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ABSTRACT

This work describes a newly designed membraneless gas-diffusion (MGD) unit and its
application to flow injection (FI) system for simultaneous analysis of two volatile analytes. The
unit is composed of three paralleled channels. The central channel is exploited for delivering
standard/sample solution while the other two channels are employed for acceptor solutions. The
MGD-FI system was verified by applying to analyze ethanol and acetaldehyde. After aspiration,
the volatile species from sample stream diffuse to head-space above the channels. Gaseous
analytes absorb onto surface of the acceptor streams of acidic dichromate (for ethanol) and
sodium nitroprusside-morpholine (for acetaldehyde). The reacted zones were propelled through a
delay coil (for separating two chasing zone) toward a single detector where blue-colored product
zones were monitored.

Under the optimized condition, the following characteristics are achieved: Linearity
range of 1 to 40 % ethanol/ 0.5 to 9.0 x 10° M acetaldehyde, RSD of 3.85 % (for ethanol) and
4.70 % (for acetaldehyde) and analytical recovery varies from 80 to 111 %. The developed
system was applied to alcoholic beverages and herb juices commercially available in Thailand.
The determined concentrations of ethanol were agreed very well with the tag value. This implies
that the MGD-FI system was successfully developed. In addition, baseline shift and tailing effect
can be simply eliminated by means of the novel MGD unit, where its lid can be automatically

open to release non absorbed gaseous molecules.

Keywords: Membraneless Gas-diffusion unit, Ethanol, Acetaldehyde, Flow injection
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1 a =1 ] L4
21 Tube l¥vewmadnvuadniduriiuguinais szana 0.5 — 1.0
fadwas dmfvszuuniinsnsgaedesuazuinamddy daulna¥i9in polyethylene
polypropylene 30 polytetrafluoroethylene (PTFE)
T o A ' VY Y v ow
2.2 Connector i lflumsisedesereaeaviodony dnyuzung

] o { 43 W
connector D10MITUFUAT Y H30 T uazvwiagiiniziuegiunnumng ay

31 2.5 1A Tube, Connector ta¢ fitting

o T { o ] a ' d
2.3 Mixing Part Wludiunesaleinsszinamsuninszae lunszuasonud
° - an o 1 { ' o = a aan )
uagshjiseiuneunzinud luda Inama (flow cell) Famsfal§Asonnaniedouniv
3 'Tw o i =] 1 1 {
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IMINETUNTAVBIANVYIIVOINBUUAIY mixing INABUUUATI
o ' = ' o |
- Open tube (JunoAsIRTdUrILgUINA AN uoen 11
- Zigzag 19vinIRadugiBnuen anwenuazszozvesgiFnusneziinade
MIUNINTENBYIMIAIeE 1 lunsEuaS IDIUA
= Y1 s E ' 4 1 o a o
- Coil ldvanivinaduriuguinatsaegfuimangauiuseuunuiiiu
Tagnisnszuenniiduriugudnaisdie
- Single bead string reactor (SBSR) T%ﬁamiq glass bead w%gnﬂﬂﬁﬁwm
Indweiimovasluriowaradn Tneisoa glass bead AfdurLgUINA1Y 60% -80% voa¥iD
WAAANIDARAYD
; ' a o g '
- Chain ldviowara@niuilugnTa
' - @ aa L
- Pack reactor ﬂsznauﬁauwamwuﬁqﬁ"w'mqmnuqm (chemically active)
viodagmeslutionldlu Fia maedussyiagniivinalugildfaviems naruves
Vo ar o d4 o Y a £l o_ g ¥ ¥ )
nszua uan vssgiagnivinaanildidanmisdums nasududeslfusedugaluns
o &
TNy
zs r 4
- Mixing chamber unyuznauviodosnauifosmnisnaugavialiiie
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WUATINADTIIA0619 IRDE19eu1y Tl
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) i & ' P ] ' ' & 0 a 1 3
2.4 Injection port 11U UN32NOUAIWFDI (port) A1NDIMIIAIDEITH

J a 1 =) o 1 [~
gnszuadam  Taglisunaums lvavesnszua szuumsfanisegildionazsiags

{ o ' =1
gunsaintion e 19 syringe 1A rotary valve iHudu

gll‘ﬁ 2.6 Ua@A4 Injection port

3. Flow through cell fin daunsosiunouTeuveswdnsuaingna ot miie
@ ' & 1 & w ' Et [~ i 22 o =
A32938 ulsgegniluniednsivda junsevesdiuiimiluedislsiuvuduriaves

IN399R32930

LT

gﬂﬁ 2.7 uaad Flow through cell NlFiuATes UV - Vis spectrophotometer

4. M18YBIN15A3299A (Detector system)
® Optical
- UV-Vis spectrophotometer
- Diode array and IR spectrophotometer
- Atomic spectrophotometer
- Solid state photometer (LED source)
- Photodiode detector

- Fluorometer , Chemiluminescence detetor
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® Electrochemical
- Conductometer
- Potentiometer (ISE and pH electrode)
- Amperometer
- Coulometer
- Votammeter
5. MUWVBINMSUUNNTYYIY (recorder) ﬁ‘lugﬂ?mﬁtﬁiaﬁ’mmmﬂm detector 11150

o/ { ar 4 ~ 3 o
vuinmsidounlasdyanaiifatuseninluglvesdyaa @

2.3 madaneiems Imadmsudins iz losumee 198 U292

¥ i
Ao A

2.3.1 mﬁﬁnﬁmﬁ'um1'lmi‘mﬁ’uqﬂmmnmﬂmnanﬂm

2.3.1.1. Gas — diffusion unit with flow injection (GD-FI)

330V GD - FLuui 9 Tl uermadagalil 2.8 lusumoumsinsiziaginms
A0d19d1gnszuavesdIn (camier) 7ilwandedeiiios msiandrans Inade lganssua
VdTI019UA (reagent) N3N n3zuada 1 (donor stream) uazifnl§i3en I inAnR T
M332Me (volatile) loszvvesmiandndmaios Tnalumunszuaveanszuadaliidhg oo
unit 761U GD unit RAMsUNTYOIMIHAASUATHILTBIABNHIY (membrane) ignszue
A5 (acceptor stream) F}‘Nnizuﬁﬁ"ﬁ’m:ﬁm11’117"1511'laszmwmmsﬂﬁmﬁmﬂﬁagj'lugﬂﬁ

mngauaeminsIvianas Inadhginiesnsieiade'li

S

l

\—/
sEssswnmE e nay Membrane
A

GD unit

o A

70 2.8 uanumaiin Fia il mtugUnsalfilideidonsu (Gas-diffusion (GD) — Flow

Injection); GD unit A ufaAWTugiiafiideidensiu; D Ao n3nsiaiay3-Smda; w e
YOUAY; S A0 AIVHMITOMITUIATIIN; A AD NIZUAAITY (acceptor stream): R 7D NIZUAR

1% (donor stream): CR 1D N3N
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1. Porous membrane 1% microporous polytetrafluoroethylene (PTFE) membrane
2. Nanoporous membrane 1% silicone rubber
3. Ionic membrane %4 nafion”
1 ] o ﬁ' -~ ' 3 L7 o - 1 A‘.
minw louwiarumingedeniusziusgiuifionaeyiia wu aAnunuivede
A ' A o o ¥ A4 VoA - '
IADNHIN ¥T00AIIN1T 1MAYDY donor LAY acceptor AINUIBOIRONAIUA LIS 0 11w
wuiiuliRsiionld Taovia T luszuy Gp-F1 ammunvesdodenriuazogsznane 0.01 e

0.2 Jaauwns

3 2.10 uarasdnuarnanenIwveudedonsiu PTFE fill pore size 41119 0.5 T Tnsins

No1eAndna Scaning Electron Micoscope: SEM
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pauauiRveste@eniuimzdmiumsinzd luszuy GD-FIA fifail
A A ' Yt [ i '
- WwoenruAs Itmwizanslsenouluanuzudamduna o sz 11

3/ q ¥ A A ' & 9 - A s A
14 nag lulveunamegrim wadoniunisidenlfuuy lalas Idnmmusuienandes
M3810ToUNINNNITNTZUIUNS dialysis

A A 1 s = s o da - a a 1

- iwomEAKIUAITUAAIRUANTAYINgUR VAL YBAANA 131 Tlsz@nTammsany

Touwradwsosaovosmduna
a ¥ as A A o4 o d ¥ =

- dlassahaveswusemelutodondiuiudwsesnisldaniznminaasei
1 a' o
AoItianiy

- iwadenuAIINUABMIAANTBuYBImsIATNeIY Y 1

- Ammiweuteidendu linmsgaduduiisaninmsuvauasslums Inavesnszua
A

ANBAULYDI GD unit N1F5wAoIRENHILLNAILUY 19 11V sandwich 1A WU

¥ ¥ ke £

tubular uaradlugy 2.11 wag 2.12 mwday Taonalmsesnuuunseesuuuiiveiivesves
271 (acceptor channel) 1A ¥09v84A3 11 (donor channel) gauunvenandu lasidedonmy

& Ao y a P N
Fandnvargnguie s inszindaneunaunisu 14

ACCEPTOR IN ACCEPTOT OUT

oy

I
— ¥
DONOR IN —p II _’_ ‘% e JONOR OUT
X
l’ \H

o 4 D (b)

A O m—— ?
. (c)

7 o
B e e — ——

. » ' , o
314 2.11 AnUMZYB GD unit 1Y sandwich; (a) AD yuNBIAINTIS; A, B fiD gHaNUuIN

Wana@An; F fie angven; G Al seeiiiimising; M Ao mwuusuiigngudmsuldudauns:
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- ) yad & o ] 1 = o [ 9 =}

(b) Ao yuussdmvuuaa ML umlaziosiihimame ludnuazdunss; @ Ao
sUnaedeien19uny GD unit VY sandwich; D Av nszuavoiald: A Ao nIzuaves
o o - Al ) '
751; M Ao WweidenHu

ANHAUZYDI GD unit VY sandwich NuaasAszili 2.11 szflivedonruusnms va
VYDINTLUAAITY (acceptor  stream) uaznszuadl ¥ (donor stream) 1UANHWUE sandwich
TEMINANITINVBIAYHA TIurean1e lvawazeenvesvounainy lvariu connectors
v a 0 2 o a o s :
Agiinilsznoulidae 2 dau Fahein Twi'laila aae'lsd (Polyvinyl Chioride, PVC) 130T
amnszvigee 1110Mau (Polytetrafluoroethylene, PTFE) %30 InAuiiammia3ian (poly(methyl

& ' P 4 2 a w o A o &
methacrylate), PMMA) %32 @uilagilsznevdaaanudvangioaonaniassnisialva
o " N ' [ 1 g o @
voNATEHINYHANLIBe@meniY anvazginssvesresiiiluma Inavesnszuadisunas
v qvd P ¥ ' - 4 = A A A o
aliuuziiginseldvaronuy wu dunse vanieds Asaenan mumasuns efmavuda
AWYIN YUIARNNANVBIFDI 0.1 - 1.0 TTadwns anundeuosros 1 -3 Tadwasuazaiy
¥ - ¥ ]

©17 3 - 10 indwns u19nTan1elurese1siinisld gnuda (glass beads) nio v wauauad
(stainless steel gauzes) W30 M40 1UaDY (nylon lined) tNoNITFIWAUASUMTUNT VoA 1Y

11 L a ! X - ¥ A A ' 9 ¥ @ 1
uwsehuwaendiu Idavuuazdaegms 1¥anveutedondin hiligadudwe

D

o /J_Z
= IIT—_'

A

w

1 @ = a o d o " a
3N 2.12 7MWAAY13 GD unit ¥iaTdu wbular ; DN fie nszuadalyl: T Ao viedivhein
A A ' A a - v dee 9
WoIenMIY; W AD Y0TY; O AD MUNYDIRBANLNINMT IHaldaLeonYRINT e
A231; D Ao ¥UW0AI99A
" ¥

Tu31/ 2.12 GD unit wiiaMTunuve (tubular) Vudnumzazadiwnedmitsznen )

A0 2 Ay Ao vienaremeluvhniniedenkiy (ubular membrane) HazviBNIBLDNTI9 NS
= =1 9 é ¥ 1 ] = ] = @ 9 d'l =
waaAnNHIBUNIFITYUIENaey usnumelurenalslins navesmsda 1l dedans
=

' o =1 a v o o
uws'umuﬂﬁuﬁ'nﬂﬁaaﬂnnmunlwummumaﬁ’mﬂmuna nguany ﬂ\‘iﬂi)ﬁlmilzllﬂ'li]lﬂﬁ

VDINTLUAATVNINVT DM T WMo 1USd1udIn5 2950



B . > a0 e
dulnnemyanan nzeemndimansely i
' ° A oA oAy o = a a =2
vienanmelushnineeniiuliduiiguénaie 2 9 4 Tanwns 817 8 5920
= VoA ° 1 = 1 o )
I UAINAT nwuﬂﬂﬂm‘navm1&)1n‘nawmﬁﬁﬂﬁ?ﬂuﬁ’aﬁtﬁumqmﬂma 5 9410 Taawns
A10019MI0ONLUY GD unit 11 tubular 15U Aoki 1AZAME [10], Nagashima uagame [11],
Motomizu LHaZAME [12]
W ¥ ¥ o o
UNATI GD unit LUUNBALN 2.12 mousnse Lilims Ivasenvesnszuadasul
ar ¢ A o o o v o = a ) fa a 3 oA o a
Jagiszaenmorhunan luilluivesnnnndasusinnavy Tunsaindluudeafiyniouen
[ 1 [ 4 1 - [~1 o
voanemIITadenLIATBIRAa N 1Y Yugaa M 1u3zuUY0e Nyasulu [13] dunisih
[+ s o o a é s s as o
unaaraies laoon laaninarunnmsaaiedivedInTesamaeenainszuy HaaInNyng
asavdadumaia lnnudlewninituduszuu Iadunasuszuiadadmiuasiniada
& 79 ¥ \ Y, a o e a ¢
1795 leoou M3Uszyndld GD unit 1V tubular HUeIMIVITY gnilaniheinIndwesd
A 1 = ' Yt o = = A
wosadlunie lasGusgnilaluveldiidnuazidluuedfeuiiosrionsnauuazaamsnizae
Aveaviou Trunanf N (product zone)

o

¥ ) &V
11119779 GD unit 92gn1i1 1 1o n s Mdauia Pedersen et al. [14] Tasau3doil
[

=1 [ _ o 0o @ & - ] o
Wumsthszdamadaadeuuilunmisiida wemwauaz lumsadufiunulosisause

(degasser) Y lavinzzasluglauanasaagili 2.13

l'o Vacuum

—— Eﬂ N~

| .

REAGENT IN REAGENT OUT

UM 213 AnURIZYDI GD unit ULV sandwich Hawsafmidaufald; AB Ao gilafivhen
WaNA@AN; D A9 sintered metal disk; M fi0 @odOAMUILLINTY Hag G fip JoeiivhNIsIaN:

[12]

2.3.1.2. Pervaporation unit with flow injection (PV-FI)

ot o ' ﬂy’ o

1% Pervaporation Qnﬁuwuiﬂu Kober 1 1917 11 pervaporation HHUH11NA
71 permeation 110 evaporation (M3uMsnFIUMarMsszimuitiule) szuy PV-FI unusia q 11

uaanazIli 2.14 1ngUdsna nannsimszd leszimodae Pv-FI azdnuiiv 1l ludnume

123706
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(A8INUNY GD-FI uvi'lumﬂwnwu'fuﬂaumsuunu?nmtﬁmﬁanﬁhuﬁLmnn'wﬁ'ua(j 3
Funou e

1. ﬂszmumssxmaﬂaamsﬁ'mdwﬁ’ufﬁmmmﬂ (Air Gap)

2. NSEUIUMTUNIVOINTTZIMEINTOIOIMARIBOEE NAI

3. naztunsgaduTTsEmeiuns Ao niudhgmsaza10f$y (Acceptor)

Tasmisiidudeideniueennezegluanimleiiessinamdunesniisdind
A lesudvidh mai ldanududaaiy E'iqﬁﬁtg“lu"iﬁﬁﬁmzw’fﬂuﬁamﬂmﬁnndmﬁ
manzauTaoviiaveudeidonkiuuniuily hydrophilic membrane  341¥usniieenain
@135052108UNT6 1182 hydrophobic membrane F11§uona1sdunIdoonsimit Taoswa luluda

A 1 4 ar - Ll : o =
wenensun 1 umaiin PV-FI sgmuiniuuui 195 umaiia GD-FI

H A L ar
31 2.14 uaAI Conventional pervaporation module 1iJ® DC fie ¥9u373M13711H, AC fle
' @ a A A oA ' ' A A A ' A )
¥BIUTIYAIIAITY, MS A0 HoIdenr 1LY, m Ao WoLdBNHIY, AG AiB ¥948710A, DI Madh

#1502 1%, DO nvanmIa i, Al mathasaI5y, A0 nMeeenaITAITY

PVv-F1 lumsugnmisiaulisenvindisduuueeu latiivunziunisuena s
52M0 14 (volatile and semi-volatile) aanmnﬁmdwﬁﬁndinu?aﬁmnlutﬁauqq (U
R a o Y ' ! 1l
A0 NNTATAAUTIAA MINANTEUTUUTI a3 Tuanavuialvg nTeeymavunalugi

' v 1 dui a 4 1 y
uvIuasoeg lumsazaed0e1 ¥ 11e193ins12¥d2038 GD-FIesninmsuitlowmaril
o - & ' o - o 4 ' o
finai IMifams@eanmvesdeideniuazin lfinamsgaduvesgwguludedensu
bl - - 1 o A ]
MWisz@nSniwnisuonanas maiia PV-Fl vzaotlossumsnidoaninveudeidonsu
4 - N 3 J = 8 ar ) d'l -~ 1) o L)
11039 INTYBIBINA (air gap) TUIEHINAIMIIVBINTTUAAIBGNUAzIBRIRani I I s
ar U - { "o o o A H o =
mamamwunﬁﬁmsﬂmﬁauqa"luaunﬁnuwmﬁanmu'[ﬁunﬂ Mmildeunsefiams
ar L) { ar z ; a J ar H d' o 1 )
aednnanlinaslunszuadin1dlasase Tuneuiinatiuildsil smsiaulalumsdiedi
o aaa ar o Y o a e ot L 1 ) : - »
inlgasndumsaariiinandanaaniuleuazunsriige 819 (air gap) nriuszdusi

- o o

wadeniudgnszuadiumimihimhmsiauludginiemseiafiminzaude i

B



19

aunsevi PV-FI smlszgnaldans lududnen 18eedl

1. M13uomi1 (dehydration) funsuemitninusamaIBunds wu msuomieenn
ueaneann

2. M3tenmIBumIdeonaInmsazmevesmsBuNId-ih iy msueniiuensensin
thite manonms Wndusa

3. MIULAMISBUNTININATHANBUNTS 19U o-xylene, p-xylene 1iluAY

Tawmsdunioniemseiunidlu 2 dondsdestiguautAszmonarndulonse
munsainl§asedumsduuay Wkdasusiinaiediule 14a

nngauautiaduduiindn Sahl¥aszuaumsuenmsuuy pervaporation 1173
souftlymlumsinsizimsdiedisiionlsn wu fetranedanaden viediodwems

' k4
numsnsuleounin1diiued1ed

232 mafinfiendumsmadanfugunsoiihifidedensin

2.3.2.1 Membranless gas-diffusion unit with flow injection (MGD-FI)

7WuetAs MGD unit urAsAag il 2.15 Uz 2.16 MGD unit Ysznevlil§omes
imi’;'uu1uf'f'ummmam’:qnffulnﬂnﬁqmq (Barrier) 91 Taquilaifeay MGD unit ¥o4
usniiuyeamalnavesnszuadald (donor channel) Foamsiiaouiiuveamalnavosnszua
#231 (acceptor stream) Fan1soonuULTzoonUUL T d VA a-Ta thl&ieaanisiia
carry over YOITIIUNTIZHUALMIINA contaminate HANNITINTIXHARIAUNTIY GD unit
uddsmenmsifideidond eaadesialudi mygadu madevanmvosdoden
HIM Msuenufa 1y MGD wz:ﬁni‘fu'[namsﬁ’w:hw:'lnnthunszummmsﬁ"J'lﬁ (donor
stream) RAHARAMATITUETITME viniuzuns W uSion headspace itaz lovnams
Annezvzgngadu Buufmivesnssuadasy (acceptor stream) Tnoidonmsdaful
mnzaufunIowmIn Iariiaa 9

ATOONIVY MGD unit 92A89R111909999919 (air gap) 521319 voumal iy
thila wzﬁ'm'lﬁ:‘.’n‘fuﬁ'mi\'aﬁamﬁaaﬂmsQﬂn‘i’imnﬁmmn1ﬁ MGD-FI §ifofmilond1 GD-FI
fio annsaugnmMIngesnanmsdinazi Idedaauysalimsizueanaiuanzdesgauen
ponMINA UMY (Barrier) uaziidofmile PV-FI ﬁoﬁﬂszﬁnimwm:dw’[aumafiqq

Ll A 1’ ey o o
niutiosnn lulaimsdudaseninmsazainlaoase
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DS ot
R i AS ou
ruullli m‘zq l:ﬂ '4,“11;1& Eﬂ
31N 2.15 uaaaza1uves MGD unit [15]
Ljd asdgsa
Channel depth Unit height
(6mm) § [ (20 mm)
Ds

Channel width (2 mm) "“
B;;r‘}er
71N 2.16 1EAIVUIAYDI MGD unit til DS fio ¥oams lnavosmsdali uag As Ao Foama

Tnavesansaafy [15]

2.3.2.2 Membranless Vaporization unit with flow injection (MBL-VP-FI)

MBL-VP gminaueluil 2007 [16] uurdalumsesnuuuminihuifaves
GD uaz PV unit nsawiuTashifims1i8edensu gunseftimunssudaesiefithuwods
Falu MGD unit Wigunsadnmedld sUf 217 1aRs311AY0s MBL-VP unit Fudu
AU (top pieces) T9nozATan Usznoudasskhauas silicone gasket asenareriila
a130Raa15@2 10 (donor solution) aaly glass donor vial #3ludmvesrhilaninansenate
aunsaldmsdesnaiifuvewdndlld  Fudwdmawhnnozaian  Uszneudae
man (acceptor inlet) LLAZOBN (acceptor outlet) YDIAI1TAITU

Tunoun13 sz Taodladh MBL-VP wnit ldmsdaetheveqifeadly
sample vial vimiuTarhuazdamsdaliaslu MBL-VP unit msdaliazylidaetadon
anuziunda uﬁ"ﬁﬁsﬁﬂﬁufnzszmu"lﬂé’mfuuuazgn@ﬂei’uﬁﬁqnﬁwmmsﬁﬁu s

@ @

. S = a1
A5 092191119 acceptor inlet t1az InaoONN14 acceptor outlet MINLIUITYNTIATIZAD 11
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———— Syrmgg

Top 1o mm’ (iv) Lid
- _———w
2 -.____ — i) Silicone pasket
o (i1} Gilass donor vial
(sample vial)

Acceptor channel

Bottom Acceptor

plece outlet

(1) Acrylic donor holder

31 2.17 uarasgiAves MBL-VP unit [16]

2.4 g1 - Fadamalnsalnil
ues UV-Visible a0glurendnueninduy 200-800 wilumns lasiuaanio

Radiation liodosiumsnaunsaganduuda’ld uaszgnganiu 5031 Absorbance (A)

o w da 1 s o &
TaudUWUFAUAT Transmittance (T) §33i
A=loglyl

e 1, = anuduvesuasnannszny

I = Aanuduveaaaimae (Transmittance)

E 1 [
UONMINUANUTUNUTAIU Beer’s law U 4 N3N 1WAD

A =abc

"

Taoh a = absorbtivity
a ' ' &
b FTUENNNUTIADIFNIU 'Hif]ﬂ'.l"lilﬂ'g']ﬂﬂl'ﬂﬂ cell

ANV UTUYDIRIDES

Cc
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&
HanIINU

I
A = 2-log%T =-logT = Iog?

4
o T = L
Iﬂ
4 - .
84A15ENOUYBUATOEY UV-Visible  Spectrophotometer ~ Nn¥iialsznoudle
o o e l:al
osflszneuvandsiife
1 o ) L) A 5 L 1

1. unasfuiiauas Wuaar R nue I uiMINs ey 19U 551319 190-1000 w1 Tu

a3
1 d‘. o 4“ ar ] 4 o a
2. Monochromator 1iludui 199amafoanuuas mingladendruaaioninnda

4
3. 904 ldd0019 14 lddedandainmsia

ar A o L
4. Detector / amplifier 'la’r"murrmmﬁ‘mmmsqnnﬂuvmmame

2.5 gunsaimugumahaudalni@

msaduszrumsinneidloszuy MoD-FI Tiluldedrada Tud@suiludead
gunsaiuas Tlsunsui1Flumsnrugumsiauvesginsalae q neluszuy il uaz
1 {udu -ﬂq'lu41u3i’a§u1‘f1ﬁﬁn11ﬁ'muwqﬂnsaf'lumsmuqum:ﬁwmumﬁmmzm
U939 MGD unit

2.5.1 gunsainaugumsiauvessh MGD unit

nsmruqumsila-ladsaTuddiuldgunsafd Fondr lulnsaeuInsamed
(Microcontroller) [46] fie gUnsainauguumtAdn Fallanuannsefindrondeduszuy
nounuaed laoluluInsneuInsames 1ds e miinlszuiananans mihoamduay
drusedhtuginsainouen ort) Fuiludanlsznoundndifyvesszunneniiunedidh
15 Tasaedrelaoa ) vealwTnsneuTnsaiefiiu munsautisesnun1difu s daulngjq
dasolulil

1. wiulslszuramanalanTed Ny (CPU:  Central Processing  Unit) 111142993
Siaanseiindiiau nieszunann mugavesdiduniosninsenduad mirnlszaana
Wieuadeuilumuesvesnouiiunei lumsimihiidadulimied i sndidaii 185y
w1 1wy manfFoudou msnsziimsnundiacmnaas a9 Tauﬁm:mun'm‘ilupuﬁa

- 81ugAfda (fetch)

- Arnugadids (decode)
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- d::u’munqnﬁﬁq (execute)
- 91udeYaINMUIBAINE (memory)
- Woudeya/diwamstszulandu (write back)

]

2. #20AM§1 (Memory) aansauisesndiy 2 dau Ae vireanudmi Bdmsy

7o

or = A el
ihuTisunsundn (Program Memory) nfSouimilouaindanveunionsuiinneidalaz fe
4 : L] L ¥ 1 J l o
foyalaq Aigniiu A luiiez higymehudlifi IWides Sndrunilafemizennuifoya
(Data Memory) 1diiumilounszaiumalumsdnnuvesdiig uazduiindeyadansnvaey
° ' et d” [ ] A
Wi udvanlaifi Iides  deyafezwioldadrodumizsnruusy RaM)  lundoeq
L ¥
aeuiuaeinIg T uadminluInsneuTnsamesmislmi mirennuioyassineiiiu
' o 4 4 ' ‘: -
mizsanuiwsy Fadeyavzwrolihie lifi'lhidos naziiluddwsou(EEPROM : Erasable
. & ' ‘y
Electrically Read-Only Mempry) Hagusainudoya ldudhidi Iidoa
3. dausenuginsainiouen viewein (Port) il 2 dnumzie wesndUNA (Input Port)
o
] as U A J o
uaznesad dy IUNToNeTAIBIANA (Output Port) adduiivel¥lumsi¥eudenugilnsal
A U - o ) s ' d a A o
nmouen deduiluduidiwguin ¥ miuszninmesaduna e fudyana e1nvzdae
a ¢ & o ' ¢ ¢ ] ' a '
msnaaday inerr liszunanauazdalneimerdna iNeuaaInairy nsAnadves
vaoa W iludu
4. YoamaAuvesdaya i wiela (BUS) Asidunnnmsuannldsudygiudeya
#vIn By miheawiwazwedn Wudnuuzvesmedynia swwinnegmoluda
lulnsaeulnsaaes Taomiadluiadeya (Data Bus), WaueAATHE (Address Bus) taziia
A7UAU (Control Bus)
e @ a @ 1 - o = 1 4 P
5. 2nvsiuliadgygnandn dndludulszneuiiddganndndiunila 1iesnn
o o a J ar o g Y © o
msinuifatulud luTasaeuInsamed  sziusgiumsdmuaianiz mindygra
= = : ar o o AJ 4 ar :
wEniiadge famznnihnufrawsan 1advudia i lyTasnou Insamesiniu
finnwus lumsdszuanagaauldae
] ¥
TumsaruquluTasaeuInsames innumuiiesnuuu 13T uszde o
Tulsunsudrennlan 1&linawnndenu iwu mwuudn nnd

o
2.5.2 gunsaimugumsinuveaily [50]

aQ

o -3 o Y L H r ; -
msmui laemstleusmidwiuTdsunsun lawannvuntaniiivensuiines

& L) ° " o o ° o o
weldszuuanunsoinuldeddaTul@ msiauvesginssinluguuaasdaumugili

2.16 Tawginsain 19 lumsaunuiluszlszneudae
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COMPUTER
b

of ] ¥ L ¥ 1)
dmuailui Fau dmuedeyaiugmiluudazis dmuanaluidaziuaen danunszuiums

= ° o g
JUN 218 szvumsvhauvesginsainauguily

2.5.2.1 PLC (Programmable Logic Controller)
, d ! X 4
PLC (Programmable Logic Controller) ({uginsaina$1avuive 19niugums
o 4 o 1 o ey é {
MUY UATBIINIHIBITLUAN 9 uuuda TulAluTlssnugamnnisy Feaunsadiez
o j ~ -~ do A 3 a
Tsunswld gradruasianniuienaunuinsindsuiennnnanudoimsiscneg
ldinseannguindsmgn auwnsalfonldedisemmlszasdiazannsodoudnilda
184w
LInssadrauaznanmsyiauveanios PLC
o o L2 o o dayw A o - ¥ o
duginsaimsnsdnihnldaiuquiniesdnsvieszuunszuiumsldhaua
Tilsunsuidsvesdlduazdoyadie q ildTunndunmioning ves PLC azshauay

' P o o = 4 1 o @ "
291 mumauTuaoulinFumMIadiamans TaauilszneudiAy 3 du fe
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1.1 ¥ s2uIaNANA1IHIT D CPU (Central Processing Unit)
1.2 H120n21481 (Memory Unit)
1.3 ¥120BUNA/ 191%9A (Input / Output Unit)
wenvindIuilszneunts 3 uda PLC dulszneudasgunseiveamitetlouTilsunsy
(Programming Unit) ansan/doundawdlulysunsudidensnaoy ammwmsviey
VOUATBTNINIDILUUNITUIUNMIARDAILAT AN NSRS PLC Tdmamiantlou

Tsunsumavhnuveanideats 9 molu PLC daaaslugiii 2.19

PERIPHERAL
DEVICE
INPUT DEVICE PROGRAM DATA OUTPUT DEVICE
MEMORY MEMORY
3
PUSH BUTTON Lo ceu |— > RELAY
LIMIT SWITCH P CONTACTOR
SENSOR v i i + SOLENOID
: s
POWER
SUPPLY

3 2.19 Tnsaadranmoluves PLC

2. ANUAIITNV PLC

PLC enunsonuguau1a 3 dnvae fe
- iAo un s (Sequence Control)
- uAUANEY 1ML (Sophisticated Control)

- NUNAIUYUIAYLINUIUTIUIMS (Supervisory Control)

2.5.2.2 1lsunsu Visual Basic 6.0
1. Auuazany eyl 1151033 Visual Basic 6.0
. .o 4 - @ . P &
Visual Basic 11lwn3esilonldwmunTusunsuuuy visual Programming 4
4 5 d ! Ay L) ar 1
Visual Programming 11u35msilouTisunsuniiniesiesrowanunldsunsulddie Tae
Tisunsuiadrassiidnuasmilounouoanuuuniiieeisnmswanw1 TUsunsua oo
9 oy o wa P o w = ' " o
PONUULNUIONABINIT Mnuaguautautazliouldadny  Fevzyreldniswaul

L] ar a‘/ L] o L7
Tsunsuemnsamldednsiatas dwmsumslFauTdsunsy Visual Basic 1u'ly1d88a
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1 ¥
duvsegiiivauauy PC 11¥3uTadmninuadsvneanuannie ldinsldauun ntemet

y p
sansgUnsainldimaTulad 1¥me

Do C0 Yow frowc Fome: Ostug B Quey Dagam I Adsire Wivdow tep
E-T okl ues -, o NP ERAX D

1 Domt show ihis diog i the hutue

3N 2.20 valwe Ta)sunsw Visual Basic 6.0

2.9A1AUYD4 Visual Basic
9/ = & Y =
- afauennama IddeuazsiaEi
a A ' a 9
- madeu Tsunsundeaensious

E A o =
= i')illﬂﬁB\‘HJT'JEl‘lLl'JUﬂ'JnJﬁ&’ﬂ?ﬂﬁluﬂﬁﬂmuiﬂSllﬂ'ili

2.5.3.3 Relay

o Y Ao w 1

3108( Relay) fin gUnseididnnseindmimihi da-dersesadrofuaing
inanmshauadwiuvantauiman il mieTa@usss (Solenoid) Fiadgnldlunis
awguases ih ldnanna Tadiuaiadaiuguiiionudas Inih uiseenmudnya
m3lFauld 2 dseinnde
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1. 1onuen 99.8 oiigualavinias 1N5AAIIZH (Ethanol, CH,CH,0H) 910
U3HN Carlo Erbra 15zmadna
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Analytical Instruments iu Jasco V-630
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4. Flow-through cell NVIEN Philips
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%RSD =52 %100 (3.1)
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ADAC OFFICIAL METHODS OF ANALYSIS (2005)

MALT BEVERAGES AND BREWING MATERIALS

Chapter 27, p. 5
27.1.13 27.1.14
AOAC Official Method 984.14 AOAC Officlal Method 992.29
Ethanol in Beer Ethanol and Original Gravity Content
Gas Chromatographic Method , inBeer
First Action 1984 SCABA Method
Final Action 1988 First Action 1992
ASBC-AQAC Method ASBC-AOAC Mathod

A. Principle (Applicable o determination of original gravity, 3-15°F, and

n-Propanol intemnal standard is added to sample, and ethanol is

determined by GC using flame jonization detection.
B. Reagents and Apparatus

(a) n-Propanol.—Internal standard 5% ag
,Refrigerate.

stock solution.

(b) Ethanol standard solutions.—3, 4, 5, 6, 7, and 8% aquecus
ethanol solutions, D exuct % cthanol by py b
942.06B(a) (see 26.1.07), hydrometer, 957.03A (see 26.1.08), or
refractometer, 950,04 (see 26.1.10). Altematively, prepare standard
solutions by quantitative dilution of concentrated ethanol solution
analyzed by one of above techniques. Keep solutions refrigerated,

(¢) Gas chromatograph—With flame ionization detector and
6t x Jiin. (1.8 m x 0.3 cm) stainless steel or glass col ining

ethanol, 1-6% [w/w], in beer.)

Results of the interlsboratory study supporting acceptance of the
method: .

Ethanol, % (wiw): 5,=0.006; s, = 0.036; RSD,=0.156%; RSDy =
0.939%

Original gravity, °P: s, = 0.018; s, = 0.091; RSD, =0, Iﬂ% RSDy
= 0.828%
A, Principle

The instrument calculates original gravity, ®Plato, from
measuremnent of density with density meter and measures ethanol, %
(wiw), by catalytic combustion of ethanol vapor, from evaporated
beer test portion, in air stream passing over sensor surface,
B. Reagents and Apparatus ¥

(a) A ic beer analyzer.—~—Calculating original gravity from
measuring density of beer (Anton Paar density meler is suitable) and

80100 mesh Chromosorb 103, He or N, carrier gas 20 mL/min;
imjector temperature 175°C; column temy 185°C isothermal
(adjust temperature so cthanol elutes in | min, #-propanol in
1.6 min); detector temperature 250°C; chart speed and attenuation
as required based on instrument used,

C. Calibration

Pipet 5.0 mL ethanol standard solutions into separate
glass-stoppered flasks, Add 5.0 mL internal standard solation to
each and mix well Inject 0.2 uL of cach solution in duplicate and

peak heights (integr may be used). Caleulate ratio of
ethanol 1o n-pmpum! peaks md average for each concentration.
Plot ratio against and calculate slope of line (F).
Repeat analysis of 5% ethanol standard solution each day.

D. Detarmination

Decarbonate beer by filtering through S&S 560 or equivalent
paper. Pipet 5.0 mL into glass-stoppered flask. Add 5.0 mL aqueous
n-propanol internal standard solution, Mix thoroughly by swirling,
n.u.dm)ecm2|.|LontoGCcolumn,lnddemmumrlﬁoofeﬂumlw
u-propanolpnb. -
E. Calculations -

* " Ethanol, % (v/v) =
(peak height cthas 'fpulkh'-j{siu n - propanot)

Rsfcm:ce .MOACS'! 192(]984).

leulating % (w/w) ethancl in beer: equipped with peristaltic pump
{to pass test solutions through analyzer), thennostatically controlled
coil (to evaporate ethanol in test solution), tubing (1o mix stream of
air with ethanol vapor), and oven with ethanol sensor (to combust
and measure ethanol). Microcomputer control unit evaluates and
prints outs results. (Tecator SCABA Automatic Beer Analyzer, PO
Box 110, 8-162 12, Stockholm, Sweden; www. foss.dk, is suitable.)

ua) .C.imnol smndanl solutions.—Prepare 3.5 and 7.0% (wiw)

fard sol by diluting 46.4 and 92.3 mL ethanol
(99.5% minimum purity) to volume with H,O in separate 1 L
volumetric flasks. Discard afier 2 weeks.

For system suitability test, determine % ethanol to nearest 0.01%
by pycnometer, 942.06 (see 26.1.07), or refractometer, 950.04 (see
26.1.10).

(¢) Conditioning solution.—Dissolve ca 7 g chlorine-free
detergent (Tecator Cat. No. 5000-1928 is suitable) in ca 500 mL H,0
in 1 L volumetric flask. Add 75 mL ethanol, and dilute to volume
with H,0.

C. Instrument Conditioning and Calibration

‘Tum on analyzer and control unit. Select microcomputer program
for desired analysis, u:hustmrﬂowwmlymrqnltmn,md
connect tubing for peristaltic pamp.

To condition analyzer, place :almost full vial of conditioning
solution one space behind sampling position. When oven and
thermostat indicate run temperatures have been reached, start pump
and recirculate conditioning solution for 20 min by placing end of
drainage tube in vial.

Calibrate analyzer by placing vial with H,0 one space behind
sampling position, directly followed by vial with 3.5% then vial
with. 7.0% ethanol ' standard: solutions, B(b). Select calibration

© 2005 AOAC INTERNATIONAL
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DISTILLED LIQUORS
Chapter 26, p. 10

AOAC: OFFICIAL‘METHODS OF ANALYSIS (2005)

B. Reagents e il

(a) Hydrochloric acid—4M. Dilute 333 mL HClto 1 L with
H,0.

(b) Ferric chioride sol’urtan —~0.37M. Dissolve 50 g
FeCly-6H,0 in ca 400 mL H,0 in 500 mL volumetric flask. Add
12.5 mL 4M HCI and dilute to volume with H,0.

(¢) Hydroxylamine hydrochioride solution.—2M. Dissolve
69.6 g H;NOH-HCl in H,0 in 500 mL volumetric flask and dilute to
volume with H;O. Store in refrigerator. he_ I

(@) Sodium hydroxide solution.—3.5M. Dissolve 70 g NaOH in,
ca 400 mL H;0 in 500 mL volumetric flask. Cool, and dllute to
volume with H,0.

C. Preparation of Ethyl Acetate Standard Solutions

(a) Stock solution No. 1 for standard curve—0.333 g ethyl
acetate/L in 100° proof spirits. Weigh 0.1667 g ethyl acetate in
weighing bottle and transfer quantitatively to 500 mL vol ric

P T lution by pipetting 4 mL reaction mixtare and
2mL4MHC1mm25 %-200 mum test tube. Mix and add 2.0 mL
sample. Same reference solution may be used for series of test
solutions of different ester content, but they must have same pmof.

- Pipet 2 mL test solution and 4 mL reacti i into anoth
Ex%mmmbe.mmdletml-mmm.hpamzmbﬂﬂm
and mix.

To reference soluhnn. pipet in 2 mL FeCl, mlunon. Rinse
reference cell twice with this solution, fill cell, and place i cell
holder. This reference snluﬂmmybeuaedfot 1 day ifﬁghl.!y
capped; otherwise refill periodically to avoid evaporation error.

To test solution, pipet in 2 mL FeCl, solution and mix. Cémplete
reading of each test solution before proceeding to next. Rinse'test cell
twice, fill cell, and place in cell holder. Read 4 at 525 nm immediately,
since color of test solution fades rapidly. If instrument has single cell
or tube, use same cell or tube for both reference and test solution.

flask with 100° proof spirits. Dilute to volume with 100° proof
spirits at room temperature.

(b) Standard solutions for standard eurve—To series of five
100 mL volumetric flasks add, from pipet or buret, 0.0, 15.0, 30.0,
45,0, and 60.0 mL stock solution No. 1. Dilute to volume with 100°
proof spirits and mix. Standards contain 0.0, 5.0, 10.0, 15.0. and
20.0 g etliyl acetate/100 L, respectively.

(e) Stock solution No. 2 for proof factor determination.—0.500 g
ethyl acetate/L H,0. Weigh 0.2500 g ethyl acetate in weighing bottle
and transfer quancitatively to 500 mL volumetric flask with H,0.
Dilute to volume with H,0O and mix.

(d) Stock solution Neo. 3 for prooffactor determination.—0.500 g
ethyl acetate/L 192° proof spirits. Prepare as in (c), using 192° proof
spirits for transfer and dilution.

(e) Proof factor standard solutions.—(1) 0-50°
Standards.—To 6 separate 250 mL volumetric flasks add 50.0 mL
ethyl acetate stock solution No. 2. Using graduate, add 0, 13, 20,
39,53, and 66 mL 192° proof spirits. Dilute each nearly to volume
with H,0, mix, and cool to room temperature before diluting to
volume with H,0. Standard solutions contain 10 g ethyl
acetate/100 L in ca 0, 10, 20, 30, 40, and 50° proof spirits.
(2) 60-192° Standards.—To 9 separate 250 mL volumetric flasks,
add 50.0 mL ethyl acetate stock solution No. 3. Using appropriate
graduate, add 29, 55, 81, 108, 134, 161, 174, 187, and 200 mL
192° proof spirits, respectively. Dilute nearly to volume with

H;0, mix, and cool to room temperature before diluting to
volume with H,O. Standard solutions contain 10 g ethyl
acetate/100 L in ca 60, 80, 100, 120 140, 160, 170 180, and 192°
proof spirits, respectively.

Determine exact proof of soluhons by staridard method, e.g.
hydrometer. il e
D. Preparation of Test somﬂnus

Analyze whisky distillates, spirits, and colorless gin et portmns
directly. Distill colored or turbid test portions as‘in 950,058 (see
26.1.24). If laboratory sample contains >20'g eﬂm’lou Ly dilute
with H;O to ester ooncunmuon of5—20 g/1oO L

E' muﬂn L Wadhad Ll
;~(Mix all solutions by .pw:rl.ing to wwd furmpﬂmnfwlﬂ-) o]
rlus!bofmuse,,.. pare;stock solution; of, by
combining 5.0 mL H-..NOH ‘HC1 and ISJO&NL‘BASMJNM for- Mll.
standard and test solution. Discard after 6 h. = izt Se

©:2005 AOAC INTERNATIONAL:

Calculate or obtain Ad = A, — A,ereence- .
F. Preparation of Standard Cur_if\l 7

Analyze standard solutions, C(b), as in E. Plot A4 against ethyl
acetate concentration (g/100 L at 100° proof). (Note: Stafidard curve
need not be repeated for cach analysis. Check periodically and
repeat if new instrument or reagents are used.)
G. Preparation of Proof Factor Curve

Analyze standard solutions C(e), as in E. Plot Ad/g cthyl acetate
against proof in the 15 solutions (0-192° proof). See Note, F.

To calculate ester content of test portions, read A/g value from
proof factor curve at test sample proof, [{ (est portion was diluted,
use diluted proof in calculation. Divide observed A by A/g to
obtain g ethyl acetate/100 L. Correct for 1est portion dilution, if
necessary. To express as g/100 L at 100° proof, multiply above
ester value by ratio: 100/test sample proof.

Reference: JAOAC 55, 559(1972).

26.1.26
AOAC Official Method 972.08
Aldehydes In Distilled Liquors
Titrimetric Method
First Action 1972
Final Action 1973
Method |

(Applicable to extract-free spirits—brandy and wine spirits.)

‘ CH,CHO + NaHSOj; - CH,;CH(OH)(SO;)Na
CH,CH(OH)(SO;)Na*+ NaOH —» CH,CHO + Na,SO, + H,0
Na;SO, + I+ HyO — NaSO, + 2H1

A. Rugonlb

(a). P i bisulfite soluti -—Dwaolvo lnggSgOSN
H,O add 70 mL HCL, and dilute to 1 L with H,O. Bisulfite titer of
10 mL soluhon should be 224 mL 0.1M I, solution,

(b) Phosphate~EDTA sol: ~—Dissolve 200 g Na,PO,: IZHZO
(or188 g Na;HPO,-12H;0 +21 g NaOH; or 72.6 gNaH,PO,H;0 +
42 gNaOH; or 71.7 g KH,PO, '+ 42 g NaOH) and 4, 5 gNa;H;EDTA
in H;0 and dilute to 1 L.

(c) Dilute hy\dmclﬂaric acid.—Dilute 250 mLHCI to 11 with

LU PR 2 ST tngtiagd
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(d) Sodium borate solution~Mix 100 g H;BO; with 170 g
NaOH and dilute to | L with H,0.
B. Total Aldehydes

Pipet 50 mL test portion (containing <30 mg acetaldehyde),
reduced to ca 100° proof, or 25 mL high proof product and 25 mL
H;0, into 750 mL or 1 L Erlenmeyer containing 300 mL boiled or
deaerated H,0 and 10 mL K,S,0; solution. Stopper flask, swirl to
mix, and let stand 15 min. Add 10 mL phosphate-EDTA solution.
(pH should be 7.0-7.2. If not, adjust pH by adding HCI or NaOH
solution to K,8,0 solution and start with new test portion.) Stopper
flask, swirl, and let stand additional 15 min. Add 10 mL HCI, A(c)
(when analyzing series, make complete determination on first test
portion before adding acid to next), and ca 10 mL fresh 0.2% starch
indicator. Swirl to mix. Add enough ca 0.IM I; solution to just
destroy excess bisulfite and bring solution to light blue end point.

Add 10 mL sodium borate solution, and rapidly titrate liberated
bisulfite with 0.05M I, solution from 10 mL buret (or 0.02M 1,
solution from 25 mL buret) to same light blue end point as above,
swirling gently and continuously; avoiding direct sunlight. (pH
should be 8.8-9.5. If necessary, adjust by adding HCI or NaOH
solution to sodium borate solution and start with fresh testportion.)

CH;CHO/100 mL, mg =mL I, solution x molarity I, solution
% 44.0 x 100/mL test portion

C. Free Aldehydes

Pipet identical test portion as in B into 750 mLor 1 L Erlenmeyer
containing 300 mL boiled or deaerated H;0 and 10 mL each K,8,0,
and phosphate-EDTA solutions. Stopper flask, swirl, and let stand
15 min. Proceed as in B, beginning “Add 10 mL HCI, (c) ...".

Reference: JAOAC 50, 305(1967).

26.1.27
AOAC Official Method 972.09
Aldehydes in Distilled Liquors
Titrimetric Method
First Action 1972
Final Action 1973
Method Il
(Applicable to spirits containing extract—aged in wood.)
A. Free Aldehydes

Pipet 50 mL test portion sample (containing <30 mg
acetaldehyde), reduced to 80-100° proof, if necessary, into 500 mL
distilling flask, add 50 mL saturated borax solution, and distill ca
50 mL into 750 mL or 1 L Erlenmeyer containing 300 mL H,0 and
10 mL each K;8,0, and phosphate—EDTA solutions, (pH should be.
7.0-7.2. If necessary, adjust by adding HCI or NaOH solution to
K;8,05 solution and start with fresh test portion.) Proceed as in
972.08B (see 26.1.26), beginning “Add 10 mL HC], (c)..."n

B. Aldehydes as Acetal o
Transfer 200 mL test portion measured at standard temperature in
volumetric flask to 500 mL distilling flask, and rinse volumetric
flask 2-3 times with'small-amounts H,0into.distilling flask. Add
50‘mL saturated borax solution and distill, slowly at first, nearly
200 mL info same volumetric flask eontaining 2-3 mL H;0 and
immersed inice bath, Bring distillate to volume at same temperature
used for measuring test portion. i L g M

Determine total aldehydes (including acetal) as in 972.08B (see
26.1.26). Determine free aldchydes as in 977.08C (see 27.1.26),
Total aldehydes - frec aldehydes = combined aldehydes equivalent
to acetal as mg CH;CHO/100 mL. Alternatively, combined
aldehydes as acetal/100 mL = (combined aldehydes equivalent to
acetal as mg CH;CHO/100 mL) x 2.68. :

C. Total Aldehydes j :
Report total aldehydes as sum of free aldehydes, A, and combined
aldehydes equivalent to acetal, B. rd el Y

Reference: JAOAC 50, 305(1967).

26.1.28
AOAC Official Method 959.05
Fusel Oll in Distilled Liquors .
Spectrophotometric Method
First Action 1959
Final Action 1963
Method |

A. Reagents

(2) p-Dimethylaminobenzaldehyde (DMAB) solution.—In
100 mL volumetric flask dissolve | g DMAB in mixture of § mL
H,50, and 90 mL H,0, and dilute to volume with H,0.

(b) Isobutyl alcohol —Eastman Kodak Co. 303 (highest purity
for fusel oil assay).

‘c) Isoamyl alcohol.—Eastman Kodak Co. X-18, isopentyl
alcohol (highest purity for fusel o1l assay).

(d) Ethyl aleohol —Redistilled middle 50% fraction.

(¢) Synthetic standard fuse! oil—Weigh 2 g standard isobutyl
alcohol and § g standard iscamy! alcohol into 1 L volumetric flask and
dilite to volume with H,0. Pipet two 10 mL portions into 100 mL
volumetric flasks and dilute to valume, one with H;O and other with
akmbd.mmmmgmfmmduwhmgeofmlm
proof containing 1.0-6.0 g synthetic fusel oil/100 L by diluting
1.0-6.0 mL aliquots of aqueous standard solution to 100 mL with
alcohoﬁcsuluﬁonufpmufcxpeaedfurcﬁhnedmporﬁonm
ﬁpeﬂndimomlysismbe.l’mpuesimﬂlrwuﬁngmthr
products in range of 170-190 proof by diluting 1.0-6.0 mL aliquots of
alcoholic standard solution to 100 mL with alcoholic solution of proof
of original product or its dilution,

When 6 mL synthetic standard diluted with 190 proof alcohol is
analyzed, A should be 0.83 + 0.03 at 530 nm.

B. Preparation of Test Solutions

(Aged, blended and rectified products, whiskies, brandies, rums,
vodka, and liqueurs require distillation prior to analysis.)

Determination of true proof of product—Determine alcohol as in
942.06B (see 26.1.07). . :

medxmoontainibg%gﬁueloﬂl_lm;, dilute distillate with
H,0 to concentration of 2.0-5.0 g fusel 0il/100 L. Dilute § mL
b(andy,nnli,orblendedwhhkyto 100 mL; dilute 5 mL heavy
brandy, rum, or straight whisky to 250 mL. _

C. Determination :

Pipet 2 mL aliquots of test sample or diluted test sample, distilled,
if necessary, 2 mL H,O(for reagent blank); and 2 mL aliquots of
standards into 15 x 150 mm glass-stoppered-or covered test tubes.
Stopper or cover tubes, andplace in rack, then in ice bath. Pipet I mL
DMAB solution into each tube;:shake; and replace in ice:bath for

O2MNEANACINTERNATIONAL
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