shipping of Product
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6-9 Shipping of Product

The product ethanol in the glcohol storage tank (T-301) can be loaded to

tank lorries along the product shipping line by the product pump (P-304) in
Fig. 6-8-2.
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7. Action for Emergency
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7-1 General

The effects of the troubles urgent such as stops of supplies of electricity,

steam, air, water and so on in the plants on working, the actions for

those emergéncies and the starts of operations after restoration from those

troubles will be discussed in the viey of protecting equipment and main-

taining processes normal.
The emergencies happen not only at single equipment and/or process, but

also in more than two equipment andfor processes conconitantly, So, the

states of emergencies vary according to cases.

1f energencies should happen, first, the protection of the equipment must
then the actions for saving the processes from

should be taken.

be performed, losing ruch

Se, operators should be learned in the effects of

émergencies and the actions to be done for them. And the operators must

take the proper decisions and actions to preveat other erergencies from

being induced, in the scenes of emergencies.
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7-2 Action for Emergency and

Start after Restoration
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8. Analytical Methods
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8-1 Raw Ma terialg
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d-1-1 Section: Raw Materialg

Item Moisture

Flow Diagram

)
U

105-106°C
. 3 hrs,

SN

L

°T)
U

£z —
=::.‘1 10 __Ij___lf

l‘// .

}_E?s.

2

. [l

105-106°¢C
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Fquiprent and Reagents

Chemical balance
Flectric mixer
Drying oven
Desiccator
Yeighing bottle
Knife

Beaker



- Procedure

3

Préparatidn of saaple

ﬁewoﬁe the sand and soil on the suvrface of raw material.

1.

2. Quarter the sample with a knife

3. Crush a ﬁiece of quatered sample using a electric mikér,
Determination

4. Dry a weighing bottle with cover in a electric drjing'bven'

10.

(105 - 106°C 3 hrs.) and desiccator (30 min.).

weiph the cooled weighing bottle with cover on a chemical balance.

cenes A gf.

After mixing the crushed sample sufficieatly, take about 10g of the

sapple into the weighing bottle and weigh with cover. e B ogr.

Dry the sample to constant weight at 105 - 106°C for 3-5 hrs. in a

drying oven.

Remoye the bottle from the oven, and place into a desicator with

over replaced on the bottle,
Cool for 30 mia. in the desiccator and weigh. ..... € gr.

Calculate the coisture and dried ratter content of samplé as follow.

Moisture(Z) = -T - x 100
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8-1-2 Section: Raw Materials

Iten :  Tetal Sugar

Flow Diagpgg_

®

20%Na0y

2

5ok

500m1

Reducing-Sugar

250m1

peteminatio

-195-

Electric mixer

Balance

Water bath

200m1 gradvated cylinder
250,500m) volurmetyric flask

10, 20, 100al volumetric pipet
CGlass tube condenser

Funnel

560 nl rounded bottom flask

100 =1 beaker

‘Filter paper or cotton cloth

25% HC1 sol.
20% RaOH sol.

pH test-paper



Procedure

*

Preparation of sample

1.

Same as in the method of "Raw material; Moisture"

Deteraination (Hydfﬁijsis process)

2.

3.

10,

1.

Weigh 10g of sample in a 100nl beaker using a balance.

Put the sample into a round bottém_flaskiaﬁd 200ml of distilied
water ahd 20mt of 25% HCl sol.,i(ﬁasﬂ'thé used beaker witﬁ a portion

of distilled water an&-together into the 500 mi flaéﬁ).
Set a glass tube condenser on the flask.

Hydrolyze the sample for 2.5 brs. in a boiliag water bathdi;
Affer hydroiysis, cool the samp;e-ib f;nning water,

Neutralize the sample with 20% NaOll sol. in the range of ph: 6 — 7

using pH test paper.

Fill up to 500al with distilled water using a 500ml voluzetric

flask.

Filtrate the diluted sample using a funnel with filter papéf or

cotton cloth.

Take 100ml of the filtrate by a 100wl voluzetric pipet and dilute

again to 250al using a 250wl volucetric flask with distilled water.

Determine the sugar content using 10ml of the diluted sanple by the

"8-2-1, Reducing-sugar Detersination™.

~-196-



8-2 Process Analysig
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8-2-1-1 Section: Process Analysis

Tten :

Flow Diagram

@.

DOn
sol, A : _
10:) Sample Total 30ml
i "
/N = !
LI :

@)"7@

:>

74

l -
sol _l?.\ 2“-"“250‘1 H
‘ 10a} 10al

1% starch

i& drops
" ér"

Yellow Blue Clear

END

Reducing Sugar (Moadified Somogy's Methed)

Erlenzmeyer flask 100 =1
Volumetric pipet 1, 5, 10 al
Craduated pipet 20 ml
Burner or Hot plate

Hire net with asbestos

Buret 25 =l

Solution A,

Solution B.

IN-H,550; sol.
0.05N-Sodiu-Thicosulfate sol,

1Z soluble starch sol.



Procedure

Modified Somogy's Method

1.

10 ml of so0l. A and the propér quantity of a sample (5 v 25 mg as

~glucose) are_put'into a 100 ml Erlenmeyer flask. And distilled_waier

is added to the mixture to make the total volume of the mixture to

30 ml by a graduated'pipef.

Heat the nixture by a burner or a hot plate to boii Hlthln 2 mlnutes.

And naiatain the b011ing exactly for 3 ‘minutes.

Soon after, cool the mixture witl a running water. In this operation,
don't disturbe the pixture, not to éxpose the copper precipitate to

oxygen in air.

10 m} of sol. B and 10 ml of 2N-H3S04 sol. are added to the mixture

and are well mixed by shaking.

Iczediately, the mixture has to be titrated with 0.05N-sodiuvm-
thiosulfate sol., 1% soluble starch sol. is used as indicator. When
the colour of the mixture begins to be faded with the proceeding of

the titration, add 5 drops of the indicator to the mixture.

At the time when the blue colour of the mixture disappears,‘the
titvation is ended. The amount of thé titrant required is V ol. The
blank test is conducted samely then the azount required for the blank

test is V'ml. The quantity of reducing sugar in the sanple is cal-
culated as below. |

1.449 (V'-V) mg as glucose
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Preparatjon of Reagents

Sol, A
Rocbelle salt (Na,K-tartrate: NaKC4Hz04- 6H20) 20 g
Sodiumphosphate tyi-basic (Na3PQ, - 12H,0) 225 £

D13501ve above two chepicals into about 600 mi of distilled water.

Cupric sulfate (CuS04-5H0) 30 g,

ed water,

dissolved in abont 100_m1 of distill-
Potassiun iodate (KIO3) 3.5 g, dissolved iu 100 ml distilled water.

Add the above two solutions to the first mixture and fill up the
solutlon to 1 L finmally with distilled water.

Sol. B
Potassium oxalate (X3Cy04-H,50) 90 g
Potassivm iodine (Ki) 40 g

Dissolve above two cheamicals with distilled waler and make the volure
to 1L,

0.05N-sodius-thiosulfate (Xa35,03-5470) sol.
Sodium-thiosulfate (Na3S303-5H20) 24.87 p
Sodive carbonate anhydrous 0.2 g

Dissolve the two chemicals to 1 L of distilled water.

Stock it in an asber reagent bottle at cold and dark place,

1 7 Soluble starch sol.

1 gram of soluble starch is kaeaded with soze water and is added into

100 ol of boiling distilled water.

Bissolve completely and boil for 1 minute. If necessary, the solution

can be filterated with gauze.
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8-2-1-2 Section: Process Analysis .
Item : Reducing Sugar (Somogy Method)

Flow Diagran ‘ g Equipment and Reagents
(:) (:) . - Test tube with stopper 50 ml
Copper . ) P
 reagent Volumetric' pipet 1, 5, 10 mi
¢ 10ml | Water bath
Burete 25 wl

Copper:reageht

IN-H2504 sol.
0.0058-sodiun-thiosulfate sol,

1 Z soluble starvrch

IR- HzSO,;

Shake

ml

| _ .
Stand Q. 005KR-sodium- 0 2.0

thiosulfate

rg/el
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Procedure

Somogy Method

1.

1 ml of a sample (0.5 v 2 mg/nl) is put into the test tube
(50 m1, having a stopper)

10 w1 of copper reagent is added to the saople in the test tube. And

the rest tube is Plugged with fts stopper.
The mixture is boiled for 20 pinutes in a water bath.
Then, the mixture is cooled with a ronning water.

The mixture is added with 5 nml of IN-H3504 sol, and is mixed by shak-
ing.

Stand it for 5 minutes,

Titrate it with 0.005N-sodivn-thiosulfate sol. The procedure of the

titration is similar as modified Sowogy's method (the clause 8-2-1-1).

The standard samples of glucose are treated same as the sample. Their
cdncentrations are 6, 0.5, 1.0, 1.5 and 2.0 mg/ml. Plot the amount
of titraat to the concentration, so the standard curve can be obtained.
Then, the concentration of the test sapple can be read out from the

standard curve,
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Preparation of Reagents

a. Copper reagent

Sol. A 7 g of potassium iodine (KI) is dissolved in 1200 ml of
distilléd water. And 200 g of anhydrous sodium sulfate
(NapS0z) is dissolved to the solution gradually.

Sol. B 25 g of Rochelle salt is dissolved in 200 nl of distilled
water. And 25 g anhydrous sodium carbonate (N32C03) is

dissolved to the solution gradually.
Sot. ¢ 1.6 g of KaOH is dissolved in 100 ml of distilled water.

Sol. B 13.15 g of cuppric sulfate (CuSQ4*5H0) is dissolved in 100 pl
of distilled water. '

Sol. £ 0.75 g of potassium fodate (KI103) is disselved in 100 ml of
distilled water.

Join the 5 solutiens in this order, stirring them. And fill up to
1800 mk then stir for 5 minutes. Heat the solution at 95 % 100 °C for
30 minutes in a water bath. After standing at voom temperature over
night, the solution is filtered with paper filters and is stocked im

an amrber reagent bottle at a dark and cool place.
g P

b. 0.005N-sodium—thiosulfate sol.

Dilute the 0.05X-sodiuw-thiosulfate sol., prepared in modified

Somogy's method, 10 times.

¢. 1Z Soluble starch sol.

Sarme as the preparation of modified Somogy's wmethod.
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8-2-1-3 Section:

Iten :

Process Analysig

Reducing Sugar (DNS Reagent Method)

Flow Biagram

® @
DS
¥eagéent
I m

>

G

®
Sample
1 ml

o

LY

té,E‘lash nixer

(:) Glass bead

H%%%
i

s
=)
X

|

Spectro
Photometer
0.D.

Reaction
oixture

\

Flash Mix,

~

550n-

Equipzent and Reagents

Test tube Small
Voluretric pipet I ol
Graduated pipet 25 m}

Class bead cover the Yip of the
T.Tube

Spectro-photoreter
Glucose standard solution
DNS Reagent

Flash mixer

water bath



Procedure

10.

Bigpense the DNS reagent into the small test tubes by the 3 ml.

1 ol of a properly diluted sample {containing 0.5 mgf/ml as glucese) is
added to the veagent dispensed,

Mix well with a flash mixer.

The mixture is boiled in a water bath for 5 minutes, being covered on

the mouth of the Cest tube with a glass bead. Brown colour appears.
Cool the mixture in running water.

/7, 8, 9

Dilute the coloured reaction mixture 5 tices with diétilied water.

Heasure the absorbance at 550 nn,

The concentration is read out from the standard curve (0 a,153§]m1 as
glucose). Usually, standard samples are measured every one set of test

samples,

DNS Reagent

Distilled Hater 1416 =1
3.5-Dinitro-Salicylic acid 10,6 ¢
NaOH 19.8 ¢

Mix the above three cheamicals and dissolve then thoroughly.

Rochelle Salt 306 g
(Na-K-tartrate)
Phenol (melt at 50 °C) 7.6 nl

Add the above two chemicals and dissolve.

Then the solution can be stocked at room temperature.’
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Before using the solution, add Na-meta-bisulfite (Nap055,) at 0.5 %

W/V concentration to the solutfon,
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8-2-2

Section: Process Analysis
1tem : Total Sugar

Flow Diagram

8-1-2 Method \\\\

Hydrolysis
\\-_ /

8-2-1 Method \

Reducing Sugar

Deterainatiij//////

S
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Refer the 8-1-2 rethed
and the 8-2-1 sethod



Procedure

Apply the 8-1-2 and the §-2-1 nethods.

1. Hydrolysis step

50 wl of a sample is taken with a graduated cylinder and is put into

a 500 o1 round bottom flask. Then, the sample is treaféd according to
the 8-1-2 method,

2. Reducing sugar determination

The hydrolyzed and neutralized sample is diluted to the proper concent-
ration.

Then, the sample is determined of its sugar content according to the
8-2-1 rethod. .
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8-2-3 Section: Process Analysis
Item ¢ Acid Value

Flow Diagram

Phenol-phthalein

F—0.1 n-NaoOH

~230-

Equipment and Reageats

Volumetri¢ pipet 10 mi
Beaker 100 ol

Burette 50 nl
with 0.3 m»! Scale

Phenol phthalein sol. 1 %
o.1N-NaOH sol.



Procedure
% Pretreatment of broth

1. Filter a sample with g paper filter,

# Determination

2. Take 10 o} of the filtrave with a voluzetric pipet.

3. Puot the filtrate into a 100 nl beaker.

Add a few drops of Phenolphthalein sol. to the filtrate as indfca-
tor.

5. Titrate the filtrate with Q. IN-Nao4 sol. till the point of colour

appearance as ¢end of titration.
6. Acid value is expressed as ml of 0,1N-Nz04 sol, required to

neutralize 10 nl of broth.

Acid value = 0.1X KaoH (&l)
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8-2-4 Section: Process Analysis

item : Cell Nunmber

Flow Diagram Equipnent and Reagents

(:) (:) Volumetric flask 100 ml
Volumetric pipet 1, 10 ml

o .

Pasteur pipet

Hemacytozeter {Thorma's)

=
( ) Cover glass for Hemacytometer

Hicroscope

Counter

@
i

::E?i:gﬁ;er qlass

] NHematytoreter

®

Hicroscopic
Observation

u

N
<
o
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1, 2 Dilute a broth with distiiled water

s $0 as the c¢cell aumber becomes
near 107 cells per ml.

A portion of the diluted broth is taken off with a Pasteur-pipet.

A hemacytometer and a cover glass (specialized for hemacytometer) are
pressed cach other with fingers so as for them to adhere firmly.

The diluted broth is supplied to the space between the hemacytometer

and the cover glass with the Pasteur-pipet.

The depth of the space is 0.1 rn.

The hemacytometer is put on the slage of a aicrascope,

Microscopic view of a hemacytometer.

The lines are cul on at 0.05 e spaces to one ansther. The cetl

n¥mbers in the five squares are counted.

The cells on the upper and the right lines of a square can be counted
and those on the down and the left lines pust not be counted. In the
case of Pig-(i) y the cell nurber in the square is six. The space
which has 0.05 @ length, 0.05 r width and 0.0! ©» depth, has 0.00025
wm3 of volume. If the average <cll ousber of the five squares is

5.2 celis per ml, the cell suspeasion contains

33
5.7 x k“}f1j¥%___ cells per ml, nawely 20.8 % 100 cells/nt.

0.00025 wxd
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8-2~-5 Section: Process Analysis
Item t Ethanol

Flow Diagram Equiprent and Reagents
Alcohol distillation apparatus
200 ml graduated cylinder

500 ml rouud.bottom flask

‘Alcohol meterx

50-60| == d = Thermometer
ml -,
wash 10% NaOR sol.

Pistilled water

101HaoH

N

e
u

7

-

Fill vp uix
to 200l

-2Y4-



1.

Procedure

Take 200 m! of sample into a 500 i round bottom flask using a 200 ml
graduated cylinder,

Hash the used cylinder with 50 ml of water, and put the washing water
into the flask together.

Newtralize the sample with 10% NaOH sol.

Connect the flask to a Licbig-condenser with connecting tube,

Distill and take at Least 150 ml of distillate into a 200 ml graduated
cylinder.

Fill up to original volume of 200 wi with distilied water.

Shake well for mixing, and reasure the alcohol volume percent using

an alcohol-neter.

Read the temperature of liquid in the cylinder at the same tipe.

The alcohol volume percent at 15 °C is derived from the Gay-Lussac

conversion table.
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Tab.-8-2-1 Gay Lussac's table

Atcohol
Heter ﬂ
CccIN{ 0 )1 2 3 4 5 6 7 8 9 30 11 12 13
15 1.0 2,0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 1.0 1é.o 13.0
w | o.;ﬂ:;__z:;“aj_as.e. 5.9 6.9 7.9 8.9 9.9 10.9 11.9 12.9
17 0.8 1.8 2.8 3.8 4.8 5.8 6.8 7.8 8.8 9.8 10.8 11.7 12.7
18 0.7 1.7 2.7 3.7 4.7 S.7 6.2 7.7 &7 9.7 10.7 1.6 12.5
19 0.6 1.6 2.6 3.6 4.6 5.5 6.5 7.5 8.5 9.5 10.5 11.4 12.4
20 0.5 1.5 2.5 3.4 4.4 5.4 6.4 7.3 8.1 9.3 10.3 1.2 12.2
20 | 0.4 1.4 2.3 3.3 4.3 5.2 6.2 7.1 8.1 9.1 101 110 319
22 0.3 1.3 2.2 3.2 4.% S.1 6.1 7.0 7.9 8.9 9.9 10.8 11.6
23 0.1 1.1 2.1 31 4.0 4.9 5.9 6.8 7.8 8.7 9.7 10.6 11.5
24 1.6 1.9 2.9 3.8 4.8 5.8 6.7 7.6 8.5 9.5 10.4 11.3
25 0.8 1.7 2.7 3.6 4.6 5.5 6.5 7.4 8.3 9.3 10.2 11.1
26 | 0.7 1.6 2.6 3.5 4.4 5.4 6.3 1.2 8.4 9.0 9.9 108
27 0.5 1.5 2.4 3.3 4.3 5.2 6.1 7.0 7.9 8.8 9.7 10.6
28 0.3 1.3 2.2 3.1 4.1 5.0 5.9 6.8 7.7 8.7 9.5 10.3
29 0.1 1.1 2.0 2.9 3.9 4.8 5.7 6.6 7.5 8.4 9.2 10.}
30 0.0 0.9 1.9 2.8 3.7 4.6 5.5 6.4 7.3 8.1 9.0 9.8
_;:l— — # o.é_ 1.8 .;j;"”;t;-f;j;-‘;j;A_;t;__ 2.0 7.8 8.7 9.5
32 6.7 1.7 2.5 3.3 4.2 5.0 5.9 6.7 7.5 8.4 9.2
33 0.6 1.5 2.3 3.1 4.6 4.7 56 6.4 1.2 8.1 8.9
34 0.5 1.3 2.3 2.9 3.8 4.5 S.4 6.2 1.0 7.9 8.7
s 0.3 1.} 1.9 2.7 3.5 4.3 5.2 6.0 6.8 7.6 8.4
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8-2-6 Section:

Process Analysis
Item : pR

Flow Diagram

pH 6.86 pil 4.01

V/

Test sample

Front View of pH reter

O C O

Termp Sens Zero
CORR ADJ ADJ

@

bl

KC1 saturaved

=217~

Standard solution
pH 4,01
pH 6.86

Distilled water

Tissue paper

pH ceter



Procedure
* Two points correction
Wash-a electrode with distilled water and wipe drain with tissue paper.

L. pH 6.86 adjustment

Standard sol. of pH 6.86 is put into 3 beaker.

The top of the electrode fs submerged in the solution.

The indication 6[ the pH wmeter has to be'adjusted to 6.86 with the
ZERO ADJY koob.

2. pH 4.01 adjustment

It may be performed similar a3s above; except adjust the indication
to 4.01 with the SENS ADJ knob.

# Measurement of sample

3. After two poinls correction, a sample can be ceasured as above and

read out the indication.

% Preservation of electrode

4. Subzerge the top of a electrode in KCl saturated sol,
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8-3 Product
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Tab, -8-3-1

Gay lussacts tabile

-222--

Alcohol
Mcter

oc \{0) 90 91 92 93 94 95 96 97
15 | 90.0 91.0 92.0 _53.0 34.0 95.0 96.0 97.0

" 46 | 89.7 90.8 o1.8 2.8 o938 94.8 95.8  96.8
17 89.5 0.5 91.5 92.6 93.6 94.6 95.6 96.6
18 89.2 80,2 91.3 92.3 '93.3 94.3 95.4 96.4
19 88.9 90.0 91.1 92.1 93.}) 94.1 95.2 96.2
20 | 88.7 ~89.7 90.8 91.8 92.9 939 . 95.0 96.9_—4
21 88.4 89.5 90.9 91.6 9;;6 “ 93.7 94,7 _";;j;
22 8B.1 89.2 90.2 93.3 92.4  93.4 94.5  95.6
23 87.9 89.0 90.0 91.1 92.1 93.2 94.3 95.4
24 87.6 80.7 B9.7 90.8 1.9 93.0 94.1 95.2
25 87.4 88.4 83.5 99.6 91 .6 92.1 93.8 94.9
26 87.1 88.2 89.2 90.4 93 .4 92.5 93.6 94.7
27 86.8 87.9 89.0 90.3 91.) 92.2 93.4 9.5
28 86.5 87.7 88.7  89.8 90.9 92.0 93.1 94.3
29 86.2 87.3 88.4 89.5 90.06 91.7 92.9 94.})
30 86.0 87.1 88.2 89.3 90.4 91.% 92.7 93.8
n | 85.7 se.e 87.9 9.0 90.2 9.3 92.4 935
32 85.5 86.6 87.8 84.9 90.0 91.1 92.3 33.4
33 85.2 86.3 87.4 88.6 89.7 90,8 91.9 23.1
34 g84.8 85.9 87.1 88.2 89.4 90._% 91.¢ 92.8
35 84.6 85.7 B6G.9 8.0 89.2 0.3 91.% 92.¢




8-3-2 Section: Product

Ttem ! Fusel 0i1

Flow Diagran
®

Vanillin-
Sulfuric acig

\ Sol. 4m]

Standard

0 0.00i~9.00
.10

Equipment and Reagents
Test tube
Graduated pipet I, 2, 5 m
Hater bath
Vantllin-Sulfuric acid sol,

Isoamylalcohol SiD. sol.

0.001 ~ 0.01 2 Wy

H/Y
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Procedure

i. 0.2 m} of a sample is put into a test tube.
2. 1.8 ml of distilled water is added to the sample.

3. 4 mi of Vanillin-Sulfuric acid sol. is added to the mixture gently
along the wall of the test tube.

4., Mix well by shaking and heat the mixture exactly for 3 minutes in

a boiling water bath.
5. Cool the mixture with a running water.

6. 2 pl of distilled water is added to the nixtore and'thehmixture is

shaken to develope the colour appearance.,

7. 15 wminutes later, compare the colour with those of the standards
which have been concomitantly treated same as the sample and deter-

mine the concentration.

Preparation of Reagents

a. Vanillia-Sulfuric Acid sol.

vanillin (CH40:CeH3(OH)-CHO ) 0.5 ¢

Conc. sulfuric acid 100 ml

0.5 g of vanillin is dissolved with 100 ml of conc. sulfuric
acid then the solution is stecked in an amber reagent bottle.

Never use the reageot old over 10 days.

b. Isocamylalcohkol Standavd sol.

Iseamylalcohol ( (CH3)oCH,CHHCH0H ) 81 &g
95 ZV/V Ethylalcchol 1000 @1

(Vanillin-Sulfuric acid reaction is not detected with
the ethylalcohol)
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81 mg of isocamyl
ethylalcohol,

alcohol is dissolved with 1000 nl of 95 FAT A

So, the concentration becomes 0,01 FANT A

The series of standard concentrations from 0.001 to 0,01 ¥4/
has to be nmade,

The nmethod is described, in followings.

A parts of 0.0l ZK/W isoamylaleohol sol. and B parts of 95

Z@/¥ ethylalcohol are joined.
fixed at 10

Khen the sum of A and B is

s the nculy established concentration becormes as
below.

A i v
0.01 x “"‘1“5— FAST AN,

So, the series of concentrations of 10 steps can be easily
obtained,
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8-2-3 Product

Free Acids

Section:

Item :

Fiow Diagram

®

Sample D'
50mi1

|/
@

5 drops

1t Phenolphthalein

A,

|

LULSURLIE USRALRAL @¢

-226-

Equigggﬂg and ggggcnts

Erlenmeyer flask 250 ml
Volumetric pipet 50 ml
Buret 10 ml

Phenolphthalein 1 7 sol.
1/50N-NaGH sol.

Depgased cold distilled water

by reboiling and cooling.



Procedure

l‘

50 ) of a sample and 50 @l of the depased cold distilled water ave
put into a 250 ml Evleameyer flask.

5 drops of the phenolphthlin sol. are added to the mixture.

The mixtuere is titrated with 1/50N-Ra0H sol. till the point when

the mixture is coloured red slightly. The amount required for the

neutralization s V ml.

The conceatration of free acids is calculated as below.

!_523;2912 x 100 {(ZWf@ as Acetic acid)
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8-3-4 Section: Product

1tenm :

Flow Diagram

120xmgs dish
Sample 100ml—»20nl
N

g ¥

010)

30wyt dish

20n1—Dry residue

fesiccator Chemical Balancc

Non Velatile Residue

-228-

Equiprent and Reagents
Evaporatihg'dfshr 30,120 wmd
Graduvated cylinder 100 ml
Water bath

Surport fo; thé.&ishes

Washing Bottle'with distilled water
Dry oven

Chemicéi balance

Desiccator



Procedure

i.

Take 100 ml of a sample with a graduated cylinder of 100 ml and put
fato a evaporation dish with 120 oirh,

Evaporate the sample near 20 m! on a water bath and transfer the

content to the swaller evaporating dish with 30 mwd, throughly by
washing with some distilled water.

The smaller evaporating dish has been weighed of its dried weight
by a chemical balance before use.

Tts weight is A mg.

The sacple is dried up on the water bath.

The sawmple dried up is further dehydrated to the constant weight in
a day oven at 1085 ~ 110 °C.

The dish is c¢ooled in a desiccatar.

The weight of the dish including the dried sample is weighed by the

cheoical balance and is B =g,

So, the concentration of non volatile residue is calculated as
(B-A) mg in 100 wl.
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8-3-5 Section: Product
item : Aldehyde

Rlow Diagram . Fquipment and Reagents

Erlenmeyer flask with stopper
(200 =l)

voluretric flask (1000 ml)

Bulet '(Bfownfcolof,ré ml; 0.02 nl
. graduated)

Sodium bisulfite

Potassium iodine
" Todine

$tarch (soluble)

Hydrochloric acid
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Procedure

Take 10 ml of sample in a Erlenneyer flask with stopper.

Add 40 ml of DIW and 2 ml of 0.1 sodium bisulfite sol. on it.
Shake it and allow to stand for 30 min. at room temperature.
4, Add 2 ml of starch sol. (1 Z} before titration.

5. Titrate with 0.} N fodine sol. until its color turns nearly to blue

color.

Titrate with 0.01 N iodine sol. until its color turns to blue color.

7. Add the power.of sodium bicarbonate and let the excess solid leave

in the solution. (pH 8.0 in the solution)

In this case, blue color of iodine-staréh is disappeared.

Once rore, tityate with 0.01 ¥ iodine sol. until the blue color

eaiatains for a while.

9. Calculate aldehyde by the followiag cquation.

Aldehyde (op/100 nt)

Il

{ml of 0.01 N iodine sol. used at the

second time )} x 2.2

a. 0.1 N sodiunm bisulfite sol.
Dissolve 5.20% g of sodium bisulfite (NaliS03) to 1000 =l with DIW.
Store in a brown colored bettle,

This sol. should not be used over 2 weeks.
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0.1 N iodine sol.
Dissolve 40 g of potassium fodine (KI) to 25 ml of DIW.

Add 12,6 g of fodiae (I,), and mix well to dissolve it. Dilute to
1000 ml with DIW.

Add 3 dfops‘OE hydrochloric acid.

Store in a brown colored bottle.

0.01 N ijodine sol.

Dilute 0.1 N jodine sol. with DI¥ to make exactly 10 times by

volume.

Potency of this sol. is determined with 0.01 N sodium thiosulfate.

1 # soluble. starch seol.

Triturate 1 g of starch with 10 ml of DI¥, and pour slowly it into
90 wl of boiling water with stirring.
Heat for one win., cool, and filt with the gauze,

Preparé'this sol. just before use.

~232~



8-3-6 Section: Product

Item t  Methanol

Flow Diagranm

Sample / Rater

Comparisor.

Sample

Standgard

-233-

Equipment and Reagents
Test tube

Graduated pipet
(10 ml, 0.) ol gradvated)

Graduated pipet
(1 ml, 0.0} m1 graduated)

Volumetric flagk (50 m1, 500 ml)
Phosphorie acid
Potassium Permanganate

Svlfurie acid
{specific Bravity 1.34)

Oxalic acid
Fuchsin (basic)
Sodiuva sulfite (anhydrous)

Conc. Hydrochlorie acid
{specific gravity 1.18)

Methanol (srandard grade)

Ethanol (standard grade)



Procedure

1. Add 0.5 ml of sample to 9.5 nl of DIW.

2, Mix well aad take 5 ml of its sol. into T.T...

3. Adg 2 ol of A sol., mix well, and allow Lo sta;§ for }5 win.

4, Adg 2 mi of B s0)., and mix well.

S. %hen this sol. is decolored, add 5 wl of C sol.'auﬂtﬁix well,

6. After it allow to stand at 25 °C for ! hr., measure amount of
methanol by comparing its color with coié? of sol. treated in the

same manaer as sample about methanol standard A or B.

Prepavation of Reagents

a. A sol.

1) Pilute 75 ol of phosphoric acid'(H3P04; 85 %) to 500 ml with
DiW.

2) Add 15 g of potassium permanganate (KHnO&).
3) Heat to dissclve, and cool.

4) This sol. should not be used over & weeks.

b. B sol.

1) Add 250 ml of DI¥ to 250 m} of sulfuric acid (specific gravity
1.84) by cooling.

2) Dissolve 25 g of oxalic acid ( {CO0OH)2-2H30 ) in this sol.
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c. € sgol,
1) Dissolve 0.5 g Fuchsin basic in 300 sl of the hot DIW.

2) Separately, dissolve 5 g of anyhdrous sodium sulfite (832804) in

30 ml of DIw.
3) Mix both sol. by shaking.

4) Add 5 vl of hydrochloric acld {(HC}, specific gravity 1.18) by
shaking well,

5) Dilute to 500 =1 with DIy,

d. Standard sol.

Standard sol. should be prepared at every determination.

Methanol standard sol. A

Add 5 nl of 0.1 Z methanol sol. te 2.5 ml of 95 %
ethanol and 42.5 ol of DIV to make 50 ml of volure.

Methanol standard sol. B

Add 2.5 bl of 0.1 %Z pethanol sol. to 2.5 nl of 95 %
ethanol and 45 pl of DY fto make 50 m} of voluze.

Note: Preparation of 0.1 Z rethanol sel.

pilute 1 g of methanol (1.263 wl) to 1000 ml with DIW.
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_Reference

0.1 ¢ 95 % . - Methanol Content

Methanol | Ethanol DIW in Sample

Test Tube {ml) {ml} (ml) . (mg/ml}
X  0.05 0.25 4,70 0.2
2 0.10 m-o.zgfﬁ‘ 4.65 0.4
3 0.15 0.25 4.60 0.6
4 0.20 0.25 4.55 0.8
5 0.30 ;125 | 4.50 1.2

6 0.40 0.25 4.35 1.6 o

7 0.50 0.25 4.25 2.0
8 0.60 0.25 45i5 2.4
9 0.75 0.25 4.00 3.0
10 N 1.00 0.25 3.75 4.0
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8-3-7 Section: Product

Item ¢ Permanganate Tesgy (KHn04 value)

- Flow Diagram Fquipment and Reagents
Yater-bath
Watch

Voluretric pipet (5ml, 10 =1, 15 w?)
Test tube
Standard =ol.

0.001% K¥noy, sol.

Standard {Z
" solution

Sl
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Pipet 10 m! of sample into a clean test tube (18 mw) x 165 mm).
Besides, take 15 ml of the staﬁdard sol. in another test tube.

Hold the test tubes in a water-bath controlled at the temperature of
25 °C & 0.5 °C.

Add 5 wl of 0,001¥ KMn04 sol. into the test tubes and shake for
mixing. From this moEent , the time must be counted until the éample
shows sawe grade ¢olor Lo standard solution:

The time in pinutes indicate the “KMnO4" value,

Note: HMater in the water-bath must be colorless, trahspérent

and clean.

a.

Standard sol.
1) A sol.: 1.5 %Z Cobalt chloride sol.

Take 1.5 g of Cobalt chloride (CoCl? - 6H20) into 100 al of
valumetric flask and make it to 100 m! with DIW.

2) B sol.: 1.5 7% of Uranyl nitrate.

Take 1.5 g of Uranyl nitrate (U02(N03)2 - 6H70) iato 100 ol of
volumetric flask and make it to 100 ml with DI¥.

3) Add at the rate of 10 w1l of A sol. and 8 al of B sol., mix

well, and take 15 m) of its sol. to make the standard sol.

0.00iN Potassius permanganate sol,

1) Dilute 3.160 g of potassiuvi permanganate (KMnOz) to 1000 ml with
BI%.

2) Titrate with 0.1 R sodium oxzalate.
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3) Dilvte 5 ml of this sol. to 500 nl with DIW.

Note: 0,001 N potassium permanganate sel. should not be

over 3 hours.

used

Determination of 0.1 K potassium permanganate sol.
1) Take 25 wl of 0.1 N sodium oxalate sol. inte 100 nl of flask.
2) Add 10 ml of Conc. sulfuric acid.

3} Titcate with 0.1 N potassium permanganate sol. keeping at 60 ~ 70 °C.

{uatil pink color is remained for 30 min.)

1 mt of 0.1 N sodium oxalate = 0.00316 g KMnOy4
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8-3-8 Section:

Product

Item H

Flow Diagram

)ﬁ

® ] oo
Water

\_white board

Heavy Mctal -

-240-

Graduated cylin
Graduated pipet
Volumétric Pipe
Dropping bottle
Test tube
Sodium sulfide
Glycerin

Acmonium water
(specific

der {50 ol)
(10 ml)
£ {5 ml)

gravity 0.90)



Procedure

1. Dilute sample to make 90 ZV/V ethanol with pry.
2. Take 5 ol of its sol, into test tube,

3. Adé 3 dvops of sodium sulfide sol, and 7 drops of ammonium water,

and pix well.

4. When the presented color is occurred within 1 min. after mixing,

there is a heavy metal in sample.
Pteparation_gg_ggggeng§

a. Sodiupm sulfide sol.

Dissolve 5 g of sodium sulfide (Nazs - 9830) inte mixture of 10 ml
DIW and 30 nl of glycerin.

Store in a broun'tightly stoppered bottle, Filled nearly to the top
of boctle,

This soluvtion should not be used over 3 tonths.
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