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Report Title Flash Drum for Water Seperation from Biodiesel

By Miss Thomchaya Satitpittakun
Miss Nareerat Plylahan

Advisor Assoc. Prof. Dr. Prakob Kitchaiya

Report for Bachelor Degree of Chemical Engineering
Department of Chemical Engineering, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang

Abstract

This project aims to design and build a flash drum which will be used for water and methanol
separation from biodiesel. According to The American Society for Testing and Materials (ASTM
D2709), the maximum amount of water in biodiesel is 0.05 percent by volume. Methanol from
flashing process can also be recovered. This project applied material and energy balance calculation for
flash drum design. The flash drum diameter and height were designed to be 0.35 and 1 meter,
respectively. The design flash drum was tested for its efficiency by varying feed temperatures and feed
flow rates. It was found that at temperature above 45 °C and feed flow rate of 450 L/hr, biodiesel

product meets the amount of water requirement.

Il



oy =3
naanssudszme

a = e’d" d ' V¥ = r = o 1
WS qaninufil miiqa'n'lﬂﬂ'wﬂﬁ"wﬂ'nmrwmaﬂil1nﬂm1mimmzuﬂﬂanmudw

Aiaiupvounszaw
s#. a5, Usznou Aslywr 010158915nu1 nmindninssuall ausSranssumand
anithuna TuTagiwszsamndudinummisaianszils
= o 4; 4 o Qe
amzdmnssumans nvadesutlszumlunsiide
ar o o w A o’: ar A » o o : G =l =
Aaduing Tyafaudy Noynszhhiuiylfudrdwmiundainiudimadnm
Aaudaony 1nguda dnAnelSganTn nndsdmnssuindl nuzdrmnssumand a0y
matulatwszvoundudganmsaianseiia
o a o < s Y
nalwdu 91599 Aoymswglnsaldmiunsmaans
3 { L= = = '
quidud kalnd idmidndseiinininimnssunil auzimnssumand aodu

14 '

' . 4
L AldAnmds lumslsznew dfuilge iniea

L4

maluladwszsoundudmammismeanss
urasasy
=Y ] = ¥ el ° = a o = o o

guwuls grusAe ihmihiidszdinninisnssund ausdenssumans aniiu
ma Tu Tanszroundudnammisaansia nsemde lumstuenmsyszamanufuwiionu
MeusnanIiu

iy = o« o' o f =

WmiiAdaunuguaann uruadins isiguamiifudemas wasununguan
o’ o ) o : o o o °_ o P » P ]
vifunasau adaihduwss Tvus v38m dan. S1da @mrvw) tnganldnusyiniizinissile

= s e : or A’ = a o ¥ 4 - |

Tumsuanztguauiaveaniniusamduaziuuziihlunms 1dmiesde

>

¥ ]
gadeidiiidedanandsznsla nuzdiahuoieusunazvendvu o niil

aazdtan

20 LWL 2549

I



nin

UM AUDITHTINI. oo rsenreseess s seeeseereese e ssesesreseee e oo eeeeeeeeeee oo seoe I
UNARAUBNTH DN .oooeev oot eeeoeeaerasees e eressenseses e eresseseseeseeses e seessessssssesereee e 11
PANT TUUTEM IR oo oeese s ssvessmessesean oo eeeesesees s eseeseesmeeseressesesemsesessesees st esssreses seesesems e erenene I
DUVTUIEY 1evvveveeveeeeeeeereeseeseesssesesssssssssssssssessss e bbb e et v
ATTUTYTU e rrrs ot ssesssesses s sstssssases s sss s s e VI
DVTUYRIT T ot rrceraness e e e eeee s o cassas s st e e VII
C LT VLY SO VI
T T 1
1.1 A AR RUBATRMY . e 1

1.2 F0QUTEHARUBIAVIAAU Y. oottt 1

1.3 UBUIUAN TIT U ceverr e vevsveesseasineesos s s sesmeseesemeesenseeessesesssressssessasesressessesseseseesesremesesssererees 1

1.4 1fumauﬂ11ﬁ1q1u ................................................................................................................. 2

BCRR LT LIk 2V 2 VPO

l:i dd’ d‘ » L d =
UNN 2 NOQUDNDTIUDINUATUTIY. oo seass e srssss s esssssressassssssssssnsse e sesen s 3
a4 o
2.1 NG AT I U T OB NUUUUWATATH. oo esemeese s ssnesseson 3
211 MO T IUUBIRATATU oo oo oo 3
. 4
2.1.2 MITATH LD NTDDTILLL. o eereeerereeeeee e eeveermteeeeesrnmreressasansersesesesresesessssesenesnns 5

1 4
2.2 MIRTIWABUAMANVDINNITUANAT NN ..o enrenenes8

» [
2.2.1 manageulfinanhaaszlunlhniuAwadinwamiasgiu ASTM

LD TR 8
» » ¥
2.2.2 Msnaaa Ul Tend Manua T UABAT I W e 11
2.3 ATSAIUIN Vapor /Liquid Equilibrium (VLE). ... ..ccivioiieioeeeeeeeeeeeeseeeeenesseenies 12

UNA 3 MIATH I TOONULLARTATU o ere oo 15

3.1 MISATUIBIVIIAUBIABATI. ..o 15
3.2 MITAAWAIIIU (Heat DAlANCE) ...vieverrerriereirecreerreeeesieeereere e e ees e eeeseteesee e 18
3.2.1 minueunailvesmsflou (Enthalpy of feed)...........coovveivviveennnnnn, 18
3.2.2 Minueun1allyesigninle (Enthalpy of vapor)...............coeeereennnne 19
3.2.3 MynueuniailuosinnInusaman (Enthalpy of liquid)...........eceveene... 20



a9ty (79)

3.2.4 mamgaingiiaza NudeuR iU o, o 20

3.3 AT RV NI OBALILL oo 22
TR LI o T L 24
E R 7L 24

Fd
.2 QUNTOL ..o rins s ssssse s et eere e s s oo 24
el
T 21y 1T T T OO 25
v » ¥ »
4.3.1 mywnlsunanhnazawlduanihemszlwminivdwasnm.. 25
4.3.2 IS SN TN TNUOIUHRTATY oo 26
» 1
433 MaANeH S nahB e s AW M S0INA a0 Y 27

1 ;1 R PRSI 27

UNF) 5 HAMSNAAOIULALDTUTIWHAMIINOADY oo 28
5.1 Bwenhdaszuasifiozaw... .. 28

52 U AN INUBIUNATRTI oo 29

5.2.1 Usweni e s Heruni vy 0.2 % TOOMIooo 29

5.2.2 USananh e s o uiAY 0.5 % TAOUNeooo 32

5.3 HamsAnnmmasfiaugasen eigninlounzveaman (X-Vatue) .....................34
UM 6 1QUNAUAZIDIIUBIUL ... 36
6.1 ATUHAMITNRANBI e essssr s emees s ereseneeseseseseees s sess s 36
6.2 TNTAHANTINADBY oot oeeeseses s sersresess s e 36
6.3 DOUTUBIUE..rervrvssecererersessenssrsesns et esssesssseesssnsseesessesessene e 36
DIEITB B oottt ss s e es et e e 37

VAU N oot recsresesmns s e se s sssssssessasarearessensessesssesssssenmsmmessseseessreersereesoees e 38



U ni
21 BHATATU e e e ettt e 3
2.2 DIZUTUMITHUNAY . ..ottt e ee e e e e e e e ea e 6
2.3 CentrifUge tDE ... e et aa e 11
BT UUTAVBSUNOTATI . ..ot eee e e e e e ee e et 15
3.2 SURDUN T SEENAOENEIOUBII. e 19
B3 UNAYATU ..ottt et et 23
ALUAATATY oottt e ee e e ettt e e s eeeeene s e 24
4.2 (7393 Centrifuge MR OUH TN BASEUOEALAOU oo 25
43 1n3pamameumSianivimua Tasms Imsadas Karl Fisher Tieator............oovovov...... 25

» ¥ » »
5.1 YTnaniheaszuazivanualnihduderndinw % Taowia) o dnsinnsna 100 fasas
é l:' =0 A Lo : 1] [
%21y Agarngiin g TaoldSuenhluastlouniidu 0.2 % Teowa. 30
» » » »
5.2 UsinaniBarssias i manua Turhiuamsadnn (% Taguan) w asn1s 1va 180 Ansas
< o a a e r ' w
#2119 Nguuglianen TasdivFuanhlumsfloumiiu 0.2 % Tauuaa. ... 30

» ¥ » [l
5.3 Ysunanimanua hoiviuamasinmudwinkunszuunsuday Hoasins Inauaz

qungiinie TaediSmaniluestonsindy 0.2 % TR o 31
5.4 YT daszuanimamualnhiiudsasonm (% Tavuna) e Bws1ms 1Ma 180 dasde
#2Tus fgumgiinie TaviFananfluestlowsid 0.5 % 100w o 32
5.5 Uhnaniwaszuasinienuatuiimaadanm (% lavuaa) o 6a3n131va 450 Aase
$1Tua Agamgiiaien TavduSunailuas fowyiiy 0.5 % TAEUAR. 33
5.6 manifanualnhiudmainmndsnnsunszununtsuas fsasinti nauas
qamgiiaten Taviiueni e sHeriif 0.5 % TAUNIA o 33
n prenuduiusszniennudy (cmHg) Lmzqmﬁqﬁuaq'lmfﬁuﬁ? () YOS 39

VI



MIUYMITN

ol ¥
MINN HUI

(oL TR O 10
=Y o o o’ =3 = : u,: : o A I q‘ o 5
5.1 Namnmnwﬂimmmam:uasﬂimmmmﬂuﬁiumuummawmm‘nqmngwaq .......... 28
= ¥ - : u’: : or o =4 [ L .é = =y
s2 suahsaszuasrivanyahuiduRmadinwndndunszuaunisunandeduSyin
»
e ST OUIY 0.2 % TOUUID e 29
» » » L
= L o LY a o o 1 A = =]
5.3 Ysmanihvaszuantimanua lninudmaFinmndwinsunszuumsudanie s
o
TS oMY 0.5 % AU 32
1 d’ ) =]
5401 Ky ) QNG 45 DI MHOETUD.......ocooeeoeeveeaseeeoececeseesesressesseeesesmsessasseseseoreseesrerens 34
v - Y o
55 Ky ) NQUNDU 55 DIHUDDEEYN.......oeoveosscecennessscs o reeresssessessrmsssesss s ssssssssssesesns 35
1] Ei -% -
5.6 01 Ky ;) NQUNQI 65 BIAUBALTUN......cooorrccrverrrrooeereesmesssssssesssssssseessssssssesssssssresssssessnneeen 35
¥
LI LR LU 1 T 38

VIl



o

sar

L2~y

Yanyal

Rt idavesaraiy ()
aaugaufoudumzvesmstlou (ke X)
rim’nm;mm%’au-i'hrm::-uaqﬂym’uﬁwa%’;mw(kﬂkg.l{)
AL densuinzye i (0ke K)
mrmgrafeusuwzvesler (e K)
@uruguinarsvesunas (m)
BATINIG AT AV Tilou (ke/hr)
wumailvesmsilou kikg)
pumatvesigmavedrainldnnnszuunisuday (ie)

wumoailvosigmaleidnnnszuumsunay (Jke)
wunailveamistloudanar k)
unaillswvesmsvidumazadudsnm (k)
wumatlveaigninveamaiildenmsurasdenan (i)
lpumailiauvesmsvivennnuiarasudem (ds)

wumatlvesigninlefldvnnisudayasna ()
Amsfiaugasznihaignialeuazveunaivesessszneu i
8ns1ms Inaifaavedigninvsavad (ke/r)

wa luiaravpImas (kg/kmol)

8@3INS IMaITIaveIdsteu (kghr)

E v
on31M13 madanaveninfudwadinwn ldnnnszuiumsuras (kgho

» ]
6n31013 nagauaveanhiiegluasilou (kghr)
¥
on31M3 IMaFannaved o1 (kg/hn
s = : d' 1
gna1ms g Ivaveniegluarsilon (gmolnr)
anuauneluudasasy (atm)
o’ o a =
ANNAY lovpaeenszneu i uTgnE (atm)

sarmsIdnnudounnmsdou ars)

Vil



rcf

S B B

i

mnafvneanaund

Sty YAy (m)
Relative centrifugal force
gangiimeluiraraiy ()

gamgiveamsfon )

gangiivesnisoundnnldsuanudeudewdhqudarain )

gunfiines (K)
Superficial velocity ‘Uﬂﬁi‘]mﬂ'lﬂ (m/s)

§ny1ms Inadauavesignale (kghr)

ons1ms maalSunsluigainle m'hn)

oR31Ms InaivslTnesveemstlou (ke
ﬁ'm1m-s'l14m%qﬂ?mwwauﬂﬁa;ﬂumsﬂau (kg/hr)
sasrdnuFaiavessansenoy i Tufgmnveunad
sasidudanaveinsndszney i luigamle
Sandudmavesnsiilszneu i lumetlou
AnumILe i TuAma s 0w (glem’)

| 4
anuniunivvesloth (gem®)



1.1 anudhvnmezanudnaveslyn

|3 s

L : o [ 3 A J v ] & ]
Tulsgusianiuinluaaialandaiinua ldufiezd Sudigevuadianeiiod itiodsin
.. w 10 = ° a d ¢ = g o & a
mslhinfutinanihiiidainmsanaa swhiifamsn lsuaslinadlhiniulismgain dndy
9 & : ol [ ] = ar
uamaud luilgwudeainiuludssmane fguialdiuleuwneznmasunauny laomwz
: o o dd J A b or o o =
msnaumahiuAanilnmgeiu deitludiuddglumsszaemsinigidau Tamarsugfe
[] ¥

vealszind ieaninransenuvesaniniussdawansenuiihuianalildigramnssudien

: o o = W o [} o 4 4 L4 t
ihfuAmadnmidlundanunaununiivnumedisnlumsduindeuniossud udnis
o : o A = : w o < 1 : o o g e & & Y] =
wambtudwaFinmoimi iufsiddmiunisud Inn wu dafuhdy diudamies danail
. = o o 4 e < o = v 4 @ oa 6 8w m
sinmwanaiioFoufsufminiudiwad 1d0nmsnaudTandoy datuefinmsdniniuds

» ]

g undunsedidhiniuiudadnm Tasdesldammeafinnfiunedmiumaminl§izensu

c w A ay y > a Susnsqlins v 0 (maa - 4
uiunsl5uda lag1dnsanToiuailuans snser niwinnsiilgnsoestiumivsanuin

- L] oo - 18] A ° ﬂ Ly 1%: 5t o aao
lﬂu“allﬁzﬂ']ﬁ\'lﬂgﬂiﬂ'u'ﬂﬁﬂﬂg WIUANUVULUNADY u1ﬁ1\1£ﬂTnuaﬁllﬂ$ﬂ7154ﬂgﬂiﬂ1aaﬂ“1ﬂ

»
o

. o & ) o q Wt o - ' . W a a ur & ¥ a

Wiy Feezdnaiidiimaundesylniniudwadnmennszurumsdudaiuidesiing
A o A o . - - :

afrnToaudayasy (Flash drum) o bhiniudiwadanwmd 1A launasgrudmiuns

T 103

ar Jd =
1.2 Jagilszaenvesmsfinmn

A o o o' o’ o o -}
1.2.1 senuuuinTesudavasud wmiumsusmiteaneminiudiaadnin
[] ¥ [
1.2.2 Anwtanzhminzauiumsusmieonsiminiuamadinm

» »
1.2.3 Anwnautiaveniniuamadinmn landaonmsuasy

1.3 Y8UINANIIE

1.3.1 spnuuuniosudarainlaon1sqaudn ( Mass  balance) 11nZAANAIIU(Energy
balance)
o o A o . S o e
1.3.2 ﬁﬂ‘ﬂ'lﬁﬂ'l'lz'ﬂ!ﬂll']zﬁﬂﬁ'lﬁiﬁﬂ151%1ﬂ‘38\31|ﬂﬂ‘]iﬂ51]1“ﬂ'lillUﬂu']E]f]ﬂ‘i]'lﬂN'lﬂuﬂl‘lm

AN



a o = o, e’ o a 1
1.3.3 Ainnezvrinaihlnhiudsasinwudaendunssuumsunay

1.4 YUABUNITNINIHU

14.1 funfuazsausawdeyalunmsesnuuuudayaiy
14.2 senuuunieadayasy launmsqauiatnsgandany

da 1 = &v-:; o ¥ A s 3 1 oy
1.4.3 Anwiannziinadodsineninldudsnniuniswrasaiy 1dun gumgiives

» [] ¥
indadinmitloudigurareiu uazdasims Inavesmsilouveainiufmainm

= o = : o’ LT | L [ ] A ar
144 'Tll.ﬂi'la“,ﬂ'l‘l1ﬂiﬂ1mu11uu1ﬂuﬂlq§ﬂ‘iﬂﬂ1ﬂﬂf’l\ﬁl'lﬂﬂ'lulﬂiElﬂll?‘f’l‘i!ﬁill

1.5 Uszlaviinlasy

[ »
L] o o o A s
1.5.1 SeuimaembhominiudmadinmTasldmIeadasnsy
¥ »
1.5.2 mwsnasdTuanifieghniviudesadinwidihu ldamuwasgude luidu 0.0

wWesiiun lavdSums



uni 2
3/

=) d'. :; ' o W
NHHHYNNYIVDINLITHIDE

.d' t - d.d’ ] d o 1 (=0 o
1u1muﬂznm'smnqygwupumaq ‘i’II.ﬂU’J‘UDQﬁlHﬂ'l'i'Ji]Ull.ﬂﬁﬂ'li'é)ﬂﬂll'UUllﬂﬂ‘ﬁﬂﬁJ
o

o o w5 y w i 4 a o
ma‘li’ﬂumimimmaanmnmuummn%mwﬁﬂuLflaummnizmumsHnmmzﬂﬁmmﬁamn

ATLUIUMIALY

2.1 nqenlslumssenuuuurayaiy

2.1.1 viapmamauvesulasasu (1]
uiarasuduglnsafawrsaiunldlunsuenasazarolasdmfszinodoniedl

= a t o ¥ ! = < -4
yiReafnezgni ldszmenmuiiu leusnseninandwnduvounardfeszime ldmn

»  Vapor

Feed

»  Liquid
qU#t 2.1 uravasy

nszvaumsudasdunssuuns ety 1dhe deveamar Inaknmiefivimsaraiy
fuluannefimunzan dufszmoiunioiiyadend ssfamsszmenardiule desina
ﬁ’uﬁﬁmq&ufasi’maﬁflﬁqmﬁaﬂmaqmw’hmﬁau auRaNYeignin 2 ignin fe Igain
voumaung igmn lese Inamurdhgiidvswrayaiy ’J’gmm’r’mawzlﬁamiuunaaﬂmnﬁu

Your9e nasengnisuenmeiuanuests diuleve Inadoon T dmuuveads niely



=9

pansdioviimIasanuaumeluddinsazness nauaueud adigaad e sunaraduh

o s o - n' 1 = o oo ¥
nmmisannIuAaY 'ﬁ'ﬁTliJi]ﬂlﬂﬂﬂﬂ1ﬂ11ﬂ$lﬂﬂﬂ155$lﬂﬂﬂﬁ'IUL'ﬂ'IJlIBhJﬂH‘HTIﬁ’I'Sﬁzfl’lﬂulﬁﬁl‘ll'lq

o

7049 voavaiee Iwasennaiuaras levz Ivasennauuuvesalde Tlumsdiunserni
Nz " A
lTavauunzuaziuuaiio
oW :;qu 9 9 ¢ o o 3/ a o : :wd
Tumsisensdigife 1Amnsdszgnaihudara funidlumssridmilunidufioa
Fn i 1leeninlunimsgiues ASTM ladimua I3 ininiudiradnmnansotun 14y
i ¢ A |m H Y o " a L d o = > 4d ¥
wieseusseiitTinanihilunhiudanmidluny 0.05 wessud lasdSias [2) Tanifiduion
1 : o o — = J l!’. s t |
aglwihnidaadinmwiaduiiounsinauvg 2 fivlvgq fe
» »
1. inanInATEUMMINEMDITuAaT ™ [2] TunszurumswamiduRsadinine:
& oy o : o A -y o w o 'y =y e s o | 9/
mmswana lasininfudanie luiuondafudnljassfuieanssed wu nmuea Taeldiue

a oW o

urdudus wl§iser wu Tmdon vieTnunmdonlenson lod naadusiil Idnnn1sifase

o [ =) < s &4 da v : L) = = ey o a J o
0 N TH LAZIUNAUBHINDT HIDNTUNMUIUURAIB DY IN A ﬂgﬂ‘iﬂ'l‘ﬂlﬂﬂ‘lmlﬂuﬂdﬂ‘l.lﬂ'ﬁ

G O

i ¥
CH:-0-C-R, CHy-0-C-R,
|
| 8] O CH;- OH
i 4 i |
CH -0-C-R; + 3CHi0OH — CH3;-0-C-R; + CH-OH
| {catalyst) |
| Q O CH; - OH
I l l
CH;-0-C-Ry CH3-0O-C-Ry

4

caa da & Sa 1 aca o o . N
UgiTefuAevuiGond U§Asems mueameTMndu (Tranesterification)

» v » \
padninfunesimhmssaminiuAaFnmtdSinunse lvfudaszas diothumi

“

o o 1

UgAsemsmueameiMinduduieanesed nialviiudaszezsinlisofudusagisouiadiy
o 4 w
ANz YU ASETUNS
0 0

ll I
HO-C-R + KOH — K'0-C-R + H0

» [] » 1
o 1 = L.

¥
aniunsufsziniuiunihlsununsa lvfudass gauwdadhniniudiradinm a1
» ]
desiimsiidansa luiudaszaeu Taminhdunfidsuiansa lvifudas gauninlgasomdy

T ¥
mmuea Waasuein lAvInmsRnl§nse e wiawameiai daums



0 0
I (H,50,} |
HO-C-R + CHOH - CH:-0-C-R + H0

v as o & o ¥ o E

o = aa o oa t :
naaunsismu ldhiihiufaiuend§iser hfidstuivdiuniisezazavegludu
» ¥
Wilunazau Ingez meawsglusunmiuea
» ] Ed
2. assuawmsdrainiudeadoniv iiessinlunszuounsedmbuRmadanmwee
J a J [ a v P . a : o
anuaziniofiaiuu wu Tmdunlaasonlad oy lsRou (Sodium soap) iludy ¥ 1d iy
a = a4 o ya’: =4 ¥ d’ ' o o o 4 9:
Aanaimuinda 1diuil lessumariinzawey n13hde losoudnsai 18 Taon s 14hidng
E o a ¥ = :' ] J » 1 : @ =
Falunszuumsneziinai iilTuanisnouniisandseg luivivdieadanm
¥ o 9_w :r ov LA = o o =
mildudasaiulumstidaiieennmiviudiradnm sziflunisdivaunivead

Yo, u - P . r
waandelniniuadgaFinmennszuiunseaa 148nn1anile e nannzn1siiauf

] [ o ]
r o oo e

¥ 1 » »
poniLVUuez A nan 1z ilFdmiunmsszmad uaumueaiiyadeafidinini sniuile
¥ [ T
o a [y o =5 9 o
mstenti lagldudase Summannefiviinsoonuuumn Swwsodriamumusanaunie

oy luminivaeradiniwla
2.1.2 NI 1M IBUNBNITOBNLUY [3-9]
1. MIMAUIAAT (Mass balance)

AUNIIHANIANTTIY (Total mass balance) Ao

F =V + L (2.1.1)

e F: 8asnT imalawiaveamstlou keh)
v : dasims madauiavesigmale kghn)

L : sanims Tnaawiovesigninveunad (kehr)
HATAUNITADY Jamivenansznou i (Component balance)
zF =yV + xL (2.1.2)
@o 2 : Ss1dnFanan (Mass fraction) vesaasalszney i lumstleow

y, : Sas e uBnrIa (Mass fraction) vosnsnszneu i luigain'le

ar 1 = R o R @
X0 DATIAMUYINTID (Mass fraction) vasonlszney i 1u1gﬂ’|ﬂ‘uﬂ§!"ﬂ?
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317 2.2 Aszuumsuvas
TavingUd 3.2
T, : qungiivesmisilon
T, : quugiiveamstlioundanaiunszuumsifanuiou

T : guuginieluudayaiy
2 MIMNFANSINM (Energy balance)
] o o 3 - ° 9 ¥ ' 5 o
Tumsdmgandanuihildniiuidesiimsidnnufaundmofloudzesan
inla aumsildlumsdnnm fie

FH, + Q = VH, + LH, (2.1.3)

. wumatlvesmstlou kg

v:m .,F

: wumatlvesigninle &ikg)

=

: ipUNAYBIignAveaNaT (kike)



0 : sasimsidanudouunmstleu ass)

Tagszdmimsndndamisnnamsigauiamsuazqandssnae 1 luunmd 3
o z E g [3 [ o
Tumsesnuuuurazadniy szdoaiinmsfiuinm Superficial velocity veaignin’e

wemimsmunaduriuguinaiavesds Tasaun 13l lunisf e superficial velocity

voeigninleve 19auni1sves Souders - Brown [1] TumsAnau fe

(2.1.4)

a o
o u, : Superficial velocity 'LlE)xl'J{]fl‘lﬂ% (m/s)
£, 1 AMUMUNLUYIINAINYBANDI (gom)

£, : Ammunniuvesigainle (gem’)

4 ] ' LY 4
Tauaz 14 Ideat gas law TumisAnammaumuuniveesigainle ulesnaniiz lums
g o o e o a v o o
Autiumsveamayaiuiag 1 fuannsifigunglithunmanazanudud Ssmnsaiins

Ao @ oo 4 [24 o
auANMluigniniodsswgdamdruniagaund Tao

PM
p,=— (2.1.5)
RT

s ATNAUME luduWaYa sy

P

o
M : v luanaveaney
R : mmfiusanagauni
T

: quugiimeludurayaiu

3

¥
MuIsoA I IR davest wrdasa sy Idenauns

V
A=— (2.1.6)
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Wo A4 : WuRnthdaweada (m)

y : 8asIms adalsuas udgninte (m*hr
& o 1 o [ d o ¥
wesvindudiuginsainszuen vnadurmuguinatvestaumaraiussmtdsnaunts
A = 1tD'/4 2.1.7)
A 1] | o o [
e D : muruguEna1veanunayaiy

M3IMMUA Residence time 3¥h I ausofmammiTinasvesseamariiogmolugaia

Geal D. Ulrich [1] 1Araueuuzunuamialunmsesnuuundasasuli easidmsening

]
! 1

1 1 o a ' [Y o }
mmmasduiguinaneadnslalszne 3- 5 uazszduanugavsadsludiuiioey
miBIzAYOUNINITTMILYA 1 was nielauiududugudnativeads

L4 ] [l ¥
mi3seidiumsisuienimseenuuy uayesude 1 lumsssaimazmiueasen
nywdd w:ﬂo QAw & o dn v Nd’ ¢w1
niniuiuaaadInm dafudhmsWesahinanei ldeue Piunlseynd 4 lunmsesnuuy
diensvszAummgevesdiufiegmilessduveunad uaznuszAuve unaIneg

[ R e a o : o
M0TuE  Residence time Aifmua Aoz dnsuanugeswimuaveads 14

2.2 MINTINADUA/UN HYBIN BT HATAY IMN

1J?mtu1f1ﬁa:mua{jlmfwﬁuﬁwn%mmsuﬂmamﬁu 2 ¥iia Ao 1f1ﬁazmua;j‘1mfwﬁu
(Bound water) tazr 183z hiaza iy (Free waten) Msasnnaeumilsyieniaasaz e
FEnsannnasg s ASTM D2709 [10] daumsinaieivilSinanininuaii lud uh ahsars
uazihiazaehni i) s21935msnagonTaoms Tnvsadauadoaiie Coulometric Karl Fisher

Tritator

2.2.1 minageurmfInanidasshniniufivainmaennsgiu ASTM D2709 [10]
LU | 1 = a o' o o= - A Af o = o od -

thyfudmsduadumsimitiufmadinmedugemauFondivd wazdeats

4 o oqye ¥ oo & ¥ oA 2 aw o dawy a
au¥eiu Idiudus Ina SedeadinisasrnasuquamTaslunisiinisisonsail 1481484
uazibsautuglssmAnsugIRMANY 51 AMmuadnyazsiazgunmveniniudma
[] »
Finmlisinnfawmneivonsaleiu wa wac [11] 51007157 9 TaofmualdiuSyai

Tigandi 0.05 Yeraz Tanl5ues Idinasinaseunuinas§iu American Society for Testing and



Materials : ASTM D2709 Standard Test Method for Water and Sediment in Distillate Fuels by
Centrifuge
»
Tﬂuﬁnymzuazqmﬂm'umﬁmuﬂwa%amwmmwn:mummuﬁ’wﬂszmﬂnmqmi)

NAIITULTAIAIAIIG 2.1

»
AIIN 2.1 dnvazuazqummvenhtiuArnIinmawswazs@oauhelimensugsne

WAL

516013 Jofmua AT
1| armuiiiy (kgm) 860 — 900
2 | anumila (cSo 35-50
3 | gamu (60°C) Tidin 120
4 ety (% lasuan) Tiganh 0.001
5 el &% lavuan) Tigand 0.02
6 |11 (4lau3insg) Tigani 0.0
7 | Awanilunia (mgKOH/g) ligant 05

NINATBUAUAINAIY ASTM D 2709 13819891nA3§711 ASTM D 1796 Standard Test
Method for Water and Sediment in Fuel Oils by the Centrifuge Method Tavezdoaimsfinnam
AUz rud S unsmIsamagey 3301519 lumssnasudssnlunisinses

I o A
nageull 2 31 Ao

g ) -1 o 3 A
1. Werumslumsdnmamusisoy Tavaunsild fe

rpm = 265, f f_gj_" (2.2.1)

& . .
(0 rcf fip Relative centrifugal force

- ] c‘ - a’
d fie iduruguina1sveITOLIMIBN (i)
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- o o o ' ¥ v 4 < a <
AT NN 2.2 FI'J'I'IJET!J‘HHﬁ5S‘H']'Nﬂ’]'ll.lU'I’Jl.’ﬂuN'I'IJP_ﬁwﬂa'N'UENI.ﬂ'A'EI\TlH']UﬂLﬂEFITIlIL'i'Jiﬂﬂﬂlﬂu

ﬂT':'L'H%EJ\T

Diameters of Swing Rpm at 500 rcf Rpm at 800 rcf
In cm

12 30.5 1710 2160
13 33.0 1650 2080
14 35.6 1590 2000
15 38.1 1530 1930
16 40.6 1480 1870
17 432 1440 1820
18 45.7 1400 1770
19 48.3 1360 1720
20 50.8 1330 1680
21 53.3 1300 1640
22 55.9 1270 1600
23 58.4 1240 1560
24 61.0 1210 1530

daunaeafildlunmsmIvanadon muwinsgu ASTM D 1796 1ddmualdld

4 i = = a1 L L d:
Centrifuge Tube Fatfiunasaiifinaugs 203 fadwas figdsrnsalay St 2.3
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FIG. 1 Eigh-inch (203-mm) Centrifuge Tube

Eﬂ‘ﬁ 2.3 Centrifuge Tube

[
o W o«

2.2.2 manaseumiinanivianun hdassuazihfiazmweglushiiv) hniniudian
¥ [12]
) . . aq a dat o 31 ¥ o a ¢
Karl Fisher Titration (Hu38a1simagdngminnldedandevnsdmiunisinsizin
= g’ a a w e o o Ay aq ¥ o = [ | 5
UTmnanivieglundatusiminmadon wannsAugudlFdhmiunisdinsed fo nisld
aaa 14 . . . & s an ¥ o o
U{jii3en Bunsen 53¥314 lodine g Sulfur dioxide ¥alfAzoniiansatimmnlszgnaldlunts
= = : J = ld. = L}
Ins i lSinanirluszuy Non-aqueous FaoxfilSunaiuas Sulfur dioxide ivmiiuwooy 14
o 0 — . aoa a a J
mwnueaiudmiazatw (Solvent) wazldiud Pyridine 11 Buffering agent TnedfAsoninadiy

a
13

ROH +§0,+R'N —> [R'NH]SO,R

[Alcohol] [Base] [Alkyl sulfite salt]

[R'NHISOR+H0+L+2R'N — 2[R'NHI + [R'NH]SO,
[Alky! sulfite salt] [Hydroiodic acid salt] ~ [Alkyl sulfate salt]
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ueanesenvz AT o1 Sulfur dioxide naoITiU 5 Intermediate alkyl sulfite salt 3992
gneendladaau lodine nanenifuily Alkyl suifate salt Tasmsvlismesndiasudesldriiy
msnfisedan

Lmaﬂaaaaﬁ“l%ﬁ11Jﬁﬁ?u1i]zrﬂu IMUBA 1BMIUBA Diethylene glycol monoethyl ether
(DEGEE) #3auoaneseasiindufininzay

HANNII9IUYBINTHATIZHED Karl Fischer Hhi1102 Todine Tusasadion 141 Tuns
N1URATO Todine ﬁmmﬁuwm1nmiﬁ1ﬂﬁﬁ?uwzgnﬂnaﬁaué’w Voltametrically 1ao Indicator
electrode 93 W dgygnanilofeyagatlumsnmn

ﬂ?mmﬁ’w‘fqwuﬂ114ﬁ":t)tiwnzqnf'i1mmmnfhﬂ'nmmnﬁhwmﬂ?mmmm lodine iy

» ]
s uiazSinnuea lodine ign 141y Tums Ininsa

2.3 MR Vapor/Liquid Equilibrium (VLE) [7]

Tuntsfinuifed VLE dunsmiingues Raoult 1i)ssgnaldlunsdunatd Tnod
- ¥ d 4 s -
auuagu 2 SeuduAugulunmsdiuon fe
1. IgnnledssngAdindin Ideal gas
2. Sgmaveamaniiu Ideal solution
o 1 = s ° o 4
wiiu M henauuagiudousmivesi I anisoiingves Raoult sz gnd 19714
r v ¥
WA YIS ULIATA NUAUS WY

» ¥ ]
nnduuag e 2 Joil Ml RaumsnlFlumsdnom fo
»P =xp" i=12,...N) (2.3.1)

lavh  z,  fe gasiaulavTuavessaddsznen i lulgmavounad
- a 1 o . a
v, Ao aanadmlasluavessatlsznon i luigma'le
P Ao AnuduresTzUL
o M o 4 . a = a
P,™ A AnAU lovesoaflszney i uTgnT w guunivassz

sandmsznheigmaleuas ignnve unarfiamazauga ssi ldnnaums

K =— (2.3.2)
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Tagiie k, vziSoni1 Amafiauaasznieigninleunzveunaivesesflsznon i wie

K-Value

9INNJUBI Raoult K-Value 3xv1 TA9INTUNS

»
NNAUMT (23.2) y, = Kx, U0z Yy, =1 4y
LKx=1

M3 (2.3.4) 92 199 1m$1 Bubble point calculation BN 1WA Y04 x,

Twieudsiu aunshldlumsdmud sy Dew point calculation Ao

(2.33)

(2.34)

(2.3.5)

amiumsdnnaluszuumsuday weinisanszuy 2 igmafinsugangd anudu

} [ r
uazesmlsznouviaruavesas TasezSuainfivsarszuufivsenou ude 1 Tuaussarsilon

' o | ¥ A o ) - ' o dw ¥
AOHHIVHAUNMN .I'H L Ao TITHTNTuﬂﬂaHuQ“u']Ul’Jﬁ’HIEN'Jgﬂ’]ﬂ"Jamﬁﬁ’]“.lﬂﬂ'lﬂﬂﬁzuquﬂ’ﬁ

o ¥ J t o ﬂ'
udos waz ¥ As SwanTuadeniiomitonavesigmalen 18nnnssuunsudas 1218

AUNTINNMITMIAAYIRING Ap

13-4

4 v @
BN L = I - V AdHY
z=x(1-V) +yV

\ ¥ & ¥
HNUHAT x =y, /K’, HAZHUNAUNTTINDON y}.‘ﬂzulﬂ

2.3.6)

(2.3.7)

(2.3.8)
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IETIVE -

1A LY : o 'S
NAWTBININ Ty, = 7 AludunT (23.9) dmTunaTiuvennesftliznouie

z,K,

L&y

(2.3.9)

(2.3.10)
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MM soonuuutiayasy

3.1 mMIsmuIvIavanarasy

o M o =

¥ » ¥ »
unseenuuuaielllddmiladedarinanaauazaiwansolunsiidmhesnyniniy
L ]
A miudidy TaedmuasanmstlowiniudimadainmTaoilszinaie 150 dnsaesTue
figunaiidszuim 80 esrurmion uaziinis muguaruduntuuasauiinnudy 0.3
VTN
|4
ludasdulddmumduriguinansduiiu 035 wasezl@anugavessaiu 1 was
L
Sunmsderianuane 96 ans
- o u': ell.’ Yo ¥ L] 4 -

lunisseaiailldhdeuusitluniseonuuuunayaiuves Geal D. Ulrich (] wn

rzgnalilunisesnuuy Taosunziluniseenuuy1dna1a13h dnworduriuguénans
¥
VBINATIAITZN TN 0.34 1AT ANUGIVEIRITIMUATIAITZHIN 120 (UAT LAZBATIAINYBIATTY
¥

guimunden e mgudnadinszn i 3-5 szuzenigminveamaiiiduuugaves
Y o r M g ' [ o
tvezlinnlszum 1 was vislmlsznudusuguinaiaesds

o : = [ 5 [ =S T [ Y J = M o
anluda i inualdseduvesveaunaigagalidumify 0.3 was Faliszozimilaignia
vesmadae muwgavestsiinuviiy 0.7 s AnduyTuras Liquid holdup 1110y

V=mrh
V = 2(0.175m)*0.30m

V =0.0288m’
V=288

(3.1.1)

|~ 035m —>

0.7m
Im
v
A
288L 0.3 m

IR 3.1 vumvesurayasy
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P a w [ = & . R
e ldd mumlSuatveamarnwlugaunifu 25 a3 §93) Residence time 10 WA Loz

ANuuuesasteulinilszuim 0.9 giem® Auiussaunioaasasims lvaidelSuiag uas

o

o = ¥ ;
8937013 IMaiFanlavesmstou’ldaei

__ 251  60min _150L
10min  Ar hr

o 150L 09g 1000cm’ kg _ . kg
o o 1L 1000g hr

F

dio  vr: oanims TvaFalTunasvesastlou (Lhn

mr: BATINT IMaFeuIavesenTilou (kghr)
o 9 ot : ’ : (Y] - Y
lumsesnuuuszAmualdmistloudiiheduszina 0.5 % Taminin uazgungives
1 o A - o 1 =
MY 30 esruaraidue wwetiguuginilu uasaduriiiy 75 osrusadue vie 348 serunniu

¥
L L

| 2]
AniuaIms vaids TuaveaTinaniweglumsilou Ae

05 ke 1

Ry p =——x135 —rr—
100 hr 0.018 kg
gmol
iy =37.5870
’ hr

& e a ¥
We  n,: dasimiivada luaveahluenstleu (gmoihe)
o (7] : = = d'l = y:
Uaz I T0AIUINORATINT maved levuselSuas iwWeauudlvhilumsiloussivey

b »
naeiin'levir1dviua fail

. _ (3.1.2)
PV, =nRT
3
, 3758 [0.082 8- 4m | 348K
. Ry o RT hr mol -
Ve r = =
P 0.30atm
; dam’
V, . =3567
’ hr

3 3
VWF=3567dm X Lm X lhr-
’ hAr 1000L 60min
3
V, - =0.059"—
’ min




%
ﬁi’!ﬂ%@ﬂ_ﬂwaeaumé'mmnsgm

| - »
Wo  p, ,: sanimslvadaliinasves e (m¥min)
VINTUNTT (2.3.1)

u, =0064 |2 P2 g

P

(2.3.1)
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A L] o’ o = = 1 o a.: ' : ]
e aAnuvunninmhiuAmasinmilianltzum 0.9 gem® daiuanumunmiyves e

ANLAY 0.3 atm Unggaimgil 75 swrrmraFsaawtosuon1den

_PM  0.30atmx18g/mol
Pe = RT T 0.08atm - dmt’

x 348K
mol- K
g L 4 g
=0.189%x ————=1.89x107% =—
Pe L 8 1000¢cm’® cm’

»
L

¥
ANUA NI MUY Superficial velocity AR

1
y < 0.064m/s 0.9g/cm® —(1.89x10™)g/em® |2
£ 1.89x10" g/cm®

u, =4413m/s

u, = 44137 x60—— = 264.8
5 min min

» 1 ¥
TUITOR U INURHT A avesde 1Al

Vw'p _ 0.059"13 /min
u, 264.8m/min
A=m?

r=0.845¢cm

Areg = =22x10"*m?

(3.1.3)

L { o 1 ] w : g ¥ s @ o
Airiinldnnnsdnadiddfesuansilunsesnwyudaiy s 1gnidaivue

] [4 [
RURTUgUENa19YBIRe

62327
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3.2 MIPANAIY (Heat balance) [3,4,5]

naniigandnuludade 2.1.2 nquimfutaiiemsosnuuy auns (2.1.3) 9z

187

Ha = f}m (3.2.1)
IL‘IF"'Q:].{L"'AV (3.2.2)
(3% é,-,. : pumatliyvesesvidudaraiudenan (/s)
f!,,.,, . tpuMallilyvesmsvrenvinunarasuAIA (k/s)

He : tounmatlvesansilounsinnt (kis)

g oannnidanueunnaisileu )
H: : wunatlvesigmnvouvadi ldninnsunayaonm (is)

Hy : woumatlveaignialed 1dsinmsurasdenal (kis)

¥
auudAndavafuiian1zasieniiy Perfect mixing tank uazszvmiiy Adisbatic §a1iu

»
L]

gRmsannumnwoumativesdazanidwazoontinuasasy | daeil

3.2.1 mawieamailvesaritleu (Enthalpy of feed)

[ ¥
Wedmuaigangiivesasdeufigumgiteaiiugamgidrads () Fafueuniaives

L] 1

msfleuiuniity o kg uazdaninms amidoundestleumursosuan 1den

Q=mc,AT =mzc, (T, -T,) (3.2.3)

J - o o ) 1 L
We T, : gunpiveamifleundinnldfunmudeudeudguasain
T, : uupiivesmisiloufigungivios

¢, o+ MANUgANNTauTumzvesmstlou (WAgK)

.
) »

wieanintTinanimazummenlumsteudisntoounidlefsutuySineni wiugniy
Cor ZCo 00
Q=mrc,,,(T,-T,) (3.2.4)
e C,.. UMlszina 2 kkgK [13]



3.2.2 mmuaumaﬂm%’gmﬂ‘la (Enthalpy of vapor)
a dn apyr a ¢ a 1
Jpaatenldvinaszuiumsuay awiseaund lahiewirlodnieedufer uas
! . o : 4 &
iesnnnirszmenatoiiuleveatinily Suate function #3711 3.2 Faansduneunisizing

: )
naoisiu "lmmm;ﬂuuuwm

lovin 75 C 3 0.3 atm
uy - le‘
U175 C
4 0.3 atm
. Aw
11175 C
4 1 atm
: - le
11 30C 1 atm

r ¥ »
U 3.2 Yussumiszmoaaoiiuloveais

» » »
AuiuaEsemuIRMImANY suYeImTsamsnaitiu Teve i 18dail

| I »

- hiigaingll 30 esrnxadoa navsifuifigungill 75 esruvadua anudy 1

UisuInIe

le = mw,vcp,w,v(T-T;)) (3_25)
d. 1 o :
fe ¢, :manugnrudouiumizveslorh (okgK)
T :ounpiimolunrayasy

¥ | AR
- viiigungill 75 ssrngadue anmdy 1 vssommnmaihuiiigung s 75 e

[yauBuT ATUAY 0.3 YTTHINN
AW = APV = VAP + PAV (3.2.6)
d. d’ o = o
wasnnlumsiddounnudusin 1 am Ty 03 am veifanIsvowdIveIv0uHad
Wumsaueenun udtilesninvoanaaily Incompressible fluid AvySuIATesaouuasion

. N »
wnieanuauaouuas faiuaums .2.5) 2 18y

Aw = APV ~ VAP (3.2.7)
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= = o3

¥ ¥ 8
- dmamngll 75 osAusalEu AUAY 0.3 UTIUINIA ﬂﬁ]ﬂlﬂu'lBﬁTﬁﬂﬂlHﬂu 75 83M

q L] L] -

SaETea AUAY 0.3 UTTUINA

Q,,=m, AH (3.2.8)

M o

o /& _fip on11Ms TvmiFauravedlen (kg/r)

W,

summnwmnun‘l‘ﬂunmﬂnuuu‘mqmnqu 75 DAFYALYHE ATINAY 1 UTTUIH DAY

0 d‘ - = e = 1 B .i = o
Lﬁuumafu‘ngn 75 DAY RULFUT AIUAY 0.3 VITUINA UATUDLUINLISIMeUNL Qw] Ll'ﬂSQ

q w2

o &
AIHUY

Hy =0, +0.,
Hy =m,c,, (T-T,)+m, AH,

WY pwy

(3.2.9)

3.2.3 mavueumatuesigninveamad (Enthalpy of liquid)
4 4 o L u’ L - P Jd -
iosnnluigmaveunatnldeinnrzuiunsuray Ao duwiidradinmadlSsun

= = [ 0‘:
014 99.50 % Aol e Ay

HL :rﬁLcP’oH(T_,TU) (3.2.10)

3.2.4 mamqaungiiuasanuiouldunmateu

A o ' 1
owIUMT 3.2.3 3.2.8 Uaz 3.29 1[““?”@11““11“15 322 ﬂ:.lﬁ"l'l
chp,F (T; - TI]) = mW.ch,W,V (T ‘TO) + (Avaw,v) + n.chp,ar'f (T - TD) 3.2.11)

L4 [ 3 L d 5 @ 1 ;
HanIAIRNTRaRGINUmNaNn1ItIAL lAnad e 11

A '] 1y
tomvua A
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Feed (i, ) =135 Zg

’
Vapor(m,, ,) = 0.675k—g
: hr

Liquid(m, ) = 134.3257‘;‘5-
"

P=0.3am
CP il = 2““k]_
' kg K
AH, = 2,300£
kg
7, =30°C =303K

T=75C=348K

Cw30°c=[3.47+1.45x10-3(300){8.314 W emol |y g0 %
P kmol-K }| 18kg

Cp”75°C={3.47+1.45x10'3(348){8.314 o ]lkmol =1.79—~k:-]m
o kmol-K || 18kg kg - K

AnfumauanugrIudeusuwismastusagungd 30 A 75 osmaadea Ae

C, . average =1 .Bij—
i kg K

Weunudinartauas luaumsa 3.2.10 ez 1dn

(135E]—-J2 i AT =
hr kg - K

[(0.675 LAY p M 45K] + [2300 M o 0.675 kiﬂ + (134 325 Eg_}[z —U—J@s K)

hr g K kg hr hr kg - K
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Temperature (°C)  Pressure(mmHg) Pressure(cmHg)

6.98 7.6 0.76
13.04 11.4 1.14
17.51 152 1.52
21.1 19 19
24.1 228 2.28
26.69 26.6 2.66
28.98 30.4 3.04
31.03 342 3.42
32.9 38 3.8
34.61 418 4.18
36.18 456 4.56
37.65 49.4 494
39.02 532 5.32
40.32 57 5.7
41.53 60.8 6.08
42.69 64.6 6.46
43.79 68.4 6.84
44.83 722 7.22
45.83 76 7.6
54 114 11.4
60.09 152 15.2
64,99 190 19

69.12 228 22.8
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