MIT0H WALHInMTET 95 R E AT T 20 1

Tmnr

= -y
vozEs Aasgesi

TnsamI9n ol 19G-CHEM-2528
1 - - W i o
mudaadn 1 ATeR ke R

AN SRR VDI MR
A NI ILMIN
1IN BN
LTULE

AunIg 2537



! .v £ -r-‘. -
MnI5ITBURSHRIUINIST LATIEHLATUd v LAS TN

| AYIANERs191sY as. Tusas UssiaSgossy
Z

2 2. (aﬁﬁ);.M.s (P.I.N.Y.),

Dr.Tng (I.N.S.A)

Tasvn1955s 1aufl  19G-CHEM-2526

ueuS zuaM LR

ganfuIiouazieuinavansIAnssumEAS

L2
AN TAINTTVATTRS
AN IneEs

ngainn 1

fidgsy. 2527



/,u-nd 1

Joundh 2 ol

o
unn 4

uny'i

w7 v

n% xRN T WA AT =S dng

- ANSuiuor 2

e

- nyzuauntsAAnwna oy

Az zviun T lunasyndauna COZ

- nrasdu COZ'_lml‘ﬂ .

nasnadn €O, AIuwanTady

- pasnadn CO_Taulddnrazatuunfionny

2

- K A .“ "_ = .. ‘-
—-  masaanlinbuaInmy =

- Avspeadadiu’ . T

N1 % aanuand

; 'n*n-n‘jr-'a'a_l., ,CUZ'FNU".-JM Tianma n’zmim’f

T

wl

i

16

18

20

20

- arsviun s luna s dnda fadut i Juea sl s, CO,ua Slowia 50

AyaonuUUAATULUDT | e

N1 ¥ aanuuUMaa el

nayaanuuuvanauuun

N1 % I8NUWUUWUILN 13U

nardfunnaT

- van1rUfifnareaevagny

aon L
- ganrugunnarasevanauien

1 v
- wan 1 UfUANATIBIMUIBNITAUY

-~ e ' -4 B i
_ = UanIURUANIT 2B WUILNNTUIUGANY

.



UITuaynIy
npoguUIn A
nMApuuln Al

NAUUINA-Z

NIAUUINA-3

NARLUINA-R
AIRMIUINA-S
ANRIUIN B

AIALUIN B-1

nRauIn 8;2

e ——

MATERIAL BALANCE
s

AMTAUIULA SR ANULUERTULLB T
R AIUIULA ZBENUUNRYATY

[ ]
NI AUIULAZDENULLWANGLLUN

] v

NATATUIULG Z2EN LULVUI HNITAUY

7R IngaUMYl

5 (]
1ﬂﬂﬂua:ﬁqunﬂﬁ1ﬁuﬂu§q

wun
71

73
74
81
84
100
138
148
149
151






drvoavnPalainsatsuau (Aliphatic Hydrocarbon) wazdrsurznau
ﬁﬂaanﬁ;auaﬁuaqﬁﬂ7=nﬁu éﬂuﬂrnﬁqLﬁsn:ﬁiéﬁqnn1¢rﬁﬂﬁn?u%uaaunéTdanLau s
uﬂ:r‘\"‘lS?UE'HHHJIUG.H‘I.‘.‘J'FTU‘L-IET'JLQ:Qﬂ'jjn'a"U'lf{L'Hll"l:ﬂ:H Franz Fischer uaz Hans
Tropsch lﬁgénﬁﬁnﬂvﬁqtavﬁ=ﬁéﬁ§WUTﬂ?ﬂ1§ﬁau\wauuuﬂqL§4Uﬁn£p1;uﬁnéhﬂﬂ-
1ad (Alkalized ironm catalyst) laudlsusd mA. 1923 uaa Tﬂ;aﬁn?Uﬁﬁan.
“PuifuwiantuiAtuAliuTougaxan ﬁqﬁﬂqiﬁhnﬁ7ﬁhﬁm15ﬁq:ﬁﬂﬂdﬂn§buaaﬁQﬂnﬁ1y§q

UANS vt s avan e 5 luna e Lafa suzns Lafitda o

L

/’n7=u1un1?#4Lnrﬂzﬁﬁaqﬂﬂtﬁa;fnvaﬂﬁ fazudalndqsloiasarsuoutdu

"

wdniny 5-15% wasuaudanvusidudnslalasansuauifioondauduosausznav

wain1 L 2an 196 L S UANTUTRA =1 laER1 7 ¥ A LI 19 14A v sANuAT AR zAnun s 0 R

USinauanang01dns lataratsuauffloandauiduasmdsznavladnuan wnisuandns

U znaufifiandiauiduosAusrnay (uwananniuazAisuaninsanldn) Tauluvifm

aslgiasarsuouaiuiay AvsnsorilandsUfinsunlataswasdatady (hydroformy-
lation) imufliof®™i (olefin) a:ﬁjqan§0ﬂﬁhundiaTﬂ?nQuuazﬂﬂ§ﬁaunauan-

Teia “lugusunasaanisd (OxOl_nﬁviuim:ﬂa§haLnﬁhﬂaqTaﬂﬁuTﬂLﬁudhﬁlum(aldchyde)

vhadulainunis ifuozaangaslatias Laukaznqiniosila (Formyl group) 1Udavoue

i - - - - ~ g
8 Ny UM TR LA svuuufin L a5 -nyaddiuy utiug aslisguaunn sduuaa (Synol)’

BuBALaANaYIARAT NI FNEUADUTI 4 UASEUIUNIT1a190a74 (Isosyachesis)

druaaus s ilatasAnTuou (Branched chain hydrocarbon) AU

s dradsnraniannfifdo alnnqusoani s lunt s duandnaindias Suulugma

LT - " -
A3uan A Au 3 luntsda tar svda swia 314U usa 3 (AU suna’I Nt
r J» . - ¥ oA o 2 # n Y. ﬂ - a A 1
pu drandasse 1930 e Banuiunisdatasr simdsaauTantyotutuidudsgiubulu

. T TSRy v &e -
rzindLasiuuaz L Susuiuni s Anea L ATeafaga Lwaniuddutu Tunisdanaian

v

niath 2 Ldayﬁhﬁﬂ?mﬁmmdh4ﬁuﬁu1UmaqLwaﬂwatﬁuqﬁeunduuﬁaaﬂnnﬁ?fauﬁﬂuuunﬁc

Giad s LAT = Apuddmsrninaseimd muda L as 1 suauadTan A nefadn g

sail & - 2 "
ARG IgonS Laulduasmus snousss e (waxes) wnuaiuiuissanuivans



Us zitiaa120Gunn

g n.A. 1902 Sabatier waz Senderens (1) lasiuirucascunis
Fravislinuiauns xuiunisA1An 1adatdadu (Catalycic reduction) was

ArTuauiouan leuas THTas Lauusta Ly wWwin fuauiawa s Tadandal adius sunna

o + ] + _ =75
312 CHa HZO

2C0 + EHZ CH4 + C02

TudassueomAssswd 1920 Badische Anilin-und Soda-Fabrik
AUy rnAta A E L Faluna s i awama 1 Lafltau e L 7 wWan§ur o9 3AT FUSLmDN-

uanlya uﬂ:TaTmrxnu'ﬁ 20-30 MPa {200-300 atmfj uas 300-u00°c Tdu

LBUaa (2 3 nzzuunaTiaoun T dugedvnssuiauia il Tud 1913 Asfind
Tuniruandn sUs snovfifoond auidusssls znavuaz aliphatic hydrocarbons
impasuniy Catalytic -hydrogenmation saimizuswsisnuanldaiiiunas Badische

Anilin-und Soda-Fabrik “tughataanlacdutu Fischer was Tropsch

.

AlaUs =nadns =uaunasfaing (Synchine) QQTJHHLéqugnEUﬁLuﬁnﬁauﬁ1U5n501 Tk

i - - o - .
- 7zwinaAt ruauLauvan leeua s laTas auLflanfnaunsudny asnnanosoadad lun (aldehyde),

.

. ' i ; - =
Ateu (ketone) ugznsalusufinaiuduussuinid anrufsuasiwaianuinfuivas

19ims tauuasATTUousauuanlden 100 #4 150 ussuaniA uaz 750-840 °F tautd

#a1suAnTondenladlooouiMfia  (alkalized iron-turaing catalyscs)

L

187164TAy Frans Fischerua: Hans Tropsch Tl 1923 (4)

- ’ -T - - ] e .
Tuns suruN1 A3 LATI MR A s nfuLuN L A (5 ) AaslaTaran suaufmindu

InpnudetusisUpnfunnatutuuasnueas: Sabatier  waiDurigomgfaanaa s sfuria:

.

e imu

e n2na

ncq B 2“”2 CH + nHZO

——_—— n 2

2nCO + nH C H + aC0
: 2 a 2



Tudrsnatandarsud 1930 nsviua L T aUAnfunkaz (nafla Wil Ae
Audmivasyuaunisun Ruhrchemic AunsudniyinsAisuodivasuaz 1y
wisafu (paraffin waxes) Yaulddnisauinfurwvunnaznauladavudidainas

(precipitated cobalt—on—-kieselguhr catalysts)

-

saun Fischer  ua:z Pichler Tﬁ%hmﬁnﬂTJaLﬂ?ﬂ:ﬁﬁﬂ%ﬂﬂﬁ?ﬁﬂunaﬂd
A 0.5-2 MPa .(5-20 ursuanad) Ymulg dispersed cobalt catalystsdsgau
tﬁuQaunmiaimsﬂﬁ§hau3nﬁa 10-15% Saulswsafuifedu 45% voiuaniavad
RIERT FOPIT hﬁrwﬁntﬁugnﬂv hvdrotreating catalysc (#4ﬁwﬁﬂ11nﬁh@ql

Y1lwanysai L s suansuaua i ndu

r

g i o

L of

<
B

€

V)! -

- "'E -

&

:

3

a \“ B

\“\‘\‘ .
‘\_;.\. .

12 ¢ 6 8 10 150
Pressure, MP3
»ooe of pressure on yields of pasaline, gas oil, and paraffa (cobali ;atalyvst. Toeonsert

Fucure J j 3
NiPa to gz, Sinade by 0,201 To convert g’m Lo h/ft, mulliuy by 6.24 2 =4

R
“



" 1) . " ]
sUfl 1-1 wdmafiadninavaiaiudursnaudsiila #naaududanin 2 MPa
LT Ll = 1
(20 UssBINNA) HARAREUNI YR szaAaauelind 5 LW dvuwlasuaadas1dunaaund -

Telduuazundaou (gas oil) UILHIN
z - 13 b ¥ [ £ ;
Fischer waz: Pichler 1mwunau111aximuﬂuﬁﬁﬁﬁhTaunﬁwﬁJ

precipitated iron- Catalyst i 1-3 MPa {10-30 usvuanad) uasz
azlnly (waxes) ﬁﬂgmnﬁauazﬂqugqu1nﬁﬁﬂqLa51uﬁﬁ 10-100 MPa‘I}OO-lOOO
uv?Uﬁnﬁﬁ}.Tmuﬁ1t§4ﬁﬁn¥u1gﬁ:ﬂun (ruthenium) Tugaa1 927 L Buadut]

N7 suaunT T&L LA svoan 1o Wuns suauna s Ao lasufi lasuni sunasfurao T
drimusssdeariuianaid 2 Fischer uazifousiuitueosisnlmanns suiunis
iqiﬂﬂuﬂﬂa (Isosynthesis) dauamiéiﬂwﬂsjﬁu (isopaqaffiniiuﬁnﬁnTuxaqanﬂ
1éﬂqmugﬁua:nuqnﬁhé;;unaL?U (Thoria) ua:ﬁauuﬁuwaqagﬁuﬂua:ﬂaﬁhaniﬂﬁ
Tugranunaandassy 1960 lafinisdatAsasnind uitdn (polymethylenes) Tauld
#a1sUAnTouonn L 3L BN fioy Iaqcivate&_ruthenium_catalysp} nﬁuiﬁhujn

/ Munssuaunisaditarasy Fischer~-Tropsch Tunnagadavny 73
fhumoudmdn 5 fuita

= T —" - ¥
1. nsufpundditarisy

2. nasvwnadaiasy swlwusansiaunasnadmia Jua§534;-1afnruﬁu
Talna, ﬂﬂ{ﬁagimuaniﬁﬁhazdﬂwﬂ7:nauﬁim:ﬂhéun?ﬁ

3. nqr#qLﬂ;j:ﬁﬁﬂ?iﬁ?ﬂsﬂ1§hau

y, nqsn)uuduuauamﬁxﬁuﬂaqLwaaun=n1?ﬁbﬁﬁﬁuunﬂiﬂﬂyﬂTUﬁhunéaﬁn
N7 s LR s &

5, nI1snaussdudugosndastmdaiassw

. d =y Loth ONFY - u -
/XGUxﬂ?a:uanvmﬂqLﬂ?ﬁ:ﬂﬂ'ﬂmuﬁz?ﬂﬂj?ﬂ141uwa4uuLﬁutanﬁnwmnaaﬂuﬁu
e ar -y b I‘ - . " N £ L 1] ]
nsfipuiawn s Tunnsda s swintiaudusa s Tdnaamainans auunsnayT =111 489 L7 A
¥ . ' : . . o a2 ~ - b . 2
uAnSua dlastiduRawiaiaassuanmiinfutaonfacud anr L Aesiine danivt Aeganiah

- . . ) ‘ - . o . - ‘iz L Yo, e
23 TuguiuatrAasandudanpmadiaus s asa L adgnfunanoluka sty lwasu i susaun e



"

1ﬁuwu1uﬁq;ﬂtqsniuﬁqﬁa4yzuuﬁ'uu1uﬁ4Lﬂ?ﬂ:uuﬁa;aUﬂ4q=1Jﬁ1tfadgn?uﬁ
Urzam 10 gnuadniuas (350 anundnva)uazfiaiaug 4.8 gnuaAdiums (30 Uaisa)

PVBINANRAAN l.ﬁu?.lil‘ﬂ LURIADIU

Traaudlduuiunas Fischer-Tropsch 1unqqamdﬁwn7sugnd?1qﬁh

A¥aurnluds = indipomiuTasidda L raudnsun tavan - WG 1936

i

Ha0 1939 HT533run1waldiring suBatuUs = inA Lua Tl 9.??4;1u
inul 5 e ldevaunisdaiastswdaanufinn®, 2 Tysarulgarnudiunana
wasdn 2 Tranufigunsinudouldlans 2 dasmandiusaseu  Treaudbmddad
Aluy 400 ms/d ( 2500 bbl/d ) uaqmauaﬁﬁgﬂuﬂaanwa1 Teuiutag

dqntquiann?qﬁ 2 nauAnsavlsatia 2800 m3/d (18,000 bbl/d 1 Ievd

r

{2 s Unsun TavanTaudi U udludaa0 1943 fnaswiaumauiadanbunaslafinns
nﬁaaa17451uﬁhuuud4uaﬁ4uauacn1TNQHaW?WaTmrnﬂ§ﬁauﬁﬁuﬂhL§4ﬂ5n§0ﬂtwﬁn

1md uﬁadjaivﬁmquuauﬁRQQQmﬁq=&wn€ﬂﬁ1ﬂﬁﬂﬂhﬁ 15%

T —— il

: . - - - ’J -~ i
anyavunuasnuyaivariuluny suaum sl idar -nsaud | ffondddag

' . - S L e 3 % i
auf L sdafa sl Ul s Anaw Bl e ld s snaula vty waseadnvon damss

ﬁHuﬁbnrsuuunqtiatﬁ:ALudh (hydrogenation) diroantsuiadaroTanifia

-

(aromacies) &3 Tuunaafmi shuiaf 030uglannnang

Tueaa0 1973-1944 Traqquﬂiﬁh?sununﬁ?ﬁﬂLﬂa?-nvaﬂﬂ 1eandraadu

nalueddaiAd, fhlu wazunuaiiuaay

»

v nr zuaun s ludrsanadauy :

Tusmaulatondassefl 1930 Talinasmaatunmaas Tuds = tnAdange suns=ia

N1 74579 Ty 33usuUUBUn A B RaAnung suaun1 i 1 do 7 -nr s g iuu s = inAds L Ad

Socicte Couurieres—Kuhimann Tazaluininszuiunasann Ruhrchemie

- -

waznadr1alragqunnddulingriv Calais AanAsiaiasarsunuianaissana 150 84, Laay



(G40 bbl ) madu .umuuﬁi?q4quﬂuqruvﬂ 2 T?Qwﬂuﬂﬁﬁ1 sulinnnuladeiniuns

Ruhrcnemie dafluanfariuga niwhs 400 au.;uﬂ?tESOG bblisadu

AnatsnAarswdl 1930 Universal 0il Products lasiusnumanisy

5 TR | . % ’ " a .
u&mufmuundiﬁauﬂn@mﬂwwm&uaqnn17uﬁ?ﬁﬂ4 (cracking) = wwhid2iavqzviididay

v

danizadongalia Corsortium{éagﬁ.ﬁuuwuu?ﬂh Hydrocarbon Synthessis)

e . = o - . - ‘ & ”
1A L8N TBANR L T uANEN1TAS LAT 1 =uuUliE L o7 p1ouanUT s inALuariiuiiu

" Ruhrchemie Iﬁﬁa1unﬂaa4ﬁauqﬁauLﬁméqﬂrwu?ﬂﬁﬂgqﬁ 2 Tﬂpnéudhun?:ﬁh
AULANALNT 1 = L ARAIAT L

1uawf§atu¥nﬂLJuLﬁu1ﬁhU?=xnﬁ5uq ﬁﬂaq#mﬁmuﬂauﬂhihﬁﬁh41u1ud14
éqﬂ?ﬁniﬁh;ééﬁﬂﬁlnmhaquduiaﬁunﬂvﬁqLn?qzﬁhqswﬁhqﬂuﬂh AT, S S
q1nﬁﬂ7wﬁaqﬁuﬂuﬁ1ﬁ1ﬁaﬁnﬁ1?ﬂ1ﬂ7Lﬂuuiﬁhn%vﬁuiaﬁhadq4n534uaqdlyd7=tnﬁ
andsoLuEnI wd3aqanA Fleld Incelligence Agency t;am (FIAT) navaann

Jszindwwasitulug ad. 1945 ua~1ﬂ.1u41uﬂqqnﬁ1wn?snaﬂﬁﬂaazuarnuﬁéﬂnﬂ.n

———

< ol Ly -
uaﬁu1ﬁu§qnﬂ?1=w 4,500,000 tons maﬂimﬂﬁnnﬁuﬂu maquﬁqawnﬁﬁﬁunsa;u i
"- " o SRRk ¥ - “~ = -
153111ﬂua4ﬂuﬂ34Lua?ﬁunautﬂu?quﬂa;uﬁuné37?udﬁnuﬂuﬁmunaﬁhLﬂ?ﬂ:ﬁﬂﬁﬂ?U

Uuuunjsﬂﬁkda§-nsaﬂJ'unﬂﬁquﬂuiunr:uaunﬂ?laiﬁ;ﬂaa (Hydrd&ol),ﬂydrocarbnn

Research Inc. uﬁunia?suﬂﬂaua 2ong i auuFiniuiuiaundda ATy zu daazdily

adedafudaiariswin fluidized beds  waasairufnfunivdn Alvastudsiabu
~imy Carchage Illydrocol Co. 1u  Brownsville, Texas Tud 1950

L - - " r . - L]
U.S. Bureau of Mines Eﬂnw1a$auvayaﬂaqLup?ﬁugiuﬁﬂquuuﬂuaq

1329521 Tuns =uaunI $ 10 ufun s auaéur?uﬁﬂaﬁﬁﬂuinﬂunuéwu.uénwanﬁsmiuann.nﬁ

P

- ] ] - 5 - . -
pntstin s uvaauw sl sy LAuniuaz fuaannanafisanian uaziﬂnﬁnﬁcﬁaun7=u1unﬂv
I ) -~ 5 . vy . N [
Aadaeront TumomAan1 Taun s I 30iusY N1 SN e aTs 9 3 usuuuU L em

-~

P : , ) N gy
Pictsburgh laboratories usz#@ou N Bruceton, Pa. iT44Tusuwuun 1o
’ AL ¥ ; . ' - - o

oMUl ADNAT9UuA  Morgantown, W.Va warmanalsfinazdsadiziinimaas<iiu

$3 2 susun1s#  Louisiana, Mo.  Cissnuuufisdnuwiafusdasnadsudanas

- ] L I - ] Ll
anseautias uiiouladu s s Brunua Ao



[} e . - a " a ~ ¥ ' ' e
'L‘H‘.:}')Jﬂﬁ‘:'ﬂﬁlﬁa-iuaﬂ'."iﬂ‘{‘,'?ﬂﬂﬂ'f'l&‘l’i:'\“fh;tbﬂdﬁ@?.\)ﬁ:"L'.-‘It-l?lﬁ‘.un'l'l uRoUNALT
L ' £ P . - L L o
flannlalnisvomneuauntsunad@liadu (gasificacion) #aiduanldaiu 60-70%

HDANIFHARUNASI LATI =M

171 1-1  wdaaniru¥ouifioudniasnasnieauluni s 831 A5 sweadgunu

N5 iasTunanaainivraarusunuulainsnaa (llydrocol)

uanaantl U.S. Bureau of Mines T.ﬁ?ﬂﬂ:;aumﬂﬂﬂﬁuq sumaNITeanwinu
Arsoulauay sl ahwiivamsui Jonte fixed  uwa: moving beds  waadaisa
; I3 - ¥
Upnfuauuuida wasniswusdnawlusudnsustuaay wia sluries  saufirwfnfun

AL Tueaaz L Junlud whs

< - - ¥
ITahlu 1=1 Compérison Between Fiaed-Bed and Fluidized Catalyets?
‘German 7 Hvdroval
y . Nixed - hed fluidized
aperatiag data 3 catalvst catalyst
y -y -
temperature. °C 186-220 00-350
: , S
throughput voi gas/{vol cataiyst-hl :m 6\2:“
heat of reaction. MJ/Am? cawaiyst-hi* _u._= 279
yield ot Cy and higher, g/m? synthesis gas? Iﬁ:-! ) :;?
yieid of Cy and higher, kp/im? cataiysunl 3 h_:a ;
syvrihesis converiers required for HAL-H

production of 1 % 6% Uyt

2 Ref. 104. _

& The expanded volume of the cata.yst is n'f-nmh-:r.-d.

¢ Tuconvert Mim? o B, ENTIRERET , TN 5

4 To convert g/m? W ibe 13, multigiy 9y 6.243 X 1077



a0 1947 Auatvwawsnalalatinasaannouur udduduuni sufed nhiainaa i

1utﬁqqaﬂﬁunr?uﬁh souqufun South African Coal, 0il, and Gas Corporation

(Sasol) Iﬁﬁqﬂhajnnﬂ77uuﬂuiﬂu Industrial Development Coproration %33 -

X - L ' " = .
Fau1a Tra4qud A sieun A ladsa 1800t L s annutu Teauid inatutaduaseuiu

-

n1y Fluldized Synthol  samfuminudyiAsdsviuy Ruhrchemie=Lurgi fixed-hed

Arge uazlafumaadulug 4955 Tsiatu Sasol I HulainvszavastuaniSaluns

’ - - 'I’ L3 " - »
s AU TaTondsdansanianus  adwans leigauiduaufiuded tanunnuazsiangaitnala

1t T h - - ) B
ivdu ua:uamuauﬁmwaqudﬂﬂvquﬁaunéLgbLwéq, walu, wingd wazdauiaugidnsinl

‘pondiauiduasmus snau TavunadsLasisuuasduiag Lurgl moving bed gasifiers

&

T5431u Sasol I thiuiduduonanegrdtunssuiafeasuanwsansla ala

Lﬁunﬂ?uamaqwtﬂﬁ, s iTar oafiuasyu Sulud 19606 Fiufindns iafs i woulandin,’
butadiene, styrené' uas ethylene éHuLﬁé:uﬂnunﬁdhéqnn?€uﬁww§h

.

Southern Traamsvaal faufiavupciunaundunafia 100 ua -

ud 1974 iwflasomdudngdaa (Sasol) wudmoiufufia 16,000 shu/5u d

TAy 6000 #u/Fu Jouiwng Lurgi gasifier 13 ia%os Tmuunadlwioas wmas.

L) - . 3] ] — = 5 T i '
mirgldanduinuiedo 39,000 au.wups/gu. (11X107 au.ya/shi.) wazoiudu

5400 #u/du Tdlunsasalviiuaslada 17441uu5maanﬁyauﬁaiuwﬂgmluianﬂmzﬁh

uARandLauUSand Y8% N3 2350 shu/du uaufniAiinas e owAsile il o

’

unalods 1.5><106 ATRY]

10 1970 distinasdasuladsnaissenu Sasol TIT - dqﬂuuﬂmiwéniﬂnqn

gufl Sccunda TnuUszunmAndsiatia’ 3,000 anuasaans \Fowded whidavaEs

iauianizluifoftur s 3 mrsaaludnas Sosifiuntradalut 1930 \aufl cooling
: , ) F: » T 5
towers  geifiau 550 wia wazwuiodaiavazy Syathol 7 wusu Gauwmansiu

gats 225 1w

- 2 o W . w“ g % e i X SN )
pud 19779 delaflinassaiuiady13iyatuniau duannonuihuounalangun i

2 imoasuanantinai oAt lnatousy suae 3906 atuasaatrausylufia  Sasol TTi



10

A= 5 b 5 ".. b T .
Tauuaulevidnfow Yhuund g, waldida, wnd LPG  , wasunia waz uniuiadas

v

Ouian wonanddiuinuoanssosuasdrsiafiifusfassn 250,000 du/0 Taumaale

rfﬁuﬂul‘.'uf';qﬂu Sasol II uaz II.I fur=uane 27 aqusiu/d

Ny Tuysadasdu

e

-~ X . L) - — -
Iﬁﬂnﬂ?1adumandaqau14n17amuﬂqtﬁaquainﬂaqnﬂrdﬁLﬂ?ﬂsuuuuﬁﬂtﬁnv-

nsoud (i NITTLASIEIUNUANeaais (G, 7) Asrausauna T AneImguiiluan azunln

1

s me 2021424 (8)

i/

ﬂﬁwuﬁntrQﬁfﬁﬁm1uuqauu1ué1awﬁ ﬁu1;uaqﬁan?nu1un17td UuuURQﬂWJLHﬂ

Bl

; uaqxunquda?mu Mobil < 1u0 1976 Tﬂudw?d nau;anLnaTraanﬁﬂﬂ'(heteroorganic)

fiuaquﬂﬂﬁ quﬁqtuﬂquaaua Iauuﬂaﬂnnaf ﬂ1u17na uUaaLunéqsIaannwtuauuuu

'”CQQClb iﬂau14ﬂﬂs-ﬁﬂﬁﬂ1w1mﬂn171€@?ﬁlaﬂ (Zeolice) zUﬂrquaWﬂ.ﬂﬁﬂﬁLﬁu ﬁmu 'frﬁm

nainua4nq7Luiuuuaniasunq?GQUﬂu?autunﬁuangnLdéuutﬁuiaéﬁuiuﬁuq C

~

5

was on asx nnnﬂﬂuuLﬂuwﬁ.ﬂﬂu ;ﬂTﬂHWﬁfﬁﬁu ua:Taﬁﬁu ﬁﬂﬂﬁ?uaunﬁnnﬁﬁn

Ll , _
6 szmau QaagiuﬂdqﬁaqﬁﬁﬁuunéTﬂﬁu (C&-CIO) WariundTeaudnandutdawis =nay

rl

‘ n14fhﬁﬂéﬁuﬂbﬁnﬁﬁawnﬁqﬁuﬂfm%Lﬂauuazﬁﬁqﬁanlnu-iﬁaiﬂiﬁﬁﬁéﬂrnsﬁﬁﬂq 90-95"

‘Mobil gasoline _ﬁluﬁan{1ﬁad?uﬁmuazbnmqwﬁﬁﬁﬁjﬁuﬁuaniﬁhﬂnuuuunﬁwﬁﬁ;ﬂn:-

nyoud A

-

{7397uuvy  Fixed bed wrauﬂn_d 141uxﬂ4ﬁﬂiJuu11 Tay Mobil 0il
- Al .I -
15;éuaTﬂ?4Pq771uﬂsf}uwaﬁ1ﬂnaundqaﬂaa:nnaqd?14tvq41uuuuﬂ Fadun snufomd vh

.1ﬁiﬁﬂéqudqaaqﬂqﬂuiaqnﬂvﬁﬂﬂhu34U?=inﬁﬂﬂﬂuaun (ﬁqﬁaqnqr_ﬁSBO au.iuay /7u wfa

10,000 bbl/d ) 0 1984 Haundcrruyadas nnsﬂﬁuuLﬁuxuﬂnuaauu-tunuunfhnrnnx

unateAudndivds >
.msnaaoaiauld fluidized-bed Tamaso MUy 4 S NANLUUENI A
0.63 au.iums /94 (U bbl/d ) uax US. Department of Energy lawimanun

#ulainvani s yuiatuanituaz Landil ua T lun1 74514 192 IIUNANLUULUL

fiuidized-bed wulA 16 au.iuRy/9u (100 bbl/d sz indluasTiiu



-~

/@mﬂnﬂmﬁaq4wuudhar 71 v usuIun s RY L Yo v -nv Uy

: sty Fischer—-Tropsch Alaaanans el B2 saUlnfun Tadan fiauvfiau

ﬁhuﬂuuﬂTQTLauus7.nﬂ1ﬂaﬁﬂ paraffinic geusdluudsluddududouint Yag
A2mbm1duinianay@n Straight chain saturated aliphatic  wafiansfl

o - ey - ar -t
mono olefins 1finsululBuaunaas weanagas, nealuiuuazaislszneviifisandiau

Lﬁuaqﬂﬂ%ﬁnavduq Az LANBWNDUNIT 1%  YodNAUARMAMNE nAsAdLATIsv  normal

-

pressure aztvdaiunald®u 60% , gasail  30% ua: paraffinl0%
(mp.. 20_10000) e nﬁfﬁhtwvﬁ-uﬁﬂcﬂuﬂuU1unn1~q»1ﬂu1ﬂuunaTwnu 35%
gasf 0il '35% wa=z " paraffin 30% umﬁﬂaanxnusaquﬁuuun 1ﬂﬁuﬂ1ﬂa=mﬁ\nu

-ﬂfqaziﬂiﬁuﬁﬂﬂutﬁ§a4numii

NP s i i, o) o
'=ﬁ1ﬁuun$?ﬂ§uﬁn2mﬁh1uLuarﬂua:gnuduLﬁuuﬁuu;nﬁaquumnu .benzene

37NN FIANAS kcoking) sutiundoaudtunsnletavas 3 (Wl sudidaduila

=w1?ﬁﬂuﬁ1nuﬂ1ﬂé4tﬂfﬁ untn¢sﬂbua éuﬁﬁnuﬂ4 unéidttwuua_ﬁ1Lﬁuljlﬁuuﬁuu

——— -
——

unaTﬂﬁuaanLﬂuaqua=TaﬁﬂuUﬁ4é1u1ULnuﬁﬂﬁuwaaﬁu

= ¥

a5 122 wdnaAizaadmds znoundnuasuandnannniselafiafiar

UrnfuazAlaududiunan s



-

t it “'l-2. i'm[mriu-\ |.|' Normaf and \Iml:um Peessurn Syntheses I‘mtlullt

—— i —

)

L

Wi % nf ! oL f . by i : Qclane na,,
tntal praducts Oh'ﬁl't. bhp D Malwl s Ne G4 Clond © Pour research ~_Cetane No.

Constitant listed b ay el T inlext! ) stomg -+ poC 4opt,°C method Mator  Hesearch
nocmnd pressare synthesis? . A

pascd (Cy + Cy) 12 12 L LD i A Cs +l-:1

prsoling, tn 135¢C 4 S LT IR 108 100 Ci~Cun © 52

pasaline, to 262 C hil) (TR S KB 15 115" Ci-Ciy Sl - 49 ) N

d esel 0il, V85-2200C - 29 0.7 P T 245 10 B=<Cia”, =13 -18 87 100

A eael oil, 200-020°C0 24 TR i 260 214 Ci-Cia . ~8 =9 92 103

suft paraffing, 110 -150°C 7' 7 .90 indipe f >Cis !

valie : A
Ward prrenffins > 150°( - 3 A na 2 .
Tutut 100 1) g .

aedinm pressuee synthesis® ® i e ) UL i

sl (G + C) LN 2 by 667 C,,

Wb : e 4 RS %

paselize, L 185°C 5 0.644 an L0, 100 .,  Cy-Cyy 28

ki, 1o 20000 N 068 18 HIIRSERN 1 AL et o RS A 25 |

dusel i), 1852000 15 0580 10 RATI 10 Ci=Ciy =70 =1 87 100

dissal nil, 00-210°C - a5 Ry e 9557, L ang . Cua-Coy -2 -5 a2 103
saft paralfins " ! ! . b o .

PREILI nan .90 *iondine [ “ >0 : B0l

' : valie -~ - 4 .

Sne( ’ 9% 000 2 ] Sy - L

iy _.F.:‘r?.i Sy _'_*_-_\_lnn “i“ - ; L

o el 103,

Bl vield pree cabic mnter nf syuthesis gos: notinl firessurn w}.nth' PIET R P mm]nlm prdswr- s;.nlh»m I-l‘» g of lguid pmducls ond 10 g of
T he buading point imdey s the sum of the tamperatires af whis b &, 13,25,

EALAIDE R arm); 1800450 C; c.\lnlpt 100 Coss ThO T

[N Co b, twn stage, nnreeyele,

CALTOT R LT atm abis) 1TA- '11‘°L catalyst, 100 Co:d ThQ

SEnr, o roes cle.

! \l'l ity

LR R

distill nver, divided by 10,
7.5 MpO2an LIL‘wl_':..‘lhl‘. 1 QU 2 11y 118 20% fneel compuneals); L

Igas{ol. _

heoughipnt, | m? srr,lhesis vnsi'tkg Cohy (34

T W 1
TR N0 200 Kigselpuhey 1 202 1, (18520% iner. c--mpum-nts; thraughpt, 1 m s;.-n!heils gilal’[kg Cah) twe



-
2

/wadnnasyama sy iartzndn s niasan suou

T - - PR . g ¥

nsdiarievlatlararsuauiagidim i rsUinSun Taudrn@maaniydnaia=A

=g tj‘l!}' ! l‘. { 2 f—-— axq T P

IMHT zAN LYW active catalyst, @&junanwasunafiuuuau, unafnlemiauiing
(Uvﬂﬁa1nduﬂ=aaq. N7 uAzdsUrEnouzaaMastu) Faaniagompf i awd zuaa

Jansun _ P liin

\ .

- - o1 - ] o~ - L . L]
nﬁ:ﬂaLﬂ?ﬁ:ulukm7a1suauuﬂmﬁhumnmaqnuua1uaﬂﬂﬁua4ﬁ1L?qﬂgnEUﬁ

A AnTun

CO + 2H, CH, + H,0 Ldaiﬂuq uaz Ni Catalysts (1)

2C0 + H, CH, + CO0, «fadFe waz Fe Catalysts (2)

S, & ' e & ' '
n11uaﬂunn1un1r#4Lﬁ?ﬂ:uimu1éﬁaL?:Uﬁnﬁuwnanuuqz1nﬂqqnnﬂvﬁ1uéﬁuﬁ7q‘

tavundwladaridrufiaz tearansun Lafladasannufnfutansa = Liasudunn s
- - - L ] ] -
1 wfs 2 Ma wswsrdiwdz=nauwaada s wWANFuridias Tath aws sfldnaweoanas

nanasdaiasizn Gaazladvus=navidusrsuaulasonlan, Wi, uazlaiasAnsuou

- - 3 £ - i .
UsnBuaudmnazuoniUunsusaquaaioesma 3L gan1dde AT svlavuanufuiasuna

# OOCuaz 760 ud..dyon

Lﬁafﬂﬁuqmﬂaq CO ua= HZ

unaflauazaauaafaz (foulafuundufunasd unasfda s laauaaan Auuma furuns

dL01ﬁ1qan?u1n1uann1fﬁaznﬁUEu1n7ﬂaa
oo
. 4 . ) - 1 3
ﬁﬂﬂﬁdiunqrﬂﬂuan§uq,(consumed v5a ideal gas) ﬁqaqaazuantuu mi/a

3
w¥a g/m uai: ideal pas

.

. - » oy L] n . et
TUTsnIsr N s A3 LAT 2dRs I Y Wasasunafuius s sauNnfuant vufsuwdaa
A

a1aa =i Nassuaat it oana s U lAua2unednus 363 L5 UAN U Az AR G SN

-



. - pe % . “ . %
d3Ar1sy AUt AT dRT 1Ny IMayaaunA TAIAlUN ST AN T A L AT o

Srsnauudngoniruna CO:H2 = 1:2 Iaul CO = 33.3%ua:x H2=66.6Z

a:;wnq;nuﬁbn17§4LﬂtﬁzﬂﬁU??UﬁﬂﬂﬁTﬂUﬁﬂdﬁL?gﬁﬂﬂ?ﬂ1?ﬂﬁhﬁhdu wEasa iy

Upnsuafitia Yaudmsadau CO:H,  2daszogludia 1:1.9 8 1:2.1 fAla

2

nanaAnazlagedn (ol drrdrunduminduni ranuladnawna sriana s 83 LAy =

b zdn Wod iron-copper w%¥a iron catalyscséh7ﬁduu CO?ﬂZ

aﬁaasagﬁuﬂqa 1:1 81 1:2 SufuiZnrsMdlunisdsiar svinona Wuaidasa

dwfide  CO:M, = 1:1 Tmvonassidvieastudhiy 1:0.98 de 1:1.3

unéﬂﬂqgnéﬂwn}sudrnaazﬂﬁqtﬁaduﬁ4asidﬁﬂa1udhtéqdﬁn¥31ﬁ1J Lo
luiarian, Sind, ﬂ1§ﬁau1ﬁbah1d5._aﬁfﬂ?znbﬁﬁhpzﬁu wazdsus =novigonlun

nﬂvﬁnuﬂﬂquauaqnq1ﬁaﬂutuéqdﬁanqv§q1ﬂ7ﬂ=ﬁﬁ1ﬁuﬁqtnsﬁzﬁﬁdﬁéduﬁﬂﬁ@ﬂq

- undmiTuaunounangafiinnfumwanas  feed gas - -lufiwamontyd3Aya =y

wia = Tastunas LAafiins nrsainis WeauanA L Aufnas (fugnmgfivawfinfundu Tu
_"—-_&H-—h— ) i ‘ . i
feed gas ~4in l-I2 w1 N Muwaa sUaetuna s L e inuua s Snvr sanded 1dusas iwarla

Tauntsangampfiyainisdsiasasn Usinneadilatasiaulu  feed gas fuamaufuin
S Y . ot - - ! ¥ ? gh
uoatau (alkane) s[rammzdiATI=v DuSuelaTay LauLfa : (e Saunnuaa L audu
‘ 2 - - —
Tau 1wt = Tug 1 3w0an19 9a8u  Tuea=Atiusutalaiasy L suiiova 13 2 AAUSHIRLOA LAY UAS

oaSuanmaaru  (alkene) wnudarilvisd nfunng Teiu ﬁﬂéﬂaannnggq

- - - 1]
Yiaaiuisziau, Aassuaulagonldamnfaflinuiu  feed gas uaunia

.

15% azliluad WnsmonaudnnadloiarAnTuauinad wSayaad sfunidisiiu nfa Wiann
Uansun  wsnnvfanSunnundidou  (Inerc gas) fa 18-20% azamfuismaniad

(Bugainar undidoudafdunriutunisdsiasi = iaoldia s Anfunwuuindnudn

-
» Tn

ndsums  (iron-copper catalyst) a2u USsnundaisvawlsganlgniuundadziaviey

16-30% azntenauds CH, asmas 10-32% ontlluTescaumfotlinutla 16% szaa

2
nackaas 18-23% &l feed gas %31up758  inert impuritiestfiunza

4

1h-18% -



'Luqﬁrn'ﬁd}:‘-n%uq?au-'lgﬁf‘:k'mﬂg’;n?uu\wmﬁnuﬁ:maumq (iron-copper
catalysts) flgnmgfidatiumanudulu feed gas 3 =fua luualuny suIdn 5 inatiu
T L] - i oot
wRdsfdalRuunnaaatRIRARNY ﬂ11uﬁhﬁaqa=aaﬁnﬁuaqn1rtu&uuuﬂaqnﬂaxﬂﬁuaq

AlsuDuNanuND lYAkazuands 1fasatnilantsoanTiaguossa U Surduwuuul e

ndululs (Irreverside catalyst oxidation) TlaTariaudalda (HZS) Waz
aﬂyﬁ?znauﬁmuzﬁhﬁﬁaLﬁuﬂhﬁﬂaﬁuﬁhLgsdﬁnEuqﬂfuﬁmﬁﬂaéluunéﬁhrazﬁ=ﬁ#ﬁﬁ1€

- - . L e 3 o m
vFdniualaad it 0.1-0,2 nvu/100 o gaund ( 1Hofn L huuuntioizdu)

fatii wo wafusiurounada Ayt swaas idusfad

1) dmsadiuwas CO - ma H, Tuundarsidu 1:2  o11d dasaufnsun
Wulavaan (Taufiaaquaainiafoulaaan- 1:1.95 fis 1:2.05 wia
1:1 s supnson uiuSauto inlnudimaauns (TavaanaLafou

1sde 1:1.3 ) ) Taounadn CO:H2 = 1:2 fa1algialunsifL e

2) Ufuam CO  ua= H:,!s'm'luunﬁﬁ'aqﬁ 80-85%

3r-—luAas08 s Sounf Jusosudia, misiauuazldAsSasUs snoufisiedu

LAuns1 0.1-0.2 pfusasduszdusa 100 au. LuaAsyaswna

s o . T
Ay latarArsuoudtunsndiiasisulaiauly cobalt-chorium-magnesium,

iron-copper w5a ,iron cactalystsfila luni1sd9LATIEUMILQAATMNTTNAIY

L] - g -
ﬂﬁtrauan531dﬂnu?na:ﬁ1ﬁu7ruqnﬂﬁufaﬂ11uﬁu#§4fh (10 vizvand) lusasA

»
- - *

v . - L
b S it L R P



wn#l 2

nyzvaum ynwunddatastzuivuiing

(Gas Purification Processes)



FMFUTAT N1 T T S0UA AN § 4D LAT T = wiude L AT suaqnluTowd
] 5 4 ¥ B
(Biomass) uaauusn #aazynasidursiannnas g (fousatan w.A. 2525

aulls (loutuoaou w.A. 2526 Huidudauudans susunisnaunadsiast s lwusand

(Gas Purification) SausoIrINasAdR COZ,:Ju, ns(Tar) wazlava
nsmadmeluuasm s (Tar) nfsuSunosouq wilatasldansuivas

(Scrubber) nayiEeund L Sovuralavan v’ §8a Tamimnns suauna sHANANRA Y

| MAUNT ZUIUATT



/aasuwvas (SCRUBBER)

dnsuivar 1 duiafosfandaduazoassonainnndiaulduas iwad (daund

11} unszvaunasadad daseadfa

1. éjuwtniﬂﬁu4ﬁuuuﬁﬁqqq 1a

2. é:mqniunﬁfdﬁﬁﬁqqduaztﬂuuuuﬁiﬂuq
o iF ?1ﬁﬁghua=ﬁjﬂq74€hUﬁ£1

4, Aquasodunidla

5. TwUs=@nSanda

voldufa
: _ N
1.. mrvuduan  (Pressure drop) @9 o
©2.00 ArldaTuiunsURURaTuga C
nalnlunisduguazoondmivdasuivasl 3 uwy
“ﬁifh&bﬂﬁbu7qtdau1unﬂrﬂb (Inertial impaction) ' 2

2, _aﬂdhénﬂwnﬁrﬂknszaqu(Brownian diffusion)

3 ajﬁhnﬂtiutmua7quaadu (Flow—ling intercébtion)

Fwmiulunng snasmeaufiacan i §agaaniguannan 1 yesatuait nalinlu
3 * 3 . - S
_nasdusuas iduuvuanduus 118au (inertial impaction) aAsulvastivalunid.
e i 1 [ | - !-:-
waz I gn Wedniuludo 1 8ng a=ius = 2nSamBin2auuui luua =0 8us L 2efinng

; h s
wazuuAnty W Foun a:ﬂﬁs:&nﬁnﬂwﬁnﬁﬂuuuﬁﬁﬂutﬁu1

v nasiAonyfagasdnsuiuar

duayriu

1
YUNAYIILY

(S
.

) cu.
2. WUszinfarwflsasnaylunasndngiu
.

3. naqhﬂuamﬁaﬁmﬁu-



- ey i - s A e, 0 S|
4 aAsviver axluuysIndamwe Womus suam 80 wdav oJum danqguuuia
v S i = z - :
mifilguvusyyuntds uatanduanuay Hagusuas dnvnnidusuluasou (submicron)

fnaaldwuufvaiauduaannndsaz s s2n3nangs Aaudnaiuarsiagnaans (14)

A27LAURR wunaghiy Sndda
{61 WA ﬁ'a"ﬂ'w;yzl) s
ﬁnﬁrﬂnnﬂsaa§ | '- 0.5-1.5 10
(spray towers) _
inau 21Us0 Rasuluay 1 - 2-10 2415 ;
i(cyléqng ;pray scrubbers) J ' ’r
- Bafnisu ;nfﬁuua; : ’ 2-50 1~5 .
. (impiﬁgement scrubbefé)
VN ua:ﬁﬁim&tﬁm aAsuivay 2-50 1-10
(packed and fluidized-bed scrubbers) '
205fd dasuivas | 5-100 1 o : ' ;_;
(orifice scrubbers) i ) Y - P “i,
tug? dnsuluar 5-100 T
(venturi scrubbers) ) '}
UFA ua dnsuivay T 0.5 .

{fibrous~bed scrubbers)

Jtoms zuadn s dRLnd L fauun

o . i - s
n1sdaund Clovuflisasnasdananndavuna (gas streams) Tasinasvinan

L L ] - - i - -
AMNANTRAIATI LAUIRUULIUY aullas suunasan s Tontsruousamadduduenu W

waﬁunrﬂﬂ11uﬁuﬁhuﬂa4n?:yaunﬁwﬁhﬂhﬂuﬁuaaanw7ﬂa:uuntaiuaéuﬁaﬂunﬁhuﬁiﬂ

.

n avsusuntrfusakiuntra dannd  Saduazuenliedu 3 wuuAs

-

1. avgaduiendlunadiva

2. nasaaiuvenUlugaauda

1] X -
F 4

3. aasudfSoundaini o ividudnsus snavudiadu



/ Ny ruaunis luni s adnundntsuadinaanlya

imATuTadluna s danunddlafna semasiatuny suauni s 9<Iaunanitu
n1$@ﬂﬁuxuq1ﬂ1uﬂaaxwa1ﬂqaqqtﬁuﬁﬁavvumﬂwﬁadﬁvxﬂﬂﬁuq TuusazvuIunNsag -

- - : i - . - 5 -
0692 LAUUANAT IAUULATUARNT 2 2 TUN1 ST I9IUUA 22U LURABa NI T T ER S Haazla

natimail
7 nisgaduan susulagonldaiuii i ‘ _ ; e %

i 1 __. i N ) il - "_'
1 ludnounadfifartuiudTagiant = lunasda LAs svuon T iy nyzuIuAnsh

L.E - > e H i 1 - - i ‘l. i Y . v
gr*::-f_;ﬂua#ﬁnﬂﬁﬂqquﬁuqauma4n1xuau1aaan1dﬁnaqﬁanjq.50 Joussamnis1anid Tauldun . -

@nﬂﬁﬂjE@awimaanﬁﬂﬂﬁﬂaﬁuﬁhéqua;ﬂquaanﬂnjgnﬁuﬁﬂ ns=uaunnsazdulual

?-;f. jr__nuudq-ﬁqiygdﬁ.Zriu._.f

e : - LOW 8TU FUEL GAS :
oA AT ) (0, AND H, MIXTURE | -
7 s s % > _.._. : '_'.WT .\ . l :

v

ABSORBER POWER RECCVERY  FLASH PUMP  DEGASSING -
TURENE  © TANK TCWER

Figure 2- 1. Simplitied Tlow diagram of procass lor absorplion of carbon dioxide from gas
streams with water. ; '




iy

ns=uruntstanunaniToonuuuing = luras1d L ATasuaniUSuuadtusoulan
Wiassidnrausou W aza1urIn1gn waiifivadofa Ur=Endaaniuna st o,

51 maldiatosduarandugs

- -
YarsnadnAitruadinaantedanunouTuefy

———

nyzuaunastifivodAawaniufiufisnaign waxUseZniaawlianas 1fo1aans
&'uﬂau‘.u;nnmguaﬁafia’mﬁ (COS), ‘Arsvauladalna (CSZ) -wufa HZS “uasz HCN
(Erilattudnina u.a:Lﬁ'a'tJ-.-"mﬂum-zu'mms-s'um_qu'zw':z-ud'mmﬁ'u valdufifanay
n‘mnsjauqaqéﬁﬁsmum;uaLua (\'ﬁumwﬂ‘z'luunﬁﬁﬂ HCN :.nn) #Hamoa1dTauns

- ] ~ i € ot - = !
AL AN T AT 148 43 T a1 sasatunduna 1d Imsiua =ns ruauni sinousn adudou

waudanyzuaun s waAnIauIUf 2-2

€0, AND H,S OUT

——

TO CAUSTC
SCRUBBER

AL I

WATER

SILUTION ATID GAS H,0 WASH
CCOLER STR.PPER . EOLUPN
SCLUTION HEAT :
C0; ABSOREER EXCHANGER MMy STRIPPER
NH, SOLUTION

STORAGE TANK ] -

Figure 2-2. Schematic flow diagram of carbon dioxide removal wilh aqueous ammaonia.



A
P

1ugdun@ﬁ15aﬁnnﬁ7ﬁwiﬂn41ﬂnﬂuﬂu (coke~oven gas) AU A lasu
. s L - - T [ ~ - 2
aasnEalstaraudalve, tuufiu (benzene), wazvwialaliaransuowludusAoy wnin
Tianagsoantigumuauan a«xuﬂuﬁmﬁuimﬂaqwnmmwuﬂﬂ7uau1ﬂaan1wmuauu1uﬁ1un14

dudtrazatuwaniudy 2-5% fuin undoonannvetiz=f CO. Ussuam 150 ppm  uaz

2 ‘
ﬂga1ﬁg H,S watU S 3 NHy agur L Sniau deaszgminaunnldsnlmod1diiaa s
twatef;wash column) wa? CO azgnndRas iufa 10-25 ppm Aniauldans

2

_;éfaﬁu- NaUﬁ(lS)

i ; = s - A e 5 o Y : y {
- pasmadaansuanlnoon 1y tnulddn s tarmaTuanlun (Ethanolamine)

Iﬁhﬁuaa (SﬁIflnol Process) ua:TJLJﬂ%aimnaﬂnﬂiuaﬂTuu (Wethyldiethanola—

dnrflelunnagadansrafia YatuianniTuan linl (monoethamolamine :MEA)

ua:létaﬂﬂﬁiuawinﬁ (Diethanolamine:DEA) A4 Ins tanmnTuar s (Triethano-

. C AT B
lamine: TBA) lumauadus, Arwglunsgafin CO 5 A luAniiaf innffukazaau,

'L13411maﬂan.u1m1 ﬂ41umauﬁuu1ﬁ uanqanﬁuqiﬂid1aLﬁiwrwqiuaqiuu (Diisopropa—:

2 o

f?nolamlne DTPA) iunw-uiunﬁranﬂ (Adlp Process) uaviun17n=,u1un17 f

mine :MDEA) uazinlnaiaan (Diglycolamine:DGA) -1unr=u1un17gnﬂh

- L} i
AU aftandsdtuanan e

- Yufuiarmaiuatiuu (NEA) -

2 1Pl anAunnadsasau susinal u,5 uas CO, suazluflds L fovuwan

" - " .
COS wax €S, Tauiawizitiald¥astudusdwazsanasnda 1, Suaz CO_UFnmags

2 2 2

nafiIhd mIn T anad Mt 1uadafinian uniaunan s (Taud win) fdnawaanndu

Araganaznmsfdnnsadadrsazanofidnusn (concaminated) _nduwnldaruiinnsly

o i S\ I -
sntinna Inlivednasts Jvdutsovavtwne tieduqla

- usifupaq HMEA AronULnfuruvudundulalaiy COS was CSzﬁhnsauﬁq

- -~ L] ] ) . & -
Tmu&nﬂﬁ:ﬁﬂqﬂn;ﬁmaunﬁﬂ 20% fEufuanwmnans Aoy Qarandulogsn v fgulu

. \'

ATz uoieuiamn =z luns zusunasiie Y3 susa

1




- i = - s - § g
LU NN 77T N T IoUAULR I AN AU T 2 ANS AT D UM IS RAT v 59X
(Overall mass-Transfer Coefficient:KGa) voidrvazanu MEA azdanitwaa

DEA 2-2.5 iniusz@inawas  TEA 20-25 - ina(16)

- TatormiSuanlan (DEA)

fiaasu a1 unm s d s unT =us ~n114fbnv’4r.1ﬂ:nsau1d

funis Tz g lamoerstls wanaanddsldlamaupnsuadu COS ua= CSZuaziunau

Aans sunindnds (vun =& msuunadfl  C0S ua= cs, ayauuananuna H,S

uas Cozﬁﬁb4ﬁqﬁmu51 TauralUdrazatu DEA  szfansowdouninadrazatu MEA

sdaaaﬂnéﬂuqsnuununénrhaahiﬁﬁmuiﬁibq1meugﬂ@4uqnﬁh%u5uautaa?(reboiler)
- inamos-218u (Glycol-amine)

LﬁuuaquﬂuuaaiuiuLannwiuaﬂlam was iﬂ urn\n:nanﬁﬁuinaﬂaa

(di-or triechyleane glycol) d41ﬂﬁun1$uvnunin:mua nﬂﬁhuﬂaanaﬂnunéiﬂ

Ws oniug 4n11wn7-u1unﬁfﬂlﬂﬁauwuaun11ﬁﬁﬁ}.uuﬁ13§1ra satulwin wazdednuayn
wun (stripp)HZS was COZ aanaqnéﬂ:a:aﬁuiﬁaﬂaa-ajﬂuiﬁtﬁauﬁﬁuunﬁﬂiﬁhné
Auuns suauna sHAUTANS § < g

ua;ﬂﬁuaqnf:naunwrﬁﬁﬁhﬁ nsfas dnrazatddn son Wl Tlad
paarTlvilfunediiludnsazatuflan 5 Was tdus wfan1naf34maqubquﬂéqﬁ¥uauaaa.
(reﬁoiler) mqﬁh1unnnnﬂrﬂhnrauaquazuaLAUanuaﬁaémxauiunbnnrrztnuuannu
Laquauh4uanaqnﬁﬁnaﬂaa-aﬂﬂuﬁLﬁuénqwiq (contaminated) luasmasmdindusin

1 lmnn2u Gsnﬂ?ﬂﬂhsrsunﬂ;uﬁau1u7=uuﬁiﬂﬁﬁra=aﬁuiuﬁﬁ

-~ sinatmanfu (Diglycoiamine : DGA)

Y

v zuun1 Al ST e zatuiifarany suaunn svigaar TATNTIAL

g <
(Fluor Economine Process) .#ariazaiufiamdadfiviioudiv MEA wananAan

TuffsBEIaE T darnrala iafAalaniekeuds 40 54’60 wWaridus nindasanag

“yuL7uuu34ﬂﬂﬁﬁasaﬂuunzu?uqmlaﬁ1ﬁ13ﬁwn11Lﬁauﬁuuﬁbdﬁfﬁza u MEA



go L auAatiTIANY ﬁhﬂ?auswﬁnﬂﬂvuau (carbon steel) 74 guwiu

.nqﬁunqﬂ?mﬁtnmuﬂunﬂwﬂu1nﬁuuﬂiuan1u1ﬂtﬁanwuan Funnv CO,,C0S, um: CS

22 ! 2
o fuudus =uuld MEA misiandunn g vsyasdnsazanulatnataa Suiignniano

3 fuy Y o -
~ amadluniynauuuugomann A

! ImTuTﬁTﬂTWWTgaﬁﬁu (Diisopropanolamine:DIPA)

SR _1ﬂﬁun;:u1unﬂraﬁﬂ (Adip Process)uazniszuiunisdafiuoa

1un? U1unqranw15 DIRA %, manutuuuunauuqaﬁads"mﬂm 30-40%

Lmﬂuunéﬁuanaﬁnﬂ HZS waz CO2 o uaquqﬁ COS AU é4nawzﬁh1ﬁé1u17nn1ﬁh

“C0S’ 1ﬁﬂ§uqmuﬁnTnuiuﬁmamaéﬂ?a;aﬁu uanaqnﬁdh1dﬁadﬁlun1rﬁﬁa:aqunﬁhuﬂ

S I I‘. D -~ T :
© o dMemou uszglndansousiy . - oo

s 7 1unvuuqunﬁ:wawuaaigiﬁlaiﬁ\w wauawﬂu 1uﬁb¢ﬁn1a 1uaun.u
j ﬂﬁﬂﬁ (Phy51cal orﬂantg solvent) daduun11uﬂ11naﬂ4n?1dﬂ.1 zatuLarma -
iuagiuﬂ ua:ﬂﬂimmimuLéw1:Lﬁadﬁunnﬁﬂﬂﬁﬁnﬁhégna;ﬁﬂiﬂu;uuﬂhuaquﬁdﬁ?naq

'iﬂﬂtﬂﬁﬂz..dzs . o M ' y

T o adalaarmn Tuai anidas Ins tonna Tuan i

; ‘(Methyldiethanolamine and Triethanolamine)

aﬁaiﬂ?auﬁh%u JN stimdnﬁw CO2 ?muuaquﬁnqﬂuﬁhaﬁua 2R3

dﬁuq.nhnsanaazﬁaﬂn*1unq7n15h HZS L Foutn BUﬁ41?ﬁm1nnr=u?un1 'hhiuﬁ

2 e :
mniuanéﬂwn??u




-
-4

PUSIFEED
e ETHANOLAMINT
an SOLUTION

ACID GAS
2 TO DISPOSAL

T®

L3 L
SOUR INLET __4:\____ :—-\_. .
GAS L pU— I
p— COCUING
H,0 [‘-— -
AGSORBER : STRIPPING
COLUNN

Sunndanadany suIdnag

uuuﬁiﬂaanv=u1unﬂsﬁ1JﬁhnﬁTuaﬁ1uﬁ uémqﬂuzﬂﬁ 2.3 taufiunadfssrin

s dnda zinududvagndy (Absorber)Tnuiwaﬂ1un1uﬁuaﬂaﬂauaﬂ1a:aﬁnﬁ1aaaﬂuﬂ #13

‘azanufiundnsags (Rich solution) qqnmﬁuimua@nﬂua=§bﬂ1ﬂu73u1uuﬂ#aa

- | o < ) 8 ™ - oo
uﬁnLdﬁuuﬂ1quvauﬂhéﬁ:a:aquﬁﬁunénvﬂnﬂ (lean solution) ainarulananai

At F - ] ) | e - v 3 *
won(Gtripping columa) nAaz Lo AvanduLuniu? LIRnaUaAYD Anyazsrofifunadnss

Augrau azgmmal \Buassntuinas

uanuﬁaaﬁntﬁua4LﬁnuauLﬁau1u1ﬂ§aquantdiuuﬂ1

unnLuauunuqurbunndhudqn1uxﬁm?aaﬁn1ﬁua=a=gnaqtw11ﬂJauamuagmﬁuxﬁudhﬂ:u




T9U wNANYedIgnuLNasnaIndn razatuluonduuuna s gnvi v Gua LRan 1w lowis

) el oy £ S %
ndusiwa s thifoainniousnazonds 199y suu L Bar 1AL SuBuE 3431 SR Ea1 Y

Al Baurnnzzndui Bafwondunun ivaanoudn razanuifiunansag « tRadaaiuna s

anu\ Auwasofiuidulasaniy

nﬂ?ﬁﬂiﬂﬁqsuauinaaniﬁﬁinuﬁﬁﬁﬁ7a:awd1nnadﬂ4(Alkaline Salt Solutions)

et

Jh#ﬂﬁmuauh7a=awuqaﬂuﬁ13ﬁuﬂwzuaun1?uununn CO2 was HZS 2
ﬁﬁ7U?=nauﬁ1ﬁh1nﬂ§n50ﬁw34¢wﬁ=aqun$bunén?aq=ﬁhqa1uq7ndq:éawudﬁnﬁbidtﬁu
Arsazanuidnlaiiy wnnﬁnquﬁiﬁﬁamdﬁﬂnﬁuﬁtnﬁauaqdﬁ7dr=néuﬁhbn7ﬂdaunﬁhﬂ
gméuﬁmﬂ'uazﬂnr:udunﬂsujnﬂﬂu1ﬁ?bn1?ﬁhu1§ha1nLnﬁaw;nﬁ ATzuTATTAET 1o
'ﬂa_f éﬁ;azawuﬁuﬁwmaqinﬁaﬁgidnﬁuﬁwﬁaiduhﬁsﬂuuLﬁubaauU1nna=§aaﬁaULQanLaﬁﬁ

. ﬁﬂ1ﬁ%ﬁra:aﬂuﬁ?ﬁhz}ﬁuﬁh;wa§ (buffer) ﬂ PH  Us=zunm 9 s 11 drvazatuds

fanwiduan affa zangu stué= co, w?aunéhwaénq“uazﬁhunﬂrxnﬂﬁwuwafhﬂnn7n G

“oowludrsazatonaluan pH - lidonudaslui§an inSefildluns suauna st

e Wlaun Yooy uaz Tusd 1 BunA1susiua (sodium and potassium carbonate), -

x - - . -
viodwm (phosphace),voisa (borate),a151olun (arsenite) was ATwuiam

-(phenolgte) ua:tnﬂaaﬁnn?mdauﬁuq ¢

nsruadnas inaqtiotaeenlaviu 2 wwu Aa uﬁﬁﬁgﬂﬂuﬁqmugﬂnaangaﬂsznﬁm
70-100 v ua:uuuﬁgmﬁuﬁamwgﬁ@a Tﬂuﬂrznqmuﬂﬂﬁhamwgﬁﬁﬁwnﬂrﬁ1éﬂra=aqunﬁbnﬁ
i 195n (regenaratce) ,ﬁmunuuwﬁqﬂlwu1:ﬁuﬁ1uﬁuunﬂdﬂ1ﬂuﬁh@4 WA znatsianns

nr:uqunﬂ7ﬂ13ﬂuh77ﬁ1¢mund'COz L Jumdn

-
ﬂn?:uaunﬂ?@nﬂvﬁggugﬁwaq

- NITERTY CO2 inudsazatudanila-a1ruoiun (Alkali-Carbonate

Solution)




27

nasgadiniinlvagi s (asenann inst sanva zatuidniren ama Ny ruaun st
dqﬁutzzn’émwﬁ'q’mnjmun co, sanandtsazatouazaadtdlaainn \nulunszuay
n1rfdantla-Asuaiuaduwil s dnfunriu. €0, naty tdulumisvaium (bicarbo-
nate) Tumossduiad wvunduiduaisuauadn (aWAlausoualulad eaotoidy
- Srontf11d3nrasaruiniuiomiuvan e (MEA)  fauwn C02 2INIATNUNAIINATITLHA

Iviuunu

FmsuTd i Avunnsuoius (Felonsandadds: (free hydroxyl) daunain
aafhnimme) I ldlunisuonundnt suoulaoan ldatiuas indaainn suunaiuar suaw
asA s sAnsaanduy lunszuunisilonsandadds sazvunfunduy COZ- \Ouidi fon-
ATTUS LuATABARTWAT a1 Busn $ama s Ivoy Tus ziud sdny sriataunt s LANTIRT Ina U u

Ansazaiut Yoo mauueudins suounasdagud 2-4  gedunsoan COZ TuarnAln

300 ppmastuda 5 ppm  ainwouawas Tepe uaz Dodge (17) garinaymaaaa

- L] - d - - i o - ¥ Ry
‘luwa@mﬂuummﬁ'umr_munmq 6 92 usyamIvAsuouwsdfnss (carbon raschigring) -

suia 0.5 41 mulugs 36 €2 dagud 2-5
i ' ‘ -
PURIFIED GAS

__ STRONG CAUSTIC ' T

$ NaOH
)’\. CAUSTIC (SOLID] WATER
! FPESH
LN ;
Feco oas =1 -@llgggg?;swj I
\ " s LRV
U] ’\ LODITION)
. rl“u—

SPENT -

- CAUSTIC H |
B e J-W L !
IINTEPMETTENT]

DISPDSAL) 2
L5SORSER Mix TANK

,

Figure 2-4. Fiow diagram of caustic-wash process lo remove traces of CO: from air or
other gases.

; ; o iy g i TGl S
anzuaziiuan@ns sininnseadua s (At o RuRaTu sneuo s YR W

pari)

- - " o o
aufls 2 N unzanasvaaaind n*.:famaqﬂq;ﬁaqma'mﬂ':';waﬁﬂ‘r’:s,thu dausngnaa

wwudf i AaduAvat razanuiiul amna Wwan lamiaau



2 28
3.0 -
0% CONVERSION TO SODIUM CARBONATE

N i
i _ ]
23 .[
- =
e (T ] 50
SZao l \‘\_:_q
- 4%
&4 70 *7--_‘~\\“h~
=9 —
ga ' BACKNZ 25 /M CARBON ANGS .
< ; L= '823 LBAMRHSS FT)

x i G+ 37 LB/IMRISOFT)

i TR
Ry 2 o
v ! c 3 4
SOLUT:ON CONIENTRATION, TITAL SIDIUM NORMALITY
Figure 2-5 Absorption of COzin sodium hydroxide-sodium carbonate solutions. Data of
Tepe and Dodge 7 -
mrgedufignunfds : | s

“= - .- navzurkniWuadiSouAnsvaiuasou (Hot Potassium Carbonate

Process) w&ans=uaun1s \uuRan (Beafield Process)

aszuaunasilasunisiemuninu U.S. Bureau of Mines  (Tudmnmiswaanmas - -

-

- - 7 : 2 “2h - v o 2 . - o~
AUAN1 T4Uga4n I suununa CCI2 tﬁaamm'lz!aw'lunwm1una§'_~=ms—qzu'lws‘:;nsm_ums-

sanuuuny zuunsfia s Muaids dad msudnneaundds iasaan i manduuapeas - ©

tl :
% CO2 34 uazunafdgnmaNda uuusi’qn".-::u'mms'rﬁu‘l‘i}ﬁ‘-:idﬁ 2-6
PURIFICD GAS
2 ' €0,
CONUKG
A h WELTER
f
{

STELM
, P conpensats

LASORBER REGLHEALTON CCrensaty
i ECIMUL L TOR
h 1

Figure 2-5. Flow diagram of the hot potassium carbonate process for absorption of COx
{spitt-stream absorphion).




&

dinounlasunisviarsnszuiunivbuisu Benson wa:z Field Yauiawdznasvaun
AnTupenoaiwiodla (Activating Additive) asludrvrazanuTUumd fun misua-

. -

on N ISP S O T W &
\uA AMAANT TRAgUUA AT IR ua L Ausiuas Wiy laundsunindanau

A1 7 W TUuRA LZusAt Fus Luslun sun C02 vudy Fndunnuineaaniots
AuinfvosivorudoumwdslUts € A.A. 1904 1mpSununs=uunisandu 002 u
. - - ¥ y o "~

Tusd L JunAn sUS LuR s auUa=nduLLN2anaNAN Fazatu Taun yanA1 LR Tnn kR ox

A NT U ndn (18) wud 1924 Williamson WA= Mathens (19) s

Anwadasanasgadn €O, a1 razat o TULRA LJUNAT TUD \UFILA EwU2 T 0 LRNGIM A

voanarandufuann 25°¢ Wds 75°d wardnsinirgaduaz idnfudaunn aandu e

U.S. Bureau of mines 1ﬁﬁﬂu1ﬂ75U9“ﬂqfﬂh1“7=ﬂbﬁﬁé““n77” : ' 3,

-

.qﬂduﬂﬁamw@ﬂﬂuwagnﬂuaq 140 aus 1 Junoe WAl s ouriudn s =atu 1 fa

Witl1 paempRAt duna sndununivfoutuny suaunavdu wa=daldnoa g infosuaniuduy

. - ] ) . 5 L] L] »
AYMNTIUT V21 VoD AdNUR sVaNANLDNLFRUI $ 1 amwaﬁangdﬁuLdun1ra=a1uva4

Tumd (Punluatsua (usn(Potassium bicarbonate) dtidruivsrn Qunaslataolddar - -

y = TN ey R G ‘
AZRTUATIHLENYUGS aﬂniﬂﬁ 2-7 AN\ DNYULD COZ THAT YR ZRIURARIDUNR

L] 1 ]
71nu?1tﬁaamn1quﬁhuauuaqJCOZ a1 Fuiuna s R razRunduna g migsdanrn

oo ? P
r1lRoul 3 UT AN adwiA I AR 1

. s L ;
= i .

’ L} 1 g - ait
g ﬂ@wﬂuaqnv=unun11dﬁaﬂn1ﬁnﬁhnrauééﬁaLwﬁhnﬁruau (carbon steel)
] : - - ® ] -
Yaureduifofina s (Uduuulaani s Laflu L Tulunt sus tusg s 1ivdna sussURaund suau -

1naonlegnuazlod danraufuanas Rodawula TUWsd L Buslnaro iy Jushdufana s

-

' - (% - -
fansoufify =an3aaw urxlednrquioneu 0.2 wWaridualudirazarulunisgndu COZ'

1uunéd41ﬁﬂdﬁ?U?znauﬁhusﬁuadﬁ1u (20) . B i X A

0268686



mﬁf .L - A o T T om:
N | 1 — %,
. i : 3 1 I Fa
L ! £
L Rt paf oA ;
RESNE IR 3 Y A
i [«—LfL
I
- ' -‘I./ 7
: /5}3 L/
10 A £
T S S y
3 A o L |
42 A EW AV O E
: Fa i O il 52
d /i =
pAVAYA =
‘7 ‘AL
- oW /&
@ ~- ' 1/
3 ¥ S B TR Y
uy Fa=y & -
= "7 Az i .
& L4 :
: B
-
\: - Zfl/ Oljubc -~ P
: { g ti?90°c
} : Dnoc -
4 y 3_130c
. i1 —
__.."x{l 3
/. = i -
i
: )
[}
.____‘_-‘“‘ ----- .
J__ _ﬂi g
0 20 40 B0 80 100 ¥

PERCENT OF K,CO; CONVERTED TO KHCO,
¥

thure 2-7 Equnhbnum vapor pressure of COpover 20 percenl aquwaiam potasarum
carbonate solution - -

nszuauniriauanfii e Llntuuian (New Activated Benfield Process)

.

N1y L Mdan AR 4 WA razau o L1 Wdaran yanduna suoulaconlds
1 i - . L . i £ -
tﬁzéhazdﬂuamu1ua4nuuaznﬁ15a1un1xﬁu41ua4uas1ﬁuqmnqwﬂa4unéuauanmau

- 1 - L]
N5 TUIUNT sﬂquonmsathﬂtuuﬁanyuéﬁ.xnﬁﬁJﬁunr:gun11u10414uaaﬂan90ﬂﬁ1n;uﬂ

t.ul

tuu Bsufeniunfian (Benfield Corp) 1sqvasluand: 314713 K 0L RRR2 TR



INVESTMENT COST, MILLIUONS DF U.S. DOLLARS

5.0

4.5

4.0

e

350

UNACTIVATED
HOT CARBONATE

20 ;
. NEW ; =
| ACTIVATED .
BENFIELD ¢ iy Vi
1.5 o l | I |
0 100 200 300 400 500 600

GAS TREATING PRESSURE, PSIC

“Figura 2~B. Comparison of capital invesiment for COx remaoval by MEA, hot carbonala,
and new activated Benlield process. Basis: gas flow — 5 MMSCF/H.; % CO: in — 20: %

CO: out — 0.1. Data of Bsnlield Corporalion

-



1.5

s \MEE'A\
1.2— : -

1-ﬂ i - \ L .
_ Fas UNACTIVATED - .
e P L O R g ] HOT CARBONATE 5
P : 7277\,\ NEW ACTIVATED, - it « :
; &

0.6 A A o s P O S

. =7V 5 //// /
e . r

e —

0, - 160 . . 20 300 _ 400 500 . 4 600
U+ "7 GASTREATING PRESSURE,PSIG - S

0.8

ANMUAL OPERATING COST, MILLIONS UFI U.S. DIOLLARS

ARY

L ]
Figure 2-9. Comparison of operating costs for CO: remaoval by MEA, hot carbonats, and
new activated Bantfield process. Basis: same as on Figure 5-39. Heal — $0.50/MMBTU;’
power — $0.008/KWH; cooling water — $0.015/thousand gallons; 338 operating
+ days/year. Data of Banlield Cirporation

»




- . . - ¥ ' P o o e 8
‘wsiund (Wounin 500 ppm. waas CO2 ) n1unﬁraqnuua:nﬁﬁJhﬂuLun1?n1nuu4ﬁuaﬂ

' ek
AIINTsUANNN T AS L AN

» -

pouawaaus¥n i uflanaugufl 2-8 uaz 2-9 1Wdunszuaunasdaiasio
waniuifluuazAzalsiasiaw (Crude Hydrogen) ﬁbgaﬁﬁiﬁﬁwuun4n7=uqunﬁ7ﬂ1—

waad 121 fmvnufianud ae iunouunufa s 13w duinsa =ns sutuna sdBA S mmguda

-~ 2 ! p L3 -~ B e e L}
wua TN oensavieas MEA  wazdavazatudalilafudasdruny sgualanios o
ufnfun - (unactivated solution) udnsf4walsUfuunniAswsfNagaany=uiu
nﬁ?TduﬂdLﬂuuﬂﬁ;uatunqzanaqLﬂaﬂnﬁuﬁh1un17gmﬂuana4w¥atdaﬂfuqmnﬁruau—

1naanlgn(A21iLoU) wodundduien (feed gas) A=A

- nyzuaunisAtanAtu (Catacarb Process)

\Judvandyos Eickmeyer and Associates of Prairie Village,
% 5 1 h ’ .
Kansas tﬁunﬁrﬁmujﬁhuﬁuaqnrzuaunquUuméa@uunq{ba;un?buinuiJLnaa

TUsmd L Tusuazan 71 fols B (Additive) d41dkﬂﬂluUdidiUt;4Uﬂﬂ§UﬂnﬂT@ﬂﬁh

uéznﬂ?ﬁﬁgﬂgu_ﬁDesorption) vasunanyaliayianwd zruund 802 Tunasuun CC&

aapaﬂhnngaantnu (Crude Hydrogen) ua:hqvﬁqtnrq:ﬁhautytﬂu n§arfuuna

syyudangan HZS ﬁhunfw_l.tﬂ?u (Grain) sio 100 nu.ﬂnanuéﬂuﬂrnaﬂ co
I e = 3 =

'lu"la'im'tqunFauﬁﬂuauTutﬂuzﬁLﬂ'i-ﬂ:-:;r'a-x 82 300 ppm. (21) nysuann

2

Ursudanasaaguas 20-30 ar i Fuiwasntsaanulunszuaunas T Tul orma Tuan lun

- _ nAvzuauniy Glammarco-Vetrocoke

Tngiﬂhﬁrn:aﬁu?dunuuuasTUundtﬂuuaﬂ§1QWgﬁ (Arsenite) “u
n1randy COZ ﬁqmwﬁﬁuﬂzﬂdﬂudué4(?2). ﬁﬁrLﬁuaﬁ§1dﬂuﬁﬁiraan1dﬁh41uﬁﬂr
a:aﬂu1uJﬂuaaTﬂthuuua:iﬂ#naLﬂuun1§haLuméﬂuﬁ7nLﬁuﬁhquqrgnﬂuuazﬁﬂawﬂh
(ngorption). val CO2 1nga uaaa4nﬁf@ﬂﬁuua=nﬂ7ﬂdaw€uadﬂ4?1ﬂx?7_

AHT 7=ﬂﬁhﬂ11uvau1un1fﬁqﬁﬁ7a=a1undbuﬂ1ﬁﬂwu (regenerarce) Yavanuun

uaqLnfa4ﬂan?mLnﬁua:ﬁﬂluun%ﬂinﬁﬂ11uuﬁén5§h

]



34

i,

- Y "’ o ¥ - -
nsruaunt s gAN T Ao Wwsia tﬁuﬁuauru‘luéuvga WHFNnsa zdvRzau

a5 v un Sufae .

- 'aszvaunasisafidaa (Rectisol Process)

2,H_ S, A1sUsznoudunsdudunso , HCN,

wudu (benzene) uazairlolarmisvoufmalvifindu (Gum) anunadsiasas=v

tOunyzuannsndauna CO

Tnuﬂéﬁhﬂuﬁwtmﬂﬂuan (Methanol) 'P{qnmgﬂsi"i'] Tnufuna 002 u.a::_HZS it

dnnsnazanulngsiu meuaaﬁqmoﬂsﬁua zArufude fufualauroudldlunsrzuau

n1sd4vavuan

gofyaanszurunt iAo ldwdidausiou AqurrardRdns L Souulagndftaua= v

uﬁuhrzuqunﬂfﬁmfmnm'u Souusgunan

01 Aufifony=uauna sddududounsamuds Snrdut dudarhzanuludunas

© rrmeds um=aosldnszuauna sffls sAnsatverinnan i fon undtwus ndluduganioi o

';'_::f“;a_qﬂﬁv"l.ﬁ’unziﬂdfmm COZF'M

At zuaun 74 L efuwnad s U Sunama suaw lnoan ladn, 151:15' vaudalna

uasdﬂﬁm_hﬁuq eqﬁmquﬁua-:m"\ 150 psig.

. /ﬂﬂn'zfu"__(Adsorption)‘

luna s L AT s aiilusaan s suTunn sReL dar Insud dascdustasnusaan

"

(Yield) - ﬂqguﬁaﬁaqgm?ﬁaanq-;nmuﬁﬁ?! (gas stream) n'auu.r"umtlﬁnrn:mﬂ

ﬁﬁs‘g:s\d’uuﬁ-: Wy 2 uwy (Ref.23,25)

.

1. nirgsdunisniunan  (Physical Adsorption or van der Waals

. adsorption) \Junszuaunasfdau snooundula (Reversible Process) 41 vJuna
M1ANRTINT e v zua1aTuiana (Intermolecular force) ¥adwasudadudnsgnga

: ' i 3 ~ [ i t o -
(Hour ans =riiy =114 T anavasradnduazAngddinanr ans =n'ar s Aenngaauiu



3z 1 TUNR IINIRIVUNUNA T B 8o sudanTIuin Al uAurosns zuaUNA T 34 i

Ar1RAu 2024809 ivanAmal AL Auaiy AnsAruwiuls sAtuA2 NTouDaNIN

1 6291791NA2787 U 80881 (AT aneosudaulgwrugs v mafldunsa

vQun (Wet) ua4u§4ﬁha=a=ﬂuxﬁHidiu;w;uﬁﬁﬁﬁhaq¢§4d1u17n@nﬂbiﬁhn' a7

n1s¥iauiuoisn (Regenerate) R sanTialnuna sanni1ufug ol

—

: - " s 1 3 - " =
‘arruana S on ngompfdadu wosmaniua sy ivundudani 2 snada fauazuas

wistiudnmn v ndusii gl alww Lo

2) naraadunuvuiafl (Chemisorption)  iJunszuiunasrfiooundula

L] w~ -~ : = #
yrmmSanana11voundulsla (Irreversible ProceSS)ﬂuuaLdaquﬂqﬂnutqﬂ4gn

(Bond) y:widiozmoufANde arwmdsaaniAmUinsun uafluaz (o Ampnsuasy . ”_iiﬁ

L L] . ! L - W L]
ATINTOUIDNNIZANTIT NATAATULUUNNUNTY H70U1183IATTHTOUYDINITAIVLUY

.
-

- 6 . T 4
WUUSSTHAY, uasnaraaduis 2 wwuweslutes Lswuwshi s sufnfunfliduiudn

1y 1 JuYas tMauuUs s suan H= -1,360 : nqaa#ﬁanfhiua
N5 eaduniINIuUnIw H = -(2,000-3,000) ik "
nasaadunuuLald ‘ H = -35,000 i . »

_... - L = v_ - s '. : Sy .
syaaft 2-1 - wSuutflougauanaiiTsvananasaadunuuniunawuazubu L afl

‘a

']

vanseady -

+ L

Aasgadufl i Sutosudatna =1 gl 1fanani &nn ﬁuuﬁntﬁhd1duéhajqﬂr=u1m

12 Qafiunr B3 50 lwarou delatinuny zuaunts wlnaauuds L fuswafia el fovau

% i ] ¥ i
v§ausnsaanamin sz vntTnusuwnIssas laluiadaving

# 0 .

n1sgaduasAduidafdninomiand minvasdirfugs Tautewrzidatldannng
Ui Rosuatufdfanttuoninafudssantiadas idng {pore)  avluifadnsiusiu
Lﬁﬁﬂﬂ€u1mzunna=ﬁw1ﬁ@uﬁ#1w§unqrgnﬁba4éﬁ tthu Gasmark Charcoal ot
H :

tunisgsdy 1,000,000 n1714;§ﬁ§ﬁaﬂianfh. .




J/Table 2-1

Comparison of Physical Adsorption and Chemisorption

Physical Ads.

Chemisorption

Heat of adsorﬁtion

Small,same order as

normal liquefaction

—

Large, many times greater

than the heat of normal 1142 .

Rate of adsorption

nce to masstransfer

Controlled by resista-]

Controlled by resiscance to

surface reaction

. {specificity

- Low.Entire surface ;-

.available for- physical

adsorption

High Limited to active

site on. the surface '

|Surface cowrage " < - i
Ve : R '='ble to multilayer e

Complece and extenda-

‘a unimolecular layer

Adsorption above

critical temperacure

None
-

No festriction_

.}Adsorption at lqﬁ_

20 s feSma Ll
Partial pressure '

Large *

partial pressure -

Adsérption at high -

;infinite amounts

Large, may extened to

Sligﬁt-increase.

Activation energf

Low, nearly_neligible

High,corresponding to

a chemical reaction

Incomplete and 1imited tn_ o B

Quantities adsorbed

Per unic mass
L]

High

Low

Y T
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: § Table 2-4. Typical Analysis of Activated Alumina i
Alumins (AlOg) ............. s e B R e e AT a2i. 92,00 percent
Lossonignition (H20) . ..oiiiiriiinnricrnennenenecaanaacnannn. 6.50
Soda (NarO) e vvieieenannnnnn.. oS s e O ot - ST 0.90
Ferricoxitde {Ee D) o iii i rvnsndobor tain e hmmmmmo s - i Bl 0.08
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Figure 2-1l Equilibrium capacity of solid sdsorbants versus relative humidity. Silica-gel,

data Irom Davison Chemical Co. .; Activated Alumina M-15 1, dale from Aluminum

Company of Amserica - - activaled bauxile, data from Amero et al. ; molecular sieve,

-

Table 2-5. Typical Analysis-of Alcoa H-151 Aciivated Alumina
F ) B & PO S e s . Py PR - ........!T‘)U.Upcrrcm
MNl) oo i e ana B A Oy e e e A S T e sriravenes 1.4
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Table 2-6 Composition of Activated Bauxite
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| Table 2-7. Basic Types of Union Carbide Corp. Linde Molecular Siaves
Nominal Bulk density I Molecules r [
| pore diameter of pellets H:0 capacity adsorbed Molacules Typical
!iidtype angstroms b/cu ft [ (%/w)® (typical)t excluded applications
T 3 47 = 2 H:0O, NHs Ethane and larger | Dehydration of un-
iy saturated hydro-
o carhons
A 4. 45. 22 HiS, COn, Propane and Static desiccant
| e : - S0s, CiHa, larger ——|in refrigeration
CiHs, CiH: : __|systems, elc.
E Drying saturated
e hydrocarhuns
' 54'.\ 5 43 21.5 n-CsHs OH, -Iso compounds, Scpamlcls n-puru_l'ﬁﬁs
e ; 4 carbon rings | from branched and
and larger cyclic
10X B * .36 % [soparafTins Di-n-butylamine | Aromatic hydro-
] #L ; ] and olefins and larger carbon separalions
L 10 R 25 - Di-n-propyl- (CsFspN and Coadsorption ofoo
: : . g < amine larger Ih'\ und COs
Clounds HaO/ 100 Ths activated adsorhent at 17.5 mm Hg partial pressurc and 25°C, adsorhent in pellet form.
| Hach type ulmrhx listed compounds plus those of all preceding types.
& 4
Table 2-8 Important Physical Properties of . Typical ‘Desiccant
- Materials : ' r
Type of desiccant = R
(typical commercial products) '
1. Sllica 2. Sllica- 3. Activated | 4. Alumina- | 5. Activated | 6. Molecular
Physical properties gel (2) base beads (3}| alumina (4) | gel balis (4} | bauxite(5) siava (8)
Y (Davison {Maobil (Alcoa grade)|{Alcoa grade {Florite) (Lindo 4A & |
03) Sorbead R) F-1) H-157 5A)
Trse specific gravity 2.1-2.2 = .33 3133 340 o
-~ fulk density, th/cu 1 (4-8 mesh) 3K-45 49 v 52-55 51-53 50-52 " 4045
| Apparent specilic gravity 1.2 — 1.6 e 1.6-2.0 1.1
. Average porosity, % 50-65 - 51 63 35 :
- Specific heat, Buu /(Ih)(°17) - 0.22 i 0.25 0.24 - 0.24 0.2
- Thermal conduclivily, 1L.OC100°F) 1.09(360°F;
< iy )1 i) 1.0 == 1.45(200°19) ol 4-8mesh)
~ Waler content (repencrated )% 4.5-7 —_ 6.5 6.0 4-6 virics
. Retivation temperature, °F 250-450 300-450 350-600 350-850+ 350+ J00-600
- Particle shape granular spheroidal granular spheroidal granular cylindrical
: ’ ' pellets
o Surface area, sy meter/p — 650 210 340 el =
Mg sarplion al 60% R, % 35 BRI 14-16 22-25 10 22

L/-f =

El
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01TINUALTEMY Packing factor

AN 6 b Hee) L b/ e
Z.F'h'll'ls‘:i L/ﬁr (F(:/ﬁ_ )%5
e & L2 | : &
3 310017179 Lana c—:»FSf'/f‘J&ﬂ_‘?a
o ot N ;
L Eﬁﬂ?iﬂ"& GF S,'/b‘z_/‘z,f’l_ 9. o tinaunn f’och-v-q_ ‘l'oa'_"o':
i ] L] ]

5,307 (28 1119 AUIINT packing foctor T_ﬂuumum KN

- -?:‘lﬂvr:q packing  factor

; nan1 AU : _

i . : 2 2.5 . .
T L ¢ b/ Haee) Mo Cfofp) AthCmito/ 1) 5?51’/*;7(%{;_%)
1 0,3519 0,08788 BT 50,048 L

2 0 4272 0.10679 048 . 0,047

3 0;4306 | 0;10754_ _0;485 i 0048

R y o.i272. . o0.10669 " | o8y i 0,047 -

| N e L '9:10342 T R 0,047
6. e, L OSHIBE  0.1085 _ 0;47 "rfo:ous

| 7 0 14640 0,11588 0.475 0,046
8 0,538 013436 0.8 ' 0.ouy

| 9 0, 6565 016596 0,497 0,014

g = ‘ e : X -

%. £ o 0 BuT1SE 0,2100 0,557 0,084

% 0 1,0766 0 32688 0 . 58 0 :043

?- 12235 033055 0:583 0,039

|

Ev 24007 Tﬁﬂgjpﬁ-‘f-; packing  fastor

| |

Er s 0,04525 % 62,5 x0,07% 32,2

01342 1 x 1‘45;:.1

= 329,58
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3 3.213. .. 0.485 E
A e ey 0.48
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6 e 122 % B :0.47
7 ‘3-453 0.475
8 4.014 0.48
- 9 5 4.899 ' 0.497
| 10 e & s 0.557"
| A%l 8.032 £} - Oss8
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|
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 QEgratig5 pressure drop

From design equation

hw = 0.75 inch
— i
b, = 0.456
L T e "
= AP —
pressure drop per tray A nt hw + how

we will compare pressure dro

p from the test run _.with the one from

 calculation 3

gagm }5: raﬁe pressure drop per trgy ( mm nao )

test run : . design

30 335 AN e - S0k

Lo 33 -31.18

50 34 _ | 3149

60 34 1 " 3187
gaiTr 34 ' Pt -t -

éo 34 32.84

design condition
liquid flow rate

gas flow rate

test run condition

liquid flowrate

5 1,600 ' 1b/hr
= Lo ms/hr

= 1,675 - 1b/hr
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. LI | P v d ) J " v
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LY P g v 1 ] " ! X < v
16001b/hr (nauu TN LUA liquid crestoverweir unjmnﬁum’lu pressure
x - - - * a . " . ¥ -"
drop HINQU Waz lunAT run 3799l liguid gradleﬂﬁwwﬂu pressure dropuingu
4 - : = ' . S
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3 AT L v .. _ z =3 ok
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Dehydrator column DATA

inlet flow rate = 80 m3/hr. at 89 F

from psychrometrlc chart ,.humidity.raio

= 0,031 1b.water/1b dry alrl

‘68

@.F distance’ from siliba gel-§urfaca (cm.j outlet | outlet 'Eumidi£? ;?
e ‘ et-bulb | dry-bull aeio0 |
m\ |inlet | 15 - 30 45 | 60 | 75 |outlet tf.::p. -_“ﬁg:p. 31.:-4:;;;:-_ ’-.
\ | 86 | su.2| 83.5|83.3 | 84.2|8k.2 |8h.2| 82.6 | 85 | o.02u
b | 86.9.) 184. 1 82 o4 | 824 | 83,3 | 83.3. | 82.4 | 73.h | 109.4 0’.00_8'5
E 89.6‘ 181.4 200.0 118.4 8u.2 | 84,2 | 8. z’- -._?3-,'.3'_{ o] 1te2 0.011
L] 89.6 | 165.2 199._.,4".‘ 199.4 | 163.4 86 -' 8#:_.;:' 75.2 114 8 _'b.___oogs'
87.8 | 154.4 152,2: 199.4 | 167.0| 167.0° 107.6 7 | 118, 4 d;0092
| 89.6 [ 149.9186.8 | 199.4 168.8(169.7 | 158 _ R o;m
| 0. ‘r:f '1#1 817926 | 195. 8 1?2-‘* 17‘*_-2 ;70-5 37'3 122 ol ;‘?’sh:..f.f
.i:'g~1.lr ‘132. 81166.1 [185.0 | 170.6 175.1 1'22..4 '8_7_-.?_8_”' _ “ 125.6 0.02
91.k 126.5 156.’_'"2_‘ 174.2 | 164.3[ 172, | 172.4] “on.6 ; 122.9 | 0.025
89.6 |122.0[149  {168.8 | 159.8(168.8 | 170.6] 91.5 | 128.3 | 0.024
89.6 |118.% -1451_47 163.4 | 156.2[165.2 | 169.7] 93.2 " -___.;‘_;!2'2.9 | 0.026
80.6 |11%.8 140 : 158 1 151.2}161.6 [ 167 | o5 :'1‘23._8“_30.0285
82.4 |107.6 ;|34..6' 152.6 | 122.9]158 | 165.9 96 .125".'6 - 0.031
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TIME P.l
21.3%8 39
21.40 93
21.45
22.13 =31
22.15 72
22.18 78

-
S22 1220
22.26 142

! 2230 1372

22,33 166
22.35 146
20,38 1463

22.40 1359
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|  23.04 180
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st run cata for final vurification

_ liquid height start at (L) 77 cm.

Gas flow rate Liquid Heighi-. h h/L

(wP/hr) (cm) (em) |
0 s el 0

10 78 .1 : Yol a oo= 000Vh
20 79 2 7 0.026
30 ' - 80 3 0.039
40 by ) 0.052
50 ‘ 82.1 . S5e1 0.066

- 60 83 - 6 0.078
70 e 85.9 6.9 0.090
80 85 ? 0,10k
ﬁzﬂuanﬁsunﬂﬁa _

TN THnaae 2L At damunam g T e wﬁqﬂlﬂﬂﬁﬂdﬂﬁ”ﬂﬂﬂﬂg1HUﬂ ln
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X 4
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-: 2 b, : - o vy 75
'Iarget ;: ‘Produc:ion liquid hydrocarbon l.th B S o =
Assumption P

:;_;-j a . 1) ?roductiqﬁ base on Table Aél;ih : '

4] : 2) Fe-catalyst in used R £ f'_ ﬁ il _ R
3) CO:H2 ratio in the residual 1:0.74 ” .

. : 4)'Conversion of CO 83 7 : l'f

.”5) All product are in liluid phase wi:h P = 0. 9 g/ce
6) Compositiou of synthesis gas (% by volume) Coz-l .83
. C0-45.0; Hz -45.0; Cli 4 33 Nz -3. 9
7) Conversion in 5351fier 100 A

'8) 02 is used 4n gasifief

9) Wood combose of qarboé 3358 ;;'fff-f ,"f'

2 4 . 5
Table A-1.1 5
s ., e 2
< : ¥
TAMEA-LE . i T o o s
Fracrional composition of a--rihnh producus ' Al a )
. Yield, u% ,
A - Designstion P =
RGh v e g e i A i e a | aso.
CI tessseassenaneens tawe .54
Fropase~butune (MACLION . v v v s es 23.70
Gamlise (inltizal bop. -1BUT)oeeus | 28.00
01l {130-320°C) e cvncnsanean . 11.8%
Pacalfln gatch (320-450°C) ..u'va 108 i ” o EH
: Salld parsffln { > 450°C) o usann 9.32 . e
Aleohols ouaseavanseanne . .08 -
! Total ..... | looo
) o
%




" Calculation

. Amount of ideal gas Q (% of initial gas) :

Q{d.saé = Coin(l + ,Eg_consuﬁed)z
i TACE .

Introducting the numerical values for CO, and Eg_consumed
< €0 -

Q. gas = 45(1 + 0.74) = 78.3% T,

-

v-Diétribution of the different elements‘(C,H,and 0) in the
synthesis product may be calculated Table A-1.2 1f the fractional
composition, molecular weight, and anélysi; of fractions afe knowmn.
‘Thus, all the proﬁucts have the following average Eompositio; 2
carbon 82.05% , hyﬁrogen 16.18% and oxygen 1.77%. For purposes of
simplification, the oxygen content will be uﬁiﬁted in chghfollowing
calculations: in this case the most simple hydfocarbon formula will
s ¥ T

Table A-1.2

¥
TABLE A~| 2 3
Distribution of C, H, sad O (= the rysthedts producta
{ " _i :'.5 . a
Fractiomal composition ¥ 3 o E; u ,z ¥ 'E % 1
of ryothesls praducts, % Y X 2 -5 = tal|lt% s E
%3 g § s R B
< g o d F2 | &9 || &%
ol T, o - CH, 160 637 | 2,13 -
Ca— 284 coenciivene - CHg | 3w 2.0 os1 | -
Cy=1185 s..encaanns 40 CiHy s 415 9.858 " | 1.97 -
Cq=1185 ..ionvnanes 40 C4Ho 2 572 9.9 | Lo -
Casolloe—-28.00 ,..,... 40 CT..'DH“.‘ 106.4 23.568 4,32 -
Ol=ILHS ouevnvanens 20 [CyuHyo 7 | 1977 1007 1w | ~
Paralfla gatch-1.00 .,,. | — (CHye | (e | 943 |17 | -
olid paraifin=932,...,. - {CHz P (14)e 799 | 1.3 -
Alcabol =509, .0 v0a.s " - CyHgO 450 "84 | 088 .7
Total 100.00 - - - 8208 [l4.18 ;?T

® Taken srbitrarily,

ST



“._Eqﬁation of synthesis reaction

" “The formation of hydrocarbons may be represented by the equation : - - . %

o

co + 2.%85.H2 CH2=3? HZO 2 v, . .' Fl)

Part of the water (l—m) formed during syn:hesis causes canversion

of carbon nonoxide according to the equation

(l-m) co + s;-m) HZO a_(1-115.) COZ+ Fl-m)ﬂz ~(2)
The general form of these-equaciﬁné iﬁ
3 18 "
(2 m) co + ( 1 5 +-m) HZ ‘ (H 5, 37+ mHzﬂ 4 .
(1-—m)c02 R E

-

" The épefficienq m may be calculated from:tﬁgké;ualiny- e *?:
2-m = 1:0.74 opor :ﬁ_'h 0.169

'

17185+ m . S g

 where 1:0.74 is the CO : H2 ratio ia the residue gaa+"

'The value of m is substituted in eéuatién(B)_End then the final of .

the equation is

o
® ) - Eu, A

0 +0.74 H, p 0-546 CH, 5, +0.0922 Ky0 + 0.45400, (4) "

Mole of reactant = -1.74 (CO + Hz)

Total-yield of.CH2 hydrocarbon (100% cnnversion)-'

= 1000 x 0. 546(124-2 37).
1. 74 x 22.4 -~
1
= 201.3 g/m (0f Q)



For 807% conversion of CO, Qid = 78.3%

(H,yleld) = 201.3 % 83 x 78.3 = 130.823 aln

100 x 100

Product hydrocarboa = 0.9 x 1=0.9 kg/h

feed éas

‘Table A-1.3

= 900
" 130.82%

TABLE A-13

Yields of syothess products

feed gas composition

co

co.

H

2

. CH

N

7 -

2

A

Designation Yields, in kg .
et I,ullm]
cl LR R R R I L ] - ------- 111
Cq wonalheaidion peaiines o hmiass 1.3
Cy B T T T s 15.0
Cy evvssns aesssavsssainavan P 156
Cawnine up 1o 180°C , .o vcnnvnnn= . 18,7
i (180-320°C}) Ressssesssnenmn 15.5
Paralfln gatch (320-450C) T R
Salid paralfin {initlal b, po 450%) ..... 12.2
“ Mcohols L ...cuneess iFfesensien 6.6
Totsl vavens . 131.u
45% = 6.88 x 0.45 =  3.096
1.8% - 6.88 x 0.018 =  0.124°
45%° = '6.88 x 0.45 =  3.096
4.3% - 6.88 x 0.043 =  0.296
3.9% .= 6.88 x 0.039 = 0.268
Total - . 6.88

= 6.88 m3 (for 1 1 of :CHZ)

malh.

L1

78
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As a result .of synthesis of 6.88 m3 of initial(feed)_gés we obtain

Vg, = 3-096 x 0.83 x 0.454 -~= -1.167 ~ a i
e
Vey = 1l.1 x 3.096 x 0.83 =.0.029 w/h
4 - 1000 : 3
Veg - = 3.096 x (1-0.83) = 0.526 m”/h
Vg, = 3.096 (1-0.83 x 0.74) = 1.194 m'/h ;
Gasifier Equation : 3
c+0, b co,
" Co+C | .2C0 - 1
€O + H,0 | G0, H, . )
2€ + 0, + H,0 ,CO + H, +CO,
Gas from gasifier 3
“C0 " - = 3.096 n”/h :
B, o 5 3.096 e 1 :
co, o= , 3.096 m3/h s S .‘_}j
CH, = " 0.296 ; n3/h
\ : 3 L :
N, = " 0.268 m/h 5
. Total _ 9.852 n/h ' E o

Mole of Carbon in gas from gasifier

3096 + 3096 + 296
22.4 22.4  22.4

=  289.64 g-mol/h

carbon used | 289.64 x-12 = 3.476 kg/h_

wood is used = 10.53° kg/h

Oi uged = 3.096 malh

= 4.42 kg/h

L]
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Table A-1.4 ; Represented Tlow of Raw Gas (m3/'h)

Ll

Casifier . Synthesis
: S 3 3 3
input(m /h)oucpu:(m /h) input(m /h)output:(m /h)

Wood  10.53 kg/h - A 3
Liquid HC - = - 14m
co & 3.096 * . . 3.09  0.526 y ‘
e = 13.096 3.096 1.194
0,  3.09% 7 s T
cH, = 0.296 . 0.296 0.325
e, - 0268 F 5 £ 0.268 ~  0.268 o
3 N &
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- Absorber Design

 The gas compressor useq in the process has volume flow rate
of m3 per hom. The Design of absorber will base onthe gas flow rate -~ o

passing the compressor.

Nasis on synthesis.gaées passing compressor : 30 mafhr‘_r

From material balaance the syathesis gases composition .from gasifier is

| Cco : Hz : 002 = LUy 1400

Total gas flow rate from gassifier 30°x 3 = 45 m3/hr_
i

The componeats. flow rate

| ﬁSth' moléfhr Pl 1b/hr 2 ‘ lbmole/hrr;i?ik
co 715 " i egodean ik I HLL s U476
H, 15 669.663 & .o 2,952 3 1.476
o _602 15 _669.643 - T e W 1
' _ 2008.93 - 09,22 . s LT
Find CO removeﬁ in.the absorber . - L 3

2
CUZ is allowed only 2 peréents'in the gases feed to reactor.

Thus the gases feeded to the reactor ) .

= 669.643 x 2 = 1366.62 moles/hr
0.98

C0, must be removed = 2008.93-1366.62 = 642.31 moles/hr

Fiand MEA solution rate

Lean MEA solution coatains 0.14 moles" COzfmole MEA (20)
Rich solurion concentration approximate from equilibrium.

curve of 2.5N at 140°F(Fig.A-3-1) Q.56 mole CO,/mole MEA

£l
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1f thé s@lution is Sﬁz-apprachiﬁglto equilibrium, the solution
will coancentrate 0.45 mole CUzlmole MEA .
‘Solutioﬁ will concentrate‘? 0.31 mole Cﬂzfmole MEA :
Require ﬂEA = 642.31 = 20?1.97 ‘mole ﬂEA/hrwﬁ

0,31
(MEA. M.W. = 61.09)

= 2071.97 x 61.09 = 126,576.65 gm/hr

Using 0.18% MEA solucion =
Require solution = 126,576.65 = 703202.83 gm/ht
0.18 o -

= 703202.83 x 2.204 = 1549.86 1b/hr

1000

Choose solution flow rate = 1600 1b/hr

| Find Cclumn_Diamezér
& T ia N el et
= Y 109,22 1b/hr

0 b/ CULEE i i *

= '0.0687 1b/cu.ft ' 4

L
G
AL
. e
F = 300 ' -
/ﬂ.
y:

= 0.9
= 1
, | "
L.EE) = 0.496
A

From Fig. A-3-3

az ] %
GERYM = 0.0
- PeF8e '
o G

0.134 1b/s

-

2
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Table A-3-{ Values pf F'tor Different Packings

Packing .

s

F

Baasic for calculation of F

5- 1o 6-mm gluss rings

%-in. ceramic rings

¥%- by 2-in. polycthylene
Tellerettes

1-in. steel rings

I-1n. ceramic saddles

1¥s- and 2-in. ttfin:l.il:
rings

7.1 21077

30x 107

Jox 10

-

2110
0.4-G.6 » 10

Shneerson and Leibush (52) data, 1-in.
column, atmospheric pressure

Unpublished data for 4-in. column,
almospheric pressure (19) s

Teller and F:ord (51) data, 8-in. column.
atmospheric pressure

Gregory and Scharmann (47) and unpub-

lished data for two commercial plants 9.

pressures 30 to 300 psig

94,



g5

Choosing diameter | oy 8 inches

' :
From G Co= 0.0303 1b/s

Obtain G~ =  0.0869 1b/s
Which is equal to 64.867 of 0.134 1b/§ as calculated. The eight inches

diameter is satisfy,

 Height of the columa.

: i _ -
h = Gm . dy : N

KpP y2 Y~Ye

= Hog .NoG

%sa' g FkiEJf/3 (145.7(c~coneD- 006 71=3.4p o i(zo)A
M
F - 2.5 x 1073 Table a~s-1 (20) ;
L T = o as83.66. 1b/hr.fc?
o 12.658 1bmole/hr. Fr2
T TR g :
M -, M_;_ i : 33 : =
. = 0.4 _ mole CO,/mole MEA :
= 0,41 o :
c, . 04 "
g, = 0.56 tem o ?
| (Ce;C) ln.mean-averagé = (0,178
p ln:mean average = 0.11
Kga = 4.835 ' by
Jn 12.685  =' 2.6236 ft. ;
4.835 x 1 : o ' 4
Noe = 2.925 f; (%rom graphical integration) (Fig.A-3-)
B = 2.6296 x 2.925 = 7.6735 . ft

= 2.34 Sm,

nﬁg‘Choosing gsafery factor 1.5 . h.:= 3.5 m,
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_ TableA-3-2 Values of the Packing Factor, F, for Packed Column Flooding Correiation®

Type packing

Nominal packing sizs (in.)

Material | % % Y4 % Ya 1 "% 1% 2 3 - 3%
i = L]
Super [ntaloy Ceramic — — - — —_ 60 - -— 30 —
Tntalox sadelles Ceramic ~ ) . 725 o 200 — 145 98 -_— 52 40 - 22 —
Intatos sadedles Plastic — — - — - L) - o 21 16 —_
Raschig rings Cerumic 1.600 1000 58O 380 . 258 155 125 95 : 65 31 —
{wall thickness, in.) (V) (%) (7 - (M) (i {'%) (Y1s) (Y1) (%) . (%) —_
Herk scihilles Ceramie K — 0 — 170 10 6hS 45 . Y
all ringes Mastic —_ — — 97 - 52 - .32 25 - 16
all rings Metal — — e 70. — 48 - 28 20 -_— -
Raschig rings. Y-in. wall Metal 700 390 Joo . 170 155 115 — _ — —_ —_
Rawhig rings, Ya-in. wall . Metal -— — 410 " 290 220 137 o B3 57 2 _
Tellerettes Plastic ; 45
M;n[\all.' Mastic
Ny llllll"ﬂ'.ll s .'
No nonimal size A ;
HIN-200) 3 :
AR EN-2) ! . - 5
*ata of ['t.kul (A7), Values given are fur wet and dump packed puckmp in 16- k.
and Mg, 11D towers, Some values are extrapolated. S
7 R s b
B ' TableA-3-3 Physical Properties of Ethanolaminep - .
2
Property MEA® DEA* _ TEA* MDEA® | DIPA® DGA*""
‘Mal. weight 61.09 105.14 14919 119.17 133.19 105.14
Specific gravity, 20/20°C 1.0179 1.0919 30/20°C 1.1258 1.0418 0.9890 45/20 1.0550
Bonling puint, "¢ )
760 mmiig 171 decomp. 360 247.2 248.7 21
SOmmiig 100 187 244 164 - 167 L
10 mmilg _ &Y 150 204 128 133 —
Yaupar pressure, mmiig . [
at 20°C 036 0.01 - 0.01 0.01 0.01 0.01
Freesing point, °C 10.5 ° 28.0° 21.2 -21.0 42 ~-9.5
Soluhility in walter, .
% by weight at 20°C Compleie 96.4 Complete | Complete 87 Complete
Ahsolule viscosity, . t
cpsat 20°C 24.1 IR(I0°C) 1,013 101 198(45°C) 26{24°C)"
Heat of vaporization, &
Blu/hat 1 atm 355 288(23 mm) 230 223 184.5 219.1
(168.5°C) . )
Approximate cost, $/1b 0.14 0143 u.17 1.00 0.26 0.28 £

*Pata of Union Carbide Chemicals Company

**ata of Jelferson Chemical Compuny, Inc.
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concentration of CU2 in solution, moles/moles MEA

'equilibr;um concentration of COZ in solution, moles?

moles MEA

Packing Factor - Table A-3-1 ' u_iﬁrw;

Packing Factor - Table A-3-2
Gas race, 1b/s or 1b/s.sq.fr. or 1lb/hr.sq.ft.
Gravitational constant ='32,2 "

superficial molar mass velocity of gas stf&am,

lbmoles/hr.sq. ft.

*Height of transfer unic,fc.

height of packed zone,ft.
overall gas film coefficieat, lbmoles.hr.cuft.atm. .
liquid rate, lb/sec:orllb/sec,al.fc or lb/hr.sq.f:,'t

superficiél molar mass velocity of liquid scfeam;

 Ibmoles/hr.sq.ft.

amine concentration of solution (molarity) - ; Iif;

number of overall transfer units

parctial preasure, atm. r
: _

Temperature, F

mole fraction s&luce in gas fed to bottom of column

mole fraction solute in gas leaving top of column

liquid density , 1lb/cu.fr.

gas density. , 1lb/cu.ft

viscosity of liquid, ep.

Racio, density of water/deasity of liquid



93

T R e LR B e T e e R
L& 0 0 |0 o| o 0 | 0| 0 {.002 |.005.0325.
1 50{33.33 | 25 20\12.5 | 10 |8.33(7.14 | 6.33]5.133,74
Yer

0.02 0.1 i 0.2 5 o008 0.333 -



-




101

Tueory

e —

In order to analyze or design a distillation column
it is necessary to make use of the following methods.,
?irst for design purposes McCabe-Thiele, Ponchon-Savarit,
. and/ or Fenske methods may be used. Secondly to angi&ze
an already existing column's performance the Overall

Column or the Murphree Efficiency should be used.

The McCabe-Thiele method makes use of an X;Y diagréﬁ.
An X-Y diagram is a plot of the vapor-liquid equillib-
rium (see Fig #hjialn ofder to make use of this diagram
it is necessaﬁy to create "operating lines.” These lines
are graphical material balances. Therefore oncé these
operating lineé‘are'developed it is possible to gfaphically
determine compositions at any point in the column.

The operating lines are defined by overall and cdmp-

onent material balances around a section of the column.

' Total Material Balance:
Lo & Vh-rl = L.+ V, (l)

Component Balance:

L_o Xo® Vel Ynal = e X b V,j / (2)

Then solving Eq. 2 for Ve *

S : \/t X
3h+i - '-V—._}l._ Xh + ji L X-O (3)



.-.-—-"""—".
Stripping sections the subscripts on L and V in Eq. 3 can

Since L and .V are constant in the Rectifying and

be eliminated.-Therefore : TS

Vgl . LIG (;_”

'th+! - %?“lﬁ_ %_ \!__

" This is the equation of a straight line. The slope is
L/V and the intercept is (Vy, - Lx,)/V.

In order to make using this equation more practical
the slope of the line can bevreiated to the reflux ratio
which is more commonly known. The reflux ratio (R) is
defined as the ratio of condensate returning to the column

to the ra;e.of'distillate.
S e ()

By making use of a material balance around the con-
denser the reflux ratio can be introduced into the expres-

sion for the slope (see Fig. #5).

Material Balance around Condenser:

V= L+D (6)

Substituting L and D in for V the slope now becomes

L /(t+p) | (7)

10z



Dividing by D,

L/o 4
LD 4 ) is , =

Therefore the slope equals

i R i : & I 7

R+

By making use of a similar process in the stfipping
séction-the slppe of the operating line can be found by
using the boil-up ratio (R). The boilup raio is defined
as the_flow rafe.of'vapormgoing back up thelcolumn to the
bottoms flow rate. The slope of the line will now be i/v.

Boil;uﬁ Ratios

]i = (10)

»|<|

‘Phen from the material balance around the reboiler
L = B#-Vh L“)

" The slope is equal to

oo
e
<\

—

£
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Next by dividing by B the slope becomes

“_’E' 2 [+R ) =
% k- >

Once the slopes are obtained,and the product com-
_positions are known the operating lines can be plotted
5?1(see Pig, #6). At the point where these two lines inter-
" "sect defines an end point of a line which extends to the
liquid composition of the feed plotted on the diagonal.

This line is known as the "i" or "q" line,

In order to determine the i-line from other than the

intersection point and feed it is necessary to perform
material balances at the point of intersection.,
At the point of intersection all compositions are

equal, The material balances in the two sections become

Ve = Lege +D% +Vey (i
Vju;x =Lxut — Bl t Vou Yy, (s)
Subtracting Eq. 14 from Eq. 15 gives

@-V)_'juu o { Tosl) Y -}13 - DXp Vo Ysyr ~Vey, (1)

Since for distillation ggfo and V.= 0, simplifying Eq. 16,

and combining with

F- B+D .(lﬂ

104
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The equation becomes
(L-L) i ~E g =bv-vly < —(u)

From_net_f}own_“

Substituting Eq. 19 and Eq. 20 into Eq. 18

TR .
"'““Xu\i 7 [ ] Bk =i 222
Setting 1 equal to (E-L)/F, rearranging the equation becoﬁes

s S
4 uw 5 Ep (22]

"This is also the equation of a straight line. The
élope of which is 1/(i-1). This now means if.the_value of
1 can be obtained the i-line can be drawn. _

A more practical definition is the ratio of the heat
required to convert one mole of feed to a saturated vapor
to the latent heat of vaporiza%ion of one mole of feed.
In the case of vapor-liquid feed i is e@ual to the frac-

tion of liquid in the feed. i can range from negative to



_This_is shown in Fig. #7.

positive values.

Once the operating and i-lines have been determined

the number of theoretical stages can be obtained bystep-

ping off from the operating line to the equilibrium curve.

A purely theoretical phenomena in distillation is
infinite réflux. This means that all the vapor going up
the column is condensed and sent back.down into the column,
Its significaﬁce i thatfit gives the absolute minimum
number of stages required to acheiwve a certain separa-
tion. |

It can be seen by use of the McCabe-Thiele diagram

that the number of stages is greatly reduced in the case

of infinite reflux. The method is the same except that

the operating lines are now on the diagoﬁal. This is due
to the fact that the slope (L/V) is equal to one since
all the vapor returns as a liquid.(see Fig. #8).

The second method for calculating theoretical plates
is the Ponchon-Savarit. This method makes use of an
enthalpy-concentration diagram (see Fig., #9). In this

case a net flow of enthalpy must be defined.

Ahy =Llohy - VK, (23)
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This equation is for the rectifying section and a sim-

ilar equation can be written for the stripping section. .

A is the net flow of mass in this case -D. h, is th&
net flow of energy ﬁer unit of’total mass flow. Next an

energy balance around the condenser gives . =

V,H, = Lohg + Dhy +(-a,) (24)

Defining Qmas-qc/b yields
Vl“[ =Lloho t D(h;*-Qu) ' es)
Combining Eg. 25-with Eq. 23 and solving for h, gives
‘h = 'D(.hn 'Qm) _ :
& A = hp - Qep (2¢)

The x-coordinate of the delta point can be obtained

from the following material balance

D X = UoXe "N 5 =Dl

XA = Ao (27)
A similar method will show that for the stripping

“'section

l'l}i :L‘B = GSB

LD
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Once again it would be easier if the delta points
could be abtained from the reflﬁx ratio. By performing

a simultaneous heat and material balance this can_Eé achieved,

Lo+ D=y, sl
ek DL SRR v, @s)

Rearranging and solving for 1L/D

L. ha = H
v B i ! . ' 30)
o TheE Y (

This now means by knowing the enthalpy of the vapor
(H,), the enthalpy of the liquid (hp), and the reflux
ratio thelvalue of h§ may be obtained. This method may
also be used wifh the boil-up ratio. Another point about.
”the delta points is that the feed point and the two delta
points must lie on the same line., This means having any
two defines the third (see Fig #10).
_ Once these points have been determined a similar
fto McCabe-Thiele stepping process ié used, This process
is demonsrated in Fig # 11. This process makes use of tie
lines., These tie lines represent vapor compositions in
F:equillibrium with the liquid compositions,
Ponchon-Savarit method may also be used for infinite

reflux, But as can be seen from Eq. 30 if the reflux
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ratio is infinite than hAis infinite, This means the lines
up to the delta point are vertical, Since all vertical parallel

lines meet at infinity.( see Fig.#12). i

Another phenomena that takes place in distillation is
a pinch. A plnch is deflned as a zone of constant composi-
_éion.“égis means that a number of consecutlve-trays con;n_hdm____vw_—
tain the same composition (see Fig. # 13). This problem
| can be solved by changing the reflux ratio. This would
change the slope of the operating line and open up the dia-
gram. _ ‘

Thé third method of determing the number of theoret-
_ical‘plates is the Fenske equation. This is a much simpler
method so ong as the equilibrium data is available for the
system.

: [ Xo  1-Xg ] /
Npt] = 2L % § @)
$og o gug

o« is the relative volatility of the component.daﬁis a
i geometric not arithmetic mean,

Now thatlmethods of determining theoretical plates
have been discussed the evaluation of column efficiency
must be looked at. One method of looking at efficiency is
fhe overall column efficiency. This is defined as the

”ratlo of the number of theoretical plates to the actual

number of plates., This gives you an overall efficiency.



o

A more detailed look at the efficiency of a column is the
Murphree Plate Efficiency,

This is the analysis of each individual stage.-The

equations are

ing ,d_,_k.-__g;_.:.. %:__9_2:_\_ a0 ey

e T Wi
'jh* = Ynat (3 )
.-_._ K-y 21%n '
Lt Gs)

5,,* ,Xh* are the theorchal Compositions .
By making use of either theoretical and actual vapor or

liquid concentrations the stage efficiency may be deterhined.
This efficiency may also be used in determining a

psuedo-equillibrium curve., By using an average stage

efficieﬂc§ problems due to very poor stage efficiencies

can be resolved. For example crossing tie lines may be

corrected.
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Design calcularion of scripper

Find column diameter | - -
_’E(ﬁg Do 0.497
L = 1600 1b/hr
v = 11‘3..5:52__ R | S
Pt = 0.0743 1b/cu. ft : ' ;
i e 60 . 1b/cu.fr '
6 S =73 -
Qe 0.42348 cu.fc./s

From Fig. A-~4-1 . ?

A 0.105 _for 9 iaches “tray spacing
__= 0.2 : i ' r
Yo (i_) .(30)
20 ; A
= ' 3.863 : g
For 70%Z floodiag _ ; :
Ay = Qv n 01566 L i’
Uyn(0.7) g
For 10% area of donoancomer each side
A - Av - = 0.1957
0.8
D = A x4 - - ‘
! 1 = 0.499 fr = 5.99 inches

-

Select a diameter of 6 iaches.
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FIGUREA-4-1 Flooding limits for bubblc—cap and  perforated plates.
(From Fair, Petro.[Chem. Eng. (September, 1961), p. 45, Fair and Matthews,
Petrol. Refiner (April, 1958), p- 153} - :
TARLE A~4-1 :
H|D from 0.} 1o 0.2 d
HID | LID | AolAs | HID | LID | Avldr | HID | LID | Asldr | HID | LID | Anldr | HID- | LID, | Aol
0.1000 | 0.6000 | 0.0520 0.1200 | 0.6499 | 0.0630 s 1400 | 0.6940 | 0.0851 0.1600 | 0.7332 | 0.1033 0.1800 | 0.7684 | 0.12
0.1005 | 0.601) | 0.0524 0.1205 | 0.6511 | 00634 0.1405 | 0.6950 | 0.0855 0.1605 | 0.7341 | 0.1037 0.1805 | 0.7692 | 0.12
0.i1010 | 0.6027 | 0.0522 0.1Z10 | 0.6523 | 0.0688 0.1410 | 0.6960 | 0.0850 0.1610 | 0,7351 | 0.1042 0.1810 | 0.7700 | 0.12
0.1015 | 0.6040 | 0.0332 21215 | 0.6534 | 0.0692 0.1415 | 0.6971 | 0.0864 0.1615 | 0.7360 | 0.1047 0.1815. | 0.7709 | 0.12
0.1020 | 0.605) | 0.0536 0.1220 | 0.6546 | 0.0696 0.1420 | 0.6981 | 0.0869 0.1620 | 0.7869 | 0.1051 0.1320 | 0.7717 | D12
. 0.1025 | 0.6066 | 0.0340 0.1213 | 0.6537 | 0.0701 0.1425 | 0.699) | 0.0873 .| 0.1623 | 0.7378 | 0.1056 0.1825 | 0.7725 | 0.12
0.10)0 | 0.6079 | 0.0544 0.1230 | 0.6569 | 0.0703 0.1430 | 0.7001 | 0.0878 0.1630 | 0.7387 | 0.1061 0.1830 | 07733 | 0.12
0.1015 | 0.6092 | 0.0547 9.1235 | 0.6380 | 0.0709 0.1435 | 0.7012 | 0.0882 0.1635 | 0,7396 | 0.1066 .0.1835 | 0.7742 | 0.12
0.1040 | 0.5103 | 0.0551 0.1240 | 0.6592 | 0.0713 0.1440 | 0.7022 | 0.0886 0.1640 | 0.7406 | 0.1070 0.1840 | 0.7750 | 0.12
0.1045 | 0.6118 | 0.0555 0.1245 | 0.6603 | 00717 0.1445 | 0.7032 | 0.0891 0.1645 | 0.7415 | 0.1075 0.1345 | 0.7738 | 0.12
0.1050 | 0.6131 | 0.0559 0.1250" | 0.6614 | 0.0721 0.1450 | 0.7042 | 0.0895 | ©0.1630 | 0.7424 | 0.1080 | 0.1850 | 0.7766 | 0.1
0.1055 | 0.6144 | 0.0563 0.1255 | 0.6626 | 0.0726 0.1455 | 0.7032 | 0.0500 0.1655 | 0.743] | 0.1084 0.1855 | 0,7774 | Q.1
0.1060 | 0.6157 | 0.0567 0.1260 | 0.6617 | 0.0730 0.1460 | 0.7062 | 0.0904 0.1660 | 0.7442 | 0.1089 0.1860 | 0,7782 | 0.)
0.1065 | 0.6170 | 0.0571 0.1265 | 0.6643 | 0.0734 0.1465 | 0.7072 | 0.0909 . 0.1665 | 0.7451 | 0.1094 0.1863 | 0.7790 | 0.1
0.1070 | 0.6182 | 0.0375 0.1270 | 0.6659 | 0.0738 0.1470 | 0.7082 | 0.091} 0.1670 | 0.7460 | 0.1099 0.1870 | 0.7798 | 0.1
0.1073 | 0.6195 | 0.0579 0.1275 | 0.6671 | 0.0743 0.1475 | 0.7092 | 0.0918 0.1675 | 0.7468 | 0.1103 0.1875 | 0.7806 | 0.1
0.1080 | 0.6208 | 0.0533 0.1280 | 0.6682 | 0.0747 0.1480 | 0.7102 | 0.0922 0.1680 | 0.7477 | 0.1108 0.1880 | 0.7814 | 0.1
0.108% | 0.6220 | 0.0587 0.1285 | 0.6693 | 0.0751 0.1485 | 0.7112 | 0.0927 0.1685 | 0.7486 | 0.1113 0.1835 | 0.7822 | 0.1
0.i090 | 0.623] | 0.059! 0.1290 | 0.64704 | 0.0755 | 0.1490 | 0.7122 | 0.0932 0.1650 | 0.7495 | 0.1118 0.1890 | 0.7810 | 0.1
0.1095 | 0.6245 | 0.0595 0.1295 | 0.6715 | 0.0760 0.149% | 0.7132 | 0.0936 0.j693 | 0.7504 | 0.1122 0.1895 | 0.783%8 | 0.1
0.1100 | 0.6258 | 0.0598 0.1300 | 0.6726 | 0.0764 0.1500 | 0.7141 | 0.0941 0.1700 | 0.7513 | 0.1127 0.1900 | 0.7846 | 0.1
0.1105 | 0.6270 | 0.0602 0.1]05 | 0.6737 | 0.0768 0.1505 |.0.7151 | 0.0945 0.1705 | 0.7521 | 0.1132 0.1905 | 0.7434 | 0.1
0.1110 | 0.6283 | 0.0606 0.1310 | 0.6748 | 0.0773 0.1510 | 0.7161 | 0.0950 0.1710 | 0.7530 | 0.1137 0.1910 | 0.7362 | 0.1
0.1115 | 0.6295 | 0.0610 0.1315 | 0.6759 | 0.0777 0.1515 | 0.7171 | 0.0934 0.1713 | 0.7339 | 0.1142 0.1915 | 0.7870 | 0.1
0.1120 | 0.6307 | 0.0614 0.1320 | 0.6770 | 0.0781 0.1520 | 0.7180 | 0.0959 0.1720 | 0.7548 | 0.1146 0.1920 | 0.7877 | 0.1
0.1125 | 0.6)20 | 0.0619 0.1325 | 0.6781 | 0.0785 0.1523 | 0.7190 | 0.0963 0.1725 | 0.7556 | 0.1151 0.1925 | 0.7885 | 0.1
0.1130 | 0.6332 | 0.0623 0.1330 | 0.6791 | 0.0790 0.1530 | 0.7200 | 0.0968 0.1730 | 0.7563 | 0.1156 0.1930 | 0.7891 | 0.1
0.1135 | 0.6344 | 0.0627 0.1335 | 0.6802 | 0.0794 0.1535 | 0.7209 | 0.0973 0.1735 | 0.7574 | Q1161 0.1935 | 0.7301 | 0.1
0.1140 | 0.6356 | 0.0631 0.1340 | 0.681) | 0,0798 0.1540 | 0.7219 | 0.0977 0.1740 | 0.7582 | 0.1166 0.1940 | 0.79%0% | 0.1
0.1145 | 0.6368 | 0.0615 0.1345 | 0.6824 | 0.0803 0.1545 | 0.7229 | 0.0982 0.1745 | 0.7591 | O.1171 01945 | 0.7916 | 0.1
0.1150 | 0.6380 | 0.0639 0.1330 | 0.6834 | 0.0807 0.1550 | 0.7238 | 0.0986 0.1730 | 0.7599 | 0.1175 0.1930 | 0.7924 | 0.1
0.1155 | 0.6192 | 0.0643 0.1335 | 0.6845 | 0.0811 0.1555 | 0.7248 | 0.0991 0.1755 | 0.7608 | 0.1180 0.195% { 0.7932 | 0.1
0.1160 | 0.6404 | 0.0647 0.1360 | 0.6856 | 0.0816 | 0.1560 | 0.7237 | 0.0996 0.1760 | 0.7616 | 0,1135 0.1960 | 0.7939 | 0,1
0.1165 | 0.6416 | 0.0651 0.1365 | 0.6866 | 0.0820 |- 0.135635 | 0.7267 | 0.1000 0.1763 | 0.7625 | 0.1190 0.1965 | 0.7947 | 0.1
0.1170 | 0.6428 | 0.0635 0.1370 | 0.6877 | 0.0825 |° 0.1570 | 0.7276 | 0,1005 0.1770 | 0.7633 } 0.1195 0.1970 | 0.7955 | 0.1
0.1175 | 0.6440 | 0.0639 0.1375 | 0.6887 | 0.0829 0.1575 | 0.7285 | 0.1009 01775 | 0.7642 | 0.1200 0.1975 | 0.7962 | 0,1.
0.1180 | 0.6452 | 0.0663 : 0.1380 | 0.6898 | 0.0833 0.1580 | 0.7295 | 0.1014 0.1780 | 0.7650 | 0.1204 0.1980 | 0.7970 | 0.1+
0.1185 | 0.6464 | 0.0667 * 0.1385 | 0.6508 | 0.0818 ~0.1585 |- 0.7304 | 0.1019 0.1785 | 0.765% | 0.1209 D.19R5 | 0.7977 | O.1¢
0.1190 | 0.6476 | 0.0671 . 0.1390 | 0.6919 | 0.0842 0.1590 | 0.7314 | 0.1023 0.1790 | 0.7667 | 0.1214 0.1990 | 0.7985 | 0.1«
0.1195 | 0.6488 | 0.0676 ' 0.1395 | 0.6929 | 0.0847 0.1595 | 0.7323 | 0.1028 0.1795 | 0.7675 | 0.1219 0.1995 | 0.7992 | 0.14
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Plate calculation

Select plate thickness of 1 inch,
8
Using equilateral triangular pitch with pitch-to- diameter ratio

of 3.8 as recommended by Kister (28)

P = 3.8 (0.125) = 0.475 ia. Select 0.5 in for simplicicy

For 10%Z downcomer area

Ad = 0.1
At

From Table A-4-1. at Ad = 0.1
. - At 4
L/D = 0.7267"
L, = (0.7267)(6) ="4.36 1a = 0.36335 ft.

Select hw = 0.75 in

o
44
A

8

-
E
W

ol
o

02
105 o=

10

1C0 I [} ! L 1 1 Ll 1 :
02 0304 06081 15 2 3 4 6 810 1520 20 43560 100 200
911,122 2 {liquid load, gal/min}/ { weir length, 11)

F,, wair construction correction factos

FIGURE A-4-3 Correlation of F,., weir formula correctior factor, fbf constricting
tower wall. [From Bolles, Peifol. Refiner, 25 1613 (1946).]
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Hole gred . "& 7 "
Active ored

FIGURE A-4-& Diﬁcha;r_gc coeffi-
3 cients for vapor flow, sicve trays.
o  [From Liebson et al., Petrol.

I .+ Refiner, 36(2):127 (1957); 36(3):
Ui 288 (1957).) o
20
r } " - T
.E 1.5 / Ay lh,:0.20
1‘; 1.0 = ] l
. LI Ze /J .gJ __-rg_b-—" J.M,-o.os-o,u

o os 1.0 13 20 . 25 0 35 40
Py By, in of Bqud
' Rel o A4, ¥ kP
. o Mayfied W I 006
a Moytieid 14 Ys 009
O Hufchinson , 11 ‘s 0.14
—Zar 21 Y- Q20

FIGURE A-4-5 Weeping, sieve trays. (From Smith, “Design of Equi-
librium Stage Processes,” Chap. 15, McGraw-Hill, New York, 1963.)
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.-+ Pressure drop

- hoy = = 0.48 F, <QF)°'6?'
. e W 3
QL = 1600 lb/hr = 3,195 gpm.
Q@ - 31583
Sl A e e
From Fig. A-4~3 at 1 /D = 0.7267 - i o sl ol st 3
i R g A 7 R e S
st} y . : s i =g s %
: boy: = 0.48. 8 Tl taetoe) 88 s HE G N
| 4.36 ' ot T
0.456 s
0,046 = 0.04 x 73 x 8 = 0.389 in.
R e o 60 x 1
0.186 f_y_(@)z
: PL\co #
dh =1 da tp =1
. 8 dh
r T
0.14 Co = 0.87 From Fig. A-4-4
' An = 0.14(0.1566) = 0.0219 fr> .
U= -0.47348  =- 19.3158 fps
0.0219
hg” = .0.186 (0.0734)(19.3155)2 e
' 60 0.87
= . 0,112




Check for weep point AJA, = 0.1
h, + ho, = 1.206
' From Fig. A-4-5

o # hé = 0,38 in.
o

Calculated s g bl

R+ h6 0.501 in = )
o] 2 - ™

-~

The sum of the hole plus surface tension head terms -is greater

than the value read from Fig.A-4-5 at the calculated h, + ho; quanci-

<= ties aad, theréfcre, the section will opera'r:'e well above the weep pc:l.nt.'-_.,l.

b L7

& 4
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Condenser design

ek
o lap Sy
Total pressure(P,) = 17 PSIA
Range CHEO .A: ccoz PV Pt
5 4 Btu/1bF Btu/1b " Btu/1b¥ _Pei
200~-195 045 981 - 0.22 10043
© 195-190 - 0.45 | 984 0a22 NN 9,32
190-182 . R 990 0.22 . To?lt
182-164 0.5 1000 0,22 Se2h
164-146 T 06b5 1010 0.22 3e39
?'i43-1é8 okt 9098 0.21 2,12
? 128-110 Oulih 1032 0.21 1427
| : j
| i
. CO, entering = 62.29 1b/hr
_ - 1416 1bmol/hr
1_H20 entering = 50,96 1b/hr
k ' ; = 2.788 1bmol/hre-

 Heat load calculation ‘ =

k.
| R = Pp=Py
mole stream passing = Pv X mol 002 entering
P
o B

|

mole stream condensate mole stream entering = mole stream passing
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heat of condensation , B = (mol. Btream'condensatex_ﬁﬁ.)(h+;QH OXAﬁl

2

heat from uncondense stream , BE = mol, stream passing X MW. X Cx o X AT
' 2

heat from noncondensable y H. = mol CO_ entering x C.,. X AT
n 2 COZ

Range  E_ 8 8 -qh 2
P Btu/hr Btu/hr Btu/hr Btu/hr
200-195 9465.16 91413 68.52 9624 .81
195-190 9494.04 69.66 68.52 9632.22
190-182 9564.79  76.70  109.63 9751412
182-164 10252.46 91.85 246.67. 10590.98
164-146 . 5094.28  51.32 216,67 5392427
146128 _ 2815.13  28.51 246.67  3090.21
" {28711p'ff T 1609.80  16.25 - 246,67 _1872.72 -
e e hat ToMA. = & NSo81.07

. Tube side calculation

80 F

use cooling water temperature =
_use condenaer tube diameter = ' 3/8 inch
~arrange in square pitch , Pn = 5/8 inch
? shell diameter = 10  inch
total numher of tube = 100
a, = Nyxal', = 100 x O = 0.0208  £t2
5 % 4% 2 x 144 :
@ - :t = 3500 = 168000  1b/ft’hr
v = | = 168000 = 0.747 ft/sec

= @,
335'3—5‘— 3300:{3 265



From fig. 25 in Kern ki stasl = 114 x 2?3” = 311

shell side calculation

a,. . = ID x C' x B
' 184 x PT

10 x 0e25 x 10

= 0.278

D = 4 x free area
wet parameter

1}

0.95
a = 1b gas pasaing/as
L2 De Gsén

- /3
h =
° . ’H%:(gx‘“—j -

o)
[ ]
]

| read j; from fig. 28 in Kern then calculate b,

' calculate overall heat transfer coefficient by assume Tc' P° substitute
in the equation below, calculate until left hand side equal right hand

side and this value is equal U(TG- T*)

SRR

# ho(Tg'Tu) + Kn LN gngv = By (2 8 T,)

5 ;

% Temperature KCOZ KHZO 'n992 ~FH20
§ 200 - <0129 0134 0171 0122
f 195 «0128 «0133 «0171 #0120
§ 190 0127 0132 017 0118

182 00124 «0131 «017 .0115_

. . 16h <0119 0129 L0166 0112
_] 146 | 0115 0125 0162 +0110
. 128 L #0149 0122 <0158 0107
1 110 4009 012 . .0156 «0105




A

Point 12 ' AT UAT (Ubrgvg q |
Btu/hrft°°F  BtdF/hrft> BtuF/hrft’ Btu/hr £t2
1 70.64 105 7413 683k4,7 9624.81 141
2 66.8 502.9 6256.3 5572.6 . 9632.22 1.73
3 48,5 100;8 4888,.8 4205.3 9751.12 2.32
4 36.8 95.7 3521.86 2691.2  10590.98 394
5 23 80.9 1860.7 1427 5392.27  3.78
6 15.4 6he5 993+3 76241 3090421 4,06
7 Me2 47,4 530.9 3809 1872.72 4,92
8 7.7 30,0 231,0
22,16
i For safety facto:;.° =  1a5
' Total heat transfer area = 1.5 x 22.16
| ; = 33.2h
_100 leg ;'%EE = 33.24
L = Lo.63 inch
=Wl 16 & Clle



Lean-Rich Heat Exchanger (Helical-coil)

Heat exchangeruuu Belical-coll iz m.'lﬂunrmnﬂ'lﬂu

: 4 «X 4,
- luauwuwmnn
4 4
- TunrmvnﬁITuatﬂuuun laminar Hjﬂluﬂ flow ratanq 7q 8hell and tube

A
heat exchanger?:iu economic LUBI3IN heat-tranafer coeffic;emﬁan

i e 4
- L1ana4n 1 Inipressure. drop N4 :

hot £luid cold fluid “Rard

Tempe. inpﬁt‘F- 238,11 138, TC

Temp. output °F T TQ

Flow rate 1537.71 1600

Conductivity of fluid K = O.b ’

conductivity of metal XKC = 218

' vViscosity of fluid VI = 0.95
Heat capacity of £fluid CP = 0.95
HEot fluid flow in shell

Cold fluid tlow in tube

nﬂrnﬁuau?~i?n?ﬂn

1 nquuﬂtﬁuUﬂﬂuunaﬁqmﬂqShell c01l,unu1u ATIUNUN
2 nwmunT® (Favzvaluwa T 1n)
e i : E E
3 11 program faiuanala 117792 1AM NGIT0heat exchanger

: g0 e e
FWIUTBUTBIc 011 NADARABINY T@N LT
T

el - 4 Rl fv
Uﬂ‘ﬁﬂdﬂ’]?ﬂ"li’:‘\h?"lﬂﬁd‘ﬂﬂdheclt cxchange®UIMUIUTAUTIANC 0LL WauYusny TO

i L

v_ W - - . - -,
A Nudny 1110 program list®iraiaenls T@ = 190 F Aage 4.75#a I97uu

18U183coil 50 79U

- ar ar 4‘ v i v a -
M TUmann TN 1L 39U program wdny 1IMa93INUaT84. program

: o s
dNlcan-water heat exchaqprnuanum:luﬁﬂunn

t% v | v
ynUTENAT  INTAZIMNATATUILNRYENAT0 theat exchanger fuaniwanula
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12

.,

ke e g 't‘"-'}"’"r gt

It

w
28 REM SET CONSTANT UARIABLE i s
38 MS=1537.71 S : F
49 MT=1590 BN : —
S8 Ti=238 TR J b ;
68 TC=138 : “: T g i
70 K=.4 aRhe Zs 0
86 KC=218 ° : Y : L
70 Vl=.95 - : v o
188 CP=.,5S B : et
118 REM MS=MASS FLOW IN SHELL :
120 REM MT=MASS FLOW IN TUBE
130 REM TI=TEMP OF SHELL INLET FLUID - o
140 REM TC=TEMP OF TUSE INLET FLUID . SR
158 REM K=CONOUCTIVITY OF FLUID : i
168 REM KC=CONDUCTIVITY OF METAL ' Je
178 REM UI=UISCOSITY OF FLUID
188 REM CP=HEAT CAPACITY OF FLUID L4 oo
183 REM . v i _
185 REM INPUT VARIABLE : AN
288 INPUT=O0D OF I[NSHELL B";B . T
218 INPUT®ID OF OUTSHELL C";C : et
228 INPUT-0D OF TUBE Do" jD® .
238 INPUT®[D OF TUBE D*;D w

248
241

2358

INPUT=TUBE THICKNESS X" X
B=8/12:1C=Cr12:08=08/12:0=D/12:1X=X/12

242 INPUT"TEMP TUBE 0QUT";T® > ' 2 w

REM

235 REM CALCULATION

268
278
274

279
288

278

386
318

.. 320

338
348
358
348

‘378

Jee

3789

49

4180

429
430
448
438
4498
479
488
478
See
Sie
520
539
S48
358
Sa8

T=T]-MT/MSX(TE8~TL) ; : :
R=(B+(C=-B)/2) /2 7 . ok
Pl=3.141592454K

273 P=1.5%08 o T ‘ o S s, I

A=SQGR{2XPI¥R) “24P~2)
UF=P1/4% ((C~2-B~2) KP~DB~2¥A) - - ! o 1
DE=4XUF/P1/D8/A ; 5 - . .
DI=(R-DB/2) X2 ' W
D2=(R+D8/2) X2 ; h .
GS-I‘-!S/((Pl/4>!t(C‘Z-E“'Z)-(DZ"‘Z-Dt“Z) » T ik : .
NR=DEXGS/V1 .. . . P Y i ™
NP=CPAVI/K = - - R e e T R s [ LA A S T,
HO= . 4XK/DE¥NR* , SXNP~, 31 2 TR T S e R e
NL=4¥MT/P1/DrVI i & 200 5 . g - g R
PRINT*NRet -‘;NL Sty v it SR o Tz Nl s LS s 0
INPUT™ JH" jJH S e YT T R S e = Y B 7
HT=JHX (/D) ¥ENP~( 1./3) B i =, S
HC=H1%C 1+3.5%C0/2/R) - ' A i FIrEes :
HJ=HCXD/D® 3 ; ; AL ¥ o L
2= L/HO» L/ HI$X/KCHIE-84 : L slle ) e
U=1,/2 4 - ! Tl S

el g St . . . a3 ) L
K2=T-TC . _ o : : . S
THM= (K 1-K2) /LOGC(K 1/K2) SR ' . _ : B
INPUT"F" ;F - ek
TR=FXTM St ; ' ~
O=tMSKCPXCTI-T) . o sy - -
AA=Q/U/TR i : ' ; o
PRINT*AREA=" ;A : : W
N=QA/ P [/A/D8 : .
PRINT*N=" ;N ’

INPUT"N" ;N ! . . e d
TT=NxF+D8 ] - *
PRINT*HIGH=";TT

/578 LPRINT"B=";BX 12TAB( 15) ~C=" ; CX 12TAB( 30> ~do=" |nsz:z‘raau:s:-o-*;onzmauna e

1X%12
571 LPRINT
572 LPRIMT"NRes=":NR b
573 LPRINT
379 LPRINT"NRelt=" NLTAB(Z23) "JH=u" | JH
573 LPRIMT " - )
330 LPRINT"AREA=" ;AL" §t+2"
58 Lol PRINT ; 3 - o5
598 LPRINT"NUMBER OF TURN=" ;N Tl
591 LPRINT -~ bty . ; BT e R e e S
488 LPRINT=HIGHT=";TT" ft* - : 5 A ers ’
681 LPRINT = )
482 LPRINT - . .
483 LPRINMT . £ et
410 PRINT"IF YOU WANT TO CHANGE ONLY Tout TYPE1" N bl
428 INPUTR R Ty e
638 [FO=|THENZ42 . .
648 GOTO200 . . - v
(W)
8= 18,75 C= 14 de= .75 D= .47 X= .84
TO 1 = .
NRes= [243,1 = 1507
NRet= 38487.2 JH= 115 W
AREA= 20,9929 §t°2 : i
2 (v] '
NUMBER OF TURN= 33 . : Sy !

HIG

HT= 3.15425 4t



g= 10.75 c= 14 d6= .75
- NRes= 13423.1 Ta - legY
MRet= 38407,2 JH= 115
S
AREA= 25.7956 ft~2
«  NUMBER OF TURN= 41
HIGHT= 2.90425 4t
N
o« Tg= t1o.7% c= 14 dé= .75
NRes= 1343.1 TO = 190
S
NRet= 38407.2 . JH= 115
~ AREA= 31.2423 12
NUMBER OF TURN= _58
S
HIGHT= 4.75 #t
g= 18.75 c= 14 do= .75
NRes= 1343.1 T® = las °F
~ NRet= 38487.2 JH= 115
AREA= 28.917 +t~2
St
NUMBER OF TURN= 42
— HIGHT= S5.875 £t
— - 5
B= 18.7% c= 14 de= .75
— MNRes= 1343.1 o ac W
NRet= 38487.2 JH= {15
b .
AREA= 48,2143 ft~2
— NUMBER OF TURN= 76
HIGHT= 7.1875 £t
st

1
Design procedure ,
Here is b simple procedure for designing an HCHE:
Determire the heat-transfer coefficients. To calculate the
heat-transfer coefficients in the coil and the annulus, the
following parameters must be known:

D= .67

X= .84

D= .47 X= .04
D= .47 h x- .84 gl

-

e

"1, The ledgth of coil. L, needed to rna.lé:-:- N turns:

J L = NV (2=r)* +p? (D

2. The volume occupied by the coil, ¥

V. = (=/4)d,2L A

3. Thc‘_\-olumc of the annulus, V:
V, = (=/4)NC? — BY)pN 3)
! :
4. The volume available for the flow of fluid in the
annulus, ¥: T
, V=V, -V, @
5. The shell-side equivalent diameter of the coiled wbe,
D,: -

D, = 4¥,/=d,L (5)

The heat-transfer coefficient in the annulus, 4, can

A helical-cail heat exchanger

Fig. 1
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Schematic cutaway view of an'f-{f.;HE ; Fig. 2 |

now be calculated using one of the following two equa-
tions. For Reynolds numbers, N, in the range of 50-
10,000, Eq. (6) [3] is recommended:

kD /k = 0.6N,, 03N, 031 (6)
For Ny, over 10,000, Eq. {71 ] should be used:
h D, /k = 0.36Ng 03N, 1/ 3(u /)14 o

The heat-transfer cocfficient of the fluid flowing in-
side the coil, 4;,, can be determined using conventional
methods, such as described in Ref. [£]. The heat-trans-
fer coefficient based on the inside coil diameter, A;,-is
obtained using a method for a straight tube—either one
of the Sieder-Tate relationships, or a plot of the Colbum
factor. jy, vs. Npg,, such as Fig. 3. That must then be
corrected for a coiled twbe by multiplying 4 by [1 +
3.5(D/Dy)) to get A;.. The coefficient based on the out-
side diameter of the coil, &, is then obtained by:

ki =k (D/d)) . (8)
The overall heat-transler coefficient, U, is given by:

/U= 1/hy + 1/ by, + x/k. + R, + R, (9)

Determine the required area. The area needed for heat ’

transfer is determined by:

A =Q/UAL

corrected to take into account the fact that the Auids are
flowing perpendicular to cach other, which is done by .
applying the standard correction factor for perpendicu-
lar flow [¢].

Determine the number of turns of coil. Since A = wd,L, and
L is expressed in terms of N, the number of turns of coil

"~ needed can be calculated by:

N = A/(=d,(L/N)) (1)

The actual number of coil turns needed, =, is simply N
rounded to the next highest integer.

i
(10) !

The log-mean-temperature-difference, At must be |

HEIR ;..-u PR

S

Aru for hcnt mfcr, m?
_Area for Huid flow in m.nulus, (w/{-)[((."‘ -
B?) — (Dg* — DgP)], m® - . st
Cross-sectional area of m'l 'erf'4 rn’ . W
Outside dia. of inner cylinder, m "
Inside dia. of outer cylinder, m
~Fluid heat capacity, kcal/(kg)( C)
Inside dia. of coil, m .- - SR
Shell-side equivalent dxmf co:! m :
Average dia. of helix, m __, . e
gy Inside dia. of helix, m |
Outside dia. of helix, m
d, Outsidedia. of coil, m ©
G, Mass vclocity of fluid, M/[(-r/‘!)((C" B’) -
(Dg? — Dy, g/ (m®)()
H  Height of cylinder, m "~ R i, vl
k,  Heat-transfer coefficient m:ndc strmght tubc,
" based on inside dia., keal/(h)(m?)("C) .
Heat-transfer coefficient inside coiled tube (i!," cor-
rected  for coil), based on inside diz;, ;
keal/(h)(m2)("C) - | -
4,  Heat-transfer coefficient inside coil, ba.wd on out-
side dia. of coil, keal/(h)(m?)"C) . sary asts
Heat-transfer oacﬂ':um* oumde wil,

Ao -L'k

.
]

| keal/(B)(m2(°C) . - G e

Juz - Colburn factor for hut t.ra.mf::'. (.&'D{,E)(Nh)-us i
: (#/m) "%, dimensionless - o A

k Thermal conductivity of fiuid, kcn.l/(h)(m)( C)
£, Thermal mnductw:ty ) af coil mdl 3
keal/(b)(m)(*C) *, SR i
L Length of helical mﬂ nccdr.-d to form N mrn: m- .
M  Mass flowrate of fluid, kg/h * e e
N  Theoretical number of turns of he.llc:ll cml :
m  Actual number of turns of coil needed for given
- process h:n dul:y (N munded to the next highest
integer) . S
N, Prandtl number, c,p/]: d.:mens:onlm
Np. Reynolds number, Dup/p or DG/p, dimensionless |
Q@  Heat load, keal/h . . L i
g Volumetric flowrate of Auid, m3/h !
r Average radius of hplical coil, taken from the .
centerline of the helix to the ocntcrhnc of the cml
m se g
R,  Shellside foulmg factor, (h)(mz)('C)/h:a.l i
R,  Tubeside fouling factor, (h)(m?)(°C)/kecal — ~ ~ |
_At.  Corrected log-mean-temperaturedifference, *C
| 44, Log-mean-jemperaturc.diference, -C-——-—-' =
B Fluid velocity, m/h - 3E s
U Overall heat-transfer coefficient, kcal/(h)(m’)('C]
¥V, Volume of annulus, m*
¥,  Volume occupied by ¥ turns of coil, m3
¥y  Volume available for fluid flow in the annulus, m‘
x° ~ Thicknes of coil wall, m* =~ =~ =777 77
B Fluid viscosity at mean hulk-ﬂmd tcrnpcmture, i

kg/mh) A
Fluid Viscosity - at p:pe—wnll tcmpcunuc, i

e
Y w!/(m)(ﬁ)# N T e Tt A %) g

Fluid & T_taxm,_ﬂ e
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. - l L I L= ¥ 0
9 [ = B s
'k ¢ = Specific hest'of fluid, Btu/{ib) ("F) I i
= D = Imide dismeter of tubes, ft £ sproas
e G = Mans velocity, W/, Ib/{h}{ft2] : s o e
- My « Film coefficient, Bru/(h) (ft71(°F} : . AP
~ k= Thermal conductivity, Bu/{R}{f)(*F} b B
I _L = Length of path, f1 i &
4 W =Weight flow of fluid, Ibh __ - -
! I M = Viscosity at the caloric temperature, [b/{ftith] i 3 . - X
! [~ uw= Viscosity at the tube wall temperature, Ib/(ft)(h) : T ] N
Jho e st e m—— e — e S a2t . -
| = e 3 - bn ~/
' # R K SR
L : » s
= 1 o]
5 ; i . S :
] by .
N : i
i From "Process Mazt Thensfer” by Donsld Q. Kern. Copyright 1950 by 2
MeGroweHill Book Cal|Used with permistion of McGress-Hill Sook Co. 7 =
T e o PR T R L 1 1.1 J-l[:lltl Lt 1 vt 3orrid L
2 4 6 10,000 2 4 B 100,000 2 4 61,000,000
Np,
rn factor vs. Reynolds number for tube-side heat transfer Fig. 3
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A Srpoing - area of column , sq.ft.

T
A, w02 Gl i avaa. For bubbling, sq.fr.
Ay . <= area of dowﬁc?mer, sq.ft.

Ay = ‘hole area, toial;'sq.fc.

:AN".‘. = ‘net vapgr.flo§ area becween plates, AT-AQ
c, o R orifice coefficient = | ;: —_—

D = . tower diameter, ft. &t
dh = hole diameter, in. ]
Fw". | = factor, Fig.A;&—3 :

hy = equivalent head loss: through ho;es,Ainrof £luid
hoe '_j' 0w liquid creéc ;vér veir ,in;__

g -equivaleot sérfééé—téqsion head ion;ia. :
11%4 St L0 _weir heighc,iq;; '. : ; _ - :

& L ‘1iquid race, ;oieéfﬁf b¥}1ﬁfﬁfJ 3
Lw' s ;. ‘weir 1eﬁgth;i§.j' &0 o {_1
P _—_ = piech,ia. E
fg'f . .= -  capacity factqr'

4 R 11quid ad e ¢!

Qy - v;por load ;cuft,/sec

L, = plate thickness,in. = -

o ) = velocity of vﬁpor throuéﬁ holes, fps.

UVN T . vapor velocity,_fps.bééed on &NI

W = vapor lead 1b/hr of moles/hr --; :
./}11‘.' = | 1iqfid viscogity, 1b/fps.’ .

) = .frofh density §

y’ = ) entrainment,moles per molé of dowaflow

P#. ' =  density of liquid , 1lb/cufrc.

PV = : density of vapor , lb/cuft.

L)

6 = surface tension




0.02

- x ,mole fraction COZ {n liquid

0.01

T

L

0.14
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Mass Transfer

\ e : Adi‘ . : ¥ cl ‘-l
LUB_ (length of unused bed ) l]]u‘lﬁ“qqﬂu',ﬂ:ﬁ‘luﬁfn‘l'ﬂf?u nnLuy

AL 1
MM TANULY fixed - bed adsorbers ﬁqq:aimuﬂﬂ)j
o [ | » |

4
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91n material balance across the equilibriam section at time e F)

G(Y,-Y)) = L_Py [Xg’){-'} (28)
F 100 - :
W ,

L_= 100G (AY) & & | oy (29)
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'd_ Stoichiometric position, G=65 wRE
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1) P;ychomenric chart Ean'apply to Raw Gas ;
2) - Raw gas 1is 100% moisture cancént
..3). Operating at isothermal 100°F

4) ‘Breék~point ehie- 10 he

5) Coastant Gas flowrate

1) Gas flow rate 30 m3/h
2) Regénerateé.Silicﬁgel has 52 watér content
3) Bulk density silicagel 38 1b/fc> £
4) H.WL gés- = 22.&5 |

5) Collumn diameter = 14

L, = 100 G(Ay)e ¢
el i 8P

30 x 1000 x 2.204/ 7 Qi)f = 2.76 Ibmol/ft’hr

22,4 x 1000 4 (12) E

25040 Let Vapor Pressure at this point = P, (IDOOF).

= _0.045 x 22.45
1 x 18

- 40.39 N mm H, O
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_‘-- ] _!"A.‘

from Equilibriﬁm Charct (Fig 'A-S.Zf-) we get Xe
Xe = 0.35 1bH,0/1b dry silica gel -

—

95

From Data X, = 5 = 0.052 1b/lb dry silica gel

From Fig., A-5.2 we ‘get vapof pressure of exit gas = ‘4mmHg =

Y AR L A2 % 1077

L '1b/1b dry gas
756 x 22.45 -




(0.045 - 4.24 x 107°) x 22.45
' 18

0.051 1b/mol/lbmol gas

(0.35 - 0.052) x 100
18

y ,/’thx\ _ 3
u<“l;?5§4)1bmol/100 1b silica gel

e 100 x 2.76 x 0.051 x 10

38 x 1.656

= 2,264 £r

Safy factor = 1.5

-

High of packing = 3.5 fc

‘r

L

LAY

-LS" 'f ; position Qf sk&idiamegfic frdn: in bed,:ft.
‘G 7w the.gas-feéd'fate, 1bﬁoie£hrft2
sb = adscrbeat bulk deﬁsiﬁy, lb/ft?_‘ ' .,;,j
i 4 =0 Ye—Yo'where Ye-and Yo are the cﬁécentrations of
adsorbable component in the ghs feed and in the
- gas ia equilibrium with regenernfed adsorbent
respectively, lbmoleflbmo;e dry air
X - xe—xa where Xe and Xo are the adaorbaﬁe loading

in equilibrium with the feed gas and on the

- regenerated adsorbent respectively, -lbmole/100 1b

activared adsorbent

R ‘time from the start of adsorption, hrs.
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- gaTagompA
"~ Writing éys:em i Discoﬁtinuous ink trace; disposable
six-color cartridge
Number of input channels Six

Number Af input conditioners Up to thrée; each is ché?@éterized for
| a particular signal type, size:and of fser
Channel colors 1 Violet 2 Red ,3 Black
| 4 Green 5 Blue 6 Brown
Servo direction - : Choice of lefrt of;right.moveﬁent of the

dotting head for positive-going input

signal
Servo -linearity b +0.1% overali, excluding input conditioners
Resolution . - +0.27 - : S =
Chart print interval ~ 0.5mm -on‘th;e cima axis
Dbtting cartri;gé iife 500,000-operations per channel >
Chart type s 32m(105ft) roll or 16u¥52.5ft)z—fold
Chart width 100mm calibrated, 120mm overall ‘
Visible chart area 100mm x 8C0mm
Chart drive |  - Hicroprocessor—éonirolled stepper motor,

synchronized by line frequency

Chart speeds 120,.60, 30, 30,.10 and Smm/hr

Power requirement 110, 120, 220, 240 Vac;+;102; 48 ﬁo 62'Hz,

. 15 VA, 10W(maximum)‘

.Enﬂironmept Zero to SOQC, 10_;0 90%RH, non-condensing

Mechanical ' " Steel case, cast.zinc-door with glass or
acrylic window. Finish:storm gray case
silver gray door

Weight ' : : Net 5.5 Kg(121b)Shipping 9 kg(201b)

Trade mark Chessell
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" ‘Model HCW-155

'; Bore x Stroke

e Low Pressure

High Pressure
I:Strpke

---_:R.P.M.' 450

a'Pistﬁn Disblacemen:.

‘ - 1/min

H.p.

 Type Two Stage Water~cooled Single Acting Compressor

133 x 1
% 1

114 . .m/m
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' PE_TROCHEMICAL RESEARCH LABORATORY

i

¢ PURiF;ICA"IlON !
~ PILOT™PLANT '

{PIPING

"DEPARJMENT  OF

CHEMICAL ENGINEERING

CHULALONGKORN
, UNIVERS(TY

" | DRAWN | DESIGN | CHECK

APPD.

DATE

| DWG. NO.




g

e - T ; SPECIFICATIONS LIST
ITEM] NAME MATERIAL TH!CKNESS]QUANT.
] CASING CAR3IOM STEEL| 79 2
2 |FLANGE | carson steeL | 18 4k
3 DISTRIBU = CAR3ON STEEL - ¢ 1
4 TOR
¢ |covER CAR3OM STEEL | 2 2
RING - i
5 |STAKD CAR3ON STEEL | 28 2 SETS
6 [ELANGE | GAR3OM STEEL| 18 o
7 |WIRE Mesh| STAINLESS | o 10 ¢
: s |coven CAR3ON STEEL| 3 L
) 2Lr= 5 CROSS
S, . RING )
= @30 N ;Y Y pi . 9 [3oLT s HIGH TENSILE|@2% W SETS
2 5151 iz < B NUT
i x - :
-TOP- BOTTOM FLANGE 10 [INSPECT- | SAFTY GLASS E] 1
y: 10N DOOR ;
1.500
X~SECTION A-A :
- . Mash . 13
TOP _PLATE No 30 ' 2
100
i i " PETROCHEMICAL RESEARCH LAB.
OIMENSION IN  mm, : DWG NAME DEHYDRATOR [DEPARTMENT OF
. . ¥ EQUIPMENT DRAWING CHEMICAL ENGINEERING

] 'SYNTHESIS OF SYN- CHULALONGKORN "'
: ' CRUDE PROJECT UNIVERSITY
DEHYDRATOR - i

APPD. |CHECK | DESIGN [DRAWN | DATE. 2/6/83

DWG, No.




u(

——220—o ! |
T ij T L ” . F@ "L”F"!#! EQUPMENT DWG. | DEPARTMENT OF
| 1"!‘5?""” T Bi\sé . NAME CHEMICAL ENG.
BOTTOM - P
- | CHULALONGKORN
, ABSORBER e
DIMENSION [N mm: APPD/| CHECK| DESIGN|DRAMN |DATE 2/9/83
= DWG.No.

I

—_— e Y —

apudll

T g

5480
| I
875 873 673 t 800 18an
W
i ! - 5 ﬁ N ke
- —_— l — - : - . a
ToP PACK Mo @ # pack nas PACK Nea. 3 i} PACK No;Z . - PACK Na.1 g BOTTOM
= : BASE _
( SCALE 1110) =

SPECIFICATIONS “LIST:

No} NAME MATERIAL | Thick|Quar
1| REDISTRIBUTOR BRASS ‘3 &
.:2| REDISTRIBUTOR TUBE|' COPRPER 1.2 |som.
3| sEaL i Mo 13
4| FLANGE HIGH TENSILE | 22 '| 14
5| INLET FLANGE HIGH TENSILE | 18 T
8| oAs INLET miPE QALVANIZE ST.| 3 1
7| 6As OUTLET PIPE.| GALVAMIZE ST.| 3 [
B| LIQUID INLET PIFE | QALVANIZE ST{ 3 i
9| LIQUID DUTLETPIPE| GALVANIZE ST.| 3 [
10| GAS SAMPLING CARBON ST a
11| THERMOcouPLE Fix| cARBON ST '
12| SUPPORT PLATE STAINLESS ST.| 3 &
13| BASE cAsiNg GALVANIZE ST| 7 i
14| BOTTOM CABING GALVANIZE 8T| 7 [
18| PACK CASING GALVANIZE 8T 7 [}
18| TOP cAsiNG GALVANIZE ST ' 7 1
17| FOUMDATION BAR |HIGH TENSILE ST.| 5 | 4
18] ADJUSTING BOLT |HiGH TENSILE ST| is | 4
13| soLT & NUT HIBH TENSILE ST.| 13 .| 84
20| BOLT & NUT HIOH TENSILE ST| 9.5 |12

21| Pacxing ALUMINIUM L0

- PETROCHEMICAL RESEARCH LAB.

=
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" I L AL RS
i [ |
4 I
P 1380
' Ly i
# 1 |i- iv-l T 27 ﬁ] l |": _‘o.
i
.ﬁl.-l..._L_. (11 u‘ !-:.
i f
RICH INLET*-EIZE} !
i ) 3 i
- T et O s £
BT | [l r ) T} T ? ?
TOp : BASE

PLATE SET Na X

T

ALL DIMENSION IN mm

PETROCI—]EMICAL RESEARCH. LAB.

EQUIPMENT DWG.
NAME

. STRIPPER

DEPARTMENT OF

CHEMICAL ENG.
CHULALONGKORN
UNIVERSITY

DRAWN|DESIGN [CHECK |APPD, | DATE

D'WG. No.:




CASING —————

2400

- ¥ 300

2o

COCK VALYE

GAS INLET
GAS DUTLEI'

INSPECTION DOOR
LIQUID ADD UP

ALL DIMENSION IN.mm

DISTRIBUTOR —_.I )

“PETROCHEMICAL RESEARCH LAB.

EQUIPMENT DWG.

DEPARTMENT OF
CHEMICAL ENGINEERING

NAME _
CHULL ALONGKORN
FINAL PURIFIED | \jiversiy

DRAWN DESIGN CHECK APPD. DATE

DWG No. -
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