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Abstract

The study on designing the production of Carboxymethyl
Cellulose (CMC) 39 kilogrammes/day involves designing and
calculation in engineering. This assigns the suitable production
facilities and estimation for a pilot-plant. The reaction is
occured by using phase transfer catalyst in suspension. The main
facilities involves reactor, dryer, centrifugal separator and
distillation column which are discussed. The estimation
for a pilot-plant of production of CMC 5 kilogrammes/day

costs approximation 4.8 million bahts based on 1990.
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2.4.3 n1Ticinaduiing ¢ relative volatility)
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2.4.4.1 differential distillation

o A .. . 41
Lﬂun11nauuuun1¢ (batch distillation) nqwan§a

[ . 4.‘0 ¥ Y Y Y w 4
WANNTT  unZaswRuNILNABIZTuAITuE  URITHAIINTAUAABRTIANN

P d o X . 4 ' 4 . v ﬁ
IUBAINAUL AR 1antnanuasgndq1ﬂaqLaiaqa1uuuu tuan1tniduaadinag
4 a ¥ aa ' ' d a 4 e v o
TaninaaudiTuad17981189188900217U2a9 L MR ININAD  IRELARIAUAINL ANAY

) 3 ’
ERERYREAY. L ERENOS ETIS R nazﬂ?uﬂmnacsna1nﬂsnaa 9 aRad @ 128118 9

44
Taninawu

- ﬂqfutu11?ﬂﬂﬁﬂﬁﬂ .

v ) «f <
ANUTIU YaINFUMRTNAU ¢
4 < - .
gﬂn 2.19 arTnausul differential

< ., R ")
ﬂﬂﬂzﬂn 2.19 NI THAZASZAIL AT UATUL RS NINITARY

fannifiu s FaduTuacmole fraction) 2a9d177¢1wad 8 AALNIAY X 2a
U3 Tae 1 iutunasinantuattusiiinng ds Tua  fAndenanasiuta aassdndu

dﬁglu
gaslaninaauininy Y

50



awnauqau1aﬂ11

4 v
drad1INLan = d21ag17a8an0
Yds = d(sX)
Yds = sdX + Xds

v v W o N
28181 IaunNLNIN

X
In (s/s ) = J [AX/(Y-X)]  —mmmemeeee (2.18)
4 )
1))
s, = dmmTnanasuannauiiuan , Tua
1 Q w {
X = FadmTnanavd1TIsinad1anant Tuau 5 Tuatﬂaftﬁua

54

-

-
1]

[ 4 4 L]
3&#1u1uana«dn1izLuaqnaTunmeLwa1uas1anag1uduqa R

4 4

TJuaidagidua
ad < o 4 ¥ ug
TUNTANIASHANNAT NITTLLNARNUNG AN slauany

In(s/s)) = [1/(a-1)1 1nCXKC1-X_)/X_(1-X)1 + 1nC(1-X_)/(1-X)]

----------- (2.19)

o B 4 @
qUMIIN (2.19) 1¥1un1191u1mu1ﬂ?u1mnaqudunLuaaagﬂunﬂﬁuz
L] v v 1 E7) » ] o 4
NTAATINL TNIUTBIRITTE L 0ASIATUTAIWRNTA  DINTIVAT  NITTE L naTRUNTUAL
v W Q'Il .} Hld <5 - ]
A27HL DN TRL THARIAYBANNAN  N1TNAUBUIRINNUTEANTA NN LW T Iz TIE N T

£
uanﬁw11ﬁ§nmwuu1§nﬁge 1 18

51



2.4.4.2 flash or equilibrium distillation
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2.4.4.3 n1TnauateudIe (fractionation distillation)
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McCRBE-THIELE Diagran for Isopropanal-
Water

4 Mole Fraction in vapour
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McCRBE-THIELE Diagram for Isopropanal-
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h, = aawuaﬁaEﬂnsqnizuannanaunt uauIm, U

0 U
AIM1TANIMUBATIANIA  TAAA ML IMLNNINUA uﬁqgaaaaiwawaa

v Y. e, Ao PYIR 4 a &
uuuauwnunna«aﬁqnuwuw?ﬁnwLﬁiﬂ«ﬂansmzau

Taa

ee

ALY

o !I’: - lg 4
INITRIU 1auwuun11uqﬂn1mnq 3 dqu = 373.42 iaua

' ] ’: [ 2 e
TIRIRANUIAUIMUNAASTURANL AT dRa 304

0,34

- ¢ ‘
= [80%(2.0+3.5)/2] % (¥Wr) ABRAT/Uaua

g @7 o 4
Vr = WIMunTundnus, iaue
- 1 4 ’: d
TIR192904n 18T aaunsﬂuuq uazdaunsﬂuauau

-0.3a4

373.42%80%2.75%(373.42)

i1

10966.672 Aaaa1T
6.1.2 luwanau (agitator)

4 g4 o \ o dal s w
TusaTasUPnIAINttateas 19 lulanousuy  paddle nNA1AY

I's ) o4 ' B e v =«
1240ALAAT 2 wTIU0  uatdasIntiugaTan muaTiaaastuwanunuunla 9

& ° (g
LRANAMUATIAYIDANTUWaN UL UY propeller Wnu
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1T I
Turbine
316 stainless steel:
Dual impeller
Single impeiler \ Hours
e
10° Carbon stesl: AN > 102
5 - Dual Impalier ~
38 Single impeller ~ g
3 g A
g L4+11 N\ AN -
i AN | conmamne 1. 8
5 f‘/ /)}l/ 5010 (00 r/win 700 -E
[ L A7 ’,r // :nua-/m‘- . ‘
< y0¢ L1 e 18 HH10
¥ Carbon steet [1-3 #
SEien 0.69 1]
= o it 1 i
Eﬁzﬁ:—ﬁﬁ-ht 1
316 euiniess stest :z r_ i
] o hores stioy 148 {
- Propeller, carbon stes! 1l !
L1 | NJCrosed tank 11 N
’ tank ) Jan. 1
109 e g 1i1iitijio !
1.0 2 10‘ N ] 10? > 10° :
Horsanower f‘

4 . et
Eﬂ?’l 6.1 uFAINITNINUATIATIAN UGN U (Laauunﬂnu 1] 2533) [71

4 < [Y) Jdnv ']
aﬁnzﬂn 6.1 w3IrTarTuwaniuuuy propeller nuntasuaifagT 2

Y . W < .- < a
LIeHINIAIERuAULAF JRA 304 Tudeida  ATalTER (1.9%1.15%10 )

[ 4
inNInYy 2185 AaRaANT

4 { ¢ )
6.1.3 T1R1LATAVUANTaIL AN 11u§ﬂn1aiﬁauasnw13aai
o . e - A!Io [
installation factor Aa aauﬂ1n1ﬁnwwua11ﬁwnaQQﬂnimsqu
‘l:’- LR
n1IRand, 131u0e
4 o P IYIN 4 4,
module factor Aa aauﬂsn%ﬁnﬂuuaswaﬂnaegﬂnsmsqugunimﬁaauas

v U ]
nIaaRY, 19U

installation factor = 1.58 (8]

module factor = 2.5 [81
v o 4 S g 4 - < » o
ALY T’lﬁ'\l.ﬁ‘m\iﬂaﬂ‘?ml.ﬂu UTdaT 200 RET NI INARARLEE dRA 204

a 4
TIANTAAAS = (10966.672+2185)%1.58 = 20779.642 AQAAaT
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4 - 4 <4 B Y o 4
71ﬂ7lﬁ7ﬂ~3ﬂﬂﬂ7mlﬁﬂ UTuIRT 200 AaaT NN AUABLAT AAR 304

‘ - ¥ I
'iwqﬂnmthauasn'lwam = (10966.672+2185 %2.5 = 32879.18 AaRAT

6.1.4 fiula 9193u uaz unmua1e  (ladder , handrails and

platform)

d ) [ [T} ar 1
uadIntudinnTanteasian tula T30 URZUNUITY 1a
d B 4 < o [ 4™ 1\ d (3 I: 5 ]
LniaeﬂanﬁmtauTaaaﬁqiﬁ ?qn1uua1191qﬂnimaqna11 n1ddmTumandunnudsun
v Y
A GEIYER I
4 ° o - 1 4 . [ <
@19979N 6.1 uFAINITAMUATIAY HUTR T1731 UATUNUINNTAYLATASUgNTal Al

2 ° J o s ..l 4
Taa1ﬂnw1n1uua11awgﬂnxmaqnawn?uuanauunu (LAARUNITIAYN i 2533) 71

Item | Cost, January, 1990 | Amount for typical tower
Ladder . $0.68/1b 301b / ft of height - !
Platforms and handrails 0.68/1b Tower diameter, R Weight, ib
4 1700
6 2300
8 2800 -
.10 3300

[ < o«
uu1a§e 1100  URALUAT
2 e s ¢
wnunrasuRte = 30%(1100/300) = 110 aus
YRR ' 4 N { o o a
LauuwguanaﬂqnaqLﬁiﬂ@ﬂgﬂﬁ&tﬁu 880 HAAaLuMT
o d [ Y 4 'ﬁv w
Qﬂﬂﬁ?ﬂﬂguﬂuﬁizﬂﬁﬂﬁLﬂuwﬁguﬂﬂaﬂﬁ uazumunTua 1914 Iziady
w o { lg Ao V¥ - (g%
ATTUAASAIIUTNUUG DB IATINIFBINA1UINTARTTAaNWILART AU
Y o ' 4 o W I's
winun = -8.17187 (Lguﬂﬂguﬁﬂaﬂﬂ) + 351.355 (Lﬂuuwguanawa) +
398.833
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":uduﬁ 4 w2 & dlﬁ
Ta8 wINUNUURIg L Hulaus Lauwﬁguanawqunumas u@a

-6.17187(880/300) “+351.355(880/300)

A o o
RIUY UINUNTBITITIIY BRALITURY

+398.833

Fy
1376.3688  taus

Vv 89
LWTsaste 717770989 Tule 71931 URE §IUA

(110+41376.3688)%0.68

1010.7308  @aaa1d
4 “ -, 4
6.2 Ln1a¢auuu¢uuuﬂga1aﬁ;ua

. 4 v a 4 a dw »
ﬁwuﬁinnwwuaiwewLﬁiaeauunquuuﬂ§a1aﬁtua dTurainaainigla
4 a4 o 4 { v
Taa;ﬂsau&naunuswawnaeLnsaeauuﬁquuuu§§1aﬁtua YSua81989  uazly
size exponent, material factor Ny cost index Y
3 4 Py} 4!) ° (4.
material factor aa aauu1n1ﬂ1unw1nﬂwua1wa1naqqﬂnsmnnﬁ

ar 4” 0 L]
awnqaqnaaqnﬁi, 191u28
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Dryers
Mild steel construction

1000 ———— T —r= e
800 f———— = ; . :-:zi
500

- ot Yospar RS {I Y

Cost, $1,000

|- ah=fata
: I } s Sl |l 146

100 00 400 500 800 1000 2000 4000 £000 10000 20000 40000 60000 100000

Perigheral area, ft2 (rotary dryer)
Volume, ftd (fluid bed, spray dryer) = 10

Size exponents: instailation factor: Factors:
Rotary dryer 0.45 1.25-96; avg. 1.64 Rotary to:
Fiuid bed 0.48 Roto-Louvre  1.25
Spray dryer 0.29 Module factor: Vacuum sheif  0.35
Rotary 2.3 Ishelf area)
Fluid, spray 2.7 Materials:
Nickle alloy 127
Brick-lined,

stainless stesl 2.2

< 4 4 v a
gﬂn 6.2 uﬁaqn11n1aua11n1tﬂ1aqauu“quuuﬂ331aitua<ﬂ 2532)C61]

AuNATHLATavaUURE19B e TUTunRT 90 au. va 11ﬂ111n3ﬂﬁ 6.2
tiu 17000 maaand Ferduriannasd 2532

Marshall and Swift installed-equipment indexes i 2532 =
895 ,LAauaninAn 1 2533 = 904 (7]

310 COST 1 = COST 2 (SIZE 1/SIZE 20~ [8]
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nay COST A COST B (CI A/CI BY [61]

11 COST 1 COST B

1}

3z1q  COST A COST 2 (SIZE 1/SIZE 2) (CI A/CI B)

{yd o I's
a8 COST A = 7191gunsmﬂnaaqn11 ,AAAANT
fagdy o ¢
COST B = iﬂﬁwqﬂnimﬂnawqaw ,A88817
I dv . rs
COST 1 = T1A13UNTUIUIATIABINTT ,ABARTT
{ dv  a 4
COST 2 = 71A13UNTAIUIANATIEY ,ABAATT
4 v dv
SIZE 1 = IW1NTA4LATAVAULAINAGINTT = 0.4487 au.un
<4 ¥ ¥ a
SIZE 2 = 3W1A1831ATAIBULNIETINEY , AL Uh
. P YY; YR
CI A = cost index Tuilnhasnis ,1nuaa
. du o« v
CI B = cost index Tuilnansds , 19uuas
3wM@  COST A = 17000%(0.4487/90)° "% %(904/895)
I
= 1348.0215 @aAAT
4 » a,., ¢ s
Al 1A LATBIALNAULINAATAT LU = 1348.0215 ABRAANT
<4 [ T 4 oL
TIATLATAVAUIULLNAATATIUATINAITARAY =  1.65%1348.0215

¢
2224.2355 AaRag

1}

4 EY] PN 4 { a ¥
11ﬂwsﬁiacauuuﬁuuuw§a1aﬁsua 11uqﬂﬂ1mﬂuauazﬂwiaaaq = 2.7%
e
1348.0215 = 3639.8581 AaRAT
4 9] a R -
iwawLﬁiaqauuuquuuwgalaﬂaua N30 FUALLAY ARA 304 974

' a ¥ I
Qﬂﬂ‘iﬂ&ﬁ')ﬂ BAYNITAARY = 2.2%2.7%1348.0215 = B007.2478 RaAKAT

4 <4
6.3 LaTavINIANANATNAY

4 4 <4 douw o <, ] '
Luaw'mm‘:aqwnawnnznaun‘lf(awawmae 5.4-12 w7441 Ul
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S 2 4 4 dd s w v . g o

TunTeuun1TWaGTE LATAY I NI AIANRENBUNNN 1A SUAE 11N MURTIATINTH
4 4 da . o v ﬁ o <4 .

LATANINIANANALZNAUNENNAY 5.4 UWTINT LUunan "'\ﬂzﬂﬂ 8.3 dWI1TANINUA

4 4 Ju v
TIATLATAYILNIAIANALNALNABINITIA

-
[=]
>

) ‘
[-3
n' t
g Sharp! o !
3 R sheries swser 0.1} |
g , of // .
: W B |
g L1 nﬂ A~ 3
2 1ot

P

A
v
-

1
v (1

A Bird solld bowl, 4
» ?é/, Bird sotld bowl, carbon steel ]
P
/\ ATM suspended baskel, staintess | |

Ak S

ol [T

Jan. 1990
1.0 10 o

&

'

|
10 |
|

o

Driver, hp

< . 4 <
Zﬂﬂ 6.3 UAAINITNIMUATIATNLATAILNIBIANALNB (laﬂuﬂﬂ‘ﬂﬂﬂ ﬂ 2533)L7]

L 4 4 .
AYURTIANTAYLATAIINIBIANALNAUNNIIN FURLLAF #Aa = 25000
{
AAART
installation factor = 1.54 [6]
podule factor = 2.0 (6]
Y 4 4 .
A%UY  TIRTILATAYINIAYANASNAULUY solid-bowl ni3nduaniad
a ¥ '
dRa TIN1TARRY = 1.54%25000 = 38500 ABARATT
4 4 .
T1R7LAT89 L RI89ANAENAULYY solid-bowl NI nduAnlRd

I'4 LY H '
ana 11uqﬂn1mﬂ1auazn11uaa« = 2.0%25000 = 50000 AAA’1T
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6.4 MANAYW

Py ) 4 Y e v I'q - d
n'l'n]'ISl"uT'lﬂ']ﬂﬂ"“ﬂauaslﬂﬂqn\""“uauu'lguﬂﬂa'l\‘ﬂ\,“anaun
v o d v, 4 v ¢
fKaIN1T ’i'lnﬂaﬂaufl‘lan"ln'\‘!aaﬂuﬂuulﬁu&l'lﬂuaﬂa'l\l 0.1147 48T (4.5157

X . - o - 4
1) uﬁiagau1utnauuﬁ1wn1navuanaua1n01wdEUn 6.4

10
— Bubble-plate towers
— Stainiess steel
Copper ——\ v
"é. Carbon steel | W\/Z i
2 WY A |
St g1 Steel shell, stainless-steel traysH
.8 77 Sieve tray towers i
- - -Turbogrid tray towers ‘
a 4 / l
: 47 J
S
o @i, / s 4\‘ Packed towers t
§ L NN GiassHined steel
o /1 j\ N Stainless steel
210 ~— Haveg
s Carbon stee!
9 y
8
o
Jan. 1990
10? 111
10 10? 10° 104

Diameter, in.

d o 4 ' 4 J [
;ﬂh’l 6.4 nnﬂudmmwiuuunna«Lguu'lguanawnawnaunuﬂm

CupauunTIay 1 2533)C73

P PS 2 PR I'4 & dov,
awnzﬂn 8.4 WINTAILNUIN ﬂ1qLﬁuuﬁguanaﬁqna¢uanaun1an1
Y o »
n17aanuuu111uaE1uﬂ1qnnen11dn111aa¢nw1
¢ . 4 < o
nn51ETUTun TAaNI L RET it curve LWanIFuN1 TN LAGY
- 4” L) < 08
nuzun11ﬂnaaqn11 JzLaangun17w111Tua1 (parabola) uzﬂuuudunwiaQu
Y = A+(Bkb)+(CK™)

4 ' 4
Lya A,B,C = AIAINIAIRUNITUITITURN
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o
n

o
"

' { -4
t?uuwguana1e, 68

< ¢
TR INANAU, RABART

4 2, 1o a 4 » w s
tiatananTL daunTd Tau1§gawau11n3ﬂn 8.4 3lanTidavra iy

0%,

1.801

1.60 4

1.46 -

1.20

1.00 4

0.89 -

0.60 -

0,40 -

w { ' [ ¢ o w
ﬂ'f']ldllﬁﬁ\!ﬂ']'l"auuuﬂﬂ‘l lauﬂ'lﬁuﬂﬂa"I\inﬂ‘l“aﬂauﬂlﬁ'lﬂ'l

4, v o .
Ma3nn19in fit curve (1AauuATIAY 1 2533)

4 . N
dun17n1a37n1TM1 curve fitting Ae

Y = (1001.43) + (82.5134%t) + (0.8943%t™)

125




d 0 oy ¢ 4. v - ¥ < } 4
tuaﬂﬂLduu1§uanaquﬂwu1u1aaﬂnu1na 5.1.5.1 A2 4.5157 W)

unuA1aslugNnT IT1h

(1001.43) + (B82.5134%4.5157) + (0.8943%4.5157")

<
"

1392.27 Aaaand

vg o A, v £

AVLE T1AManauntafa 1392.27 AAAAT AR 1 NIA
I3 4, v . o v d <
FuneniaINnITRIWIATERIIaN 5.1.5 A2 16 01A

LWTIEaLiY TIATNAINANAY = 16%1392.27 = 22276.32 aaaawé

a0 4
6.5 fnvinu (storage tank)
] ‘ . - ‘ ‘
6.5.1 neLnunaﬁuduﬂ13awnn11n1ﬂ§n?aﬂ1utn1n¢ﬂ§n1ﬂtﬂ§

Y ‘ual’ o o d 4 < [ . W
nqtnunquaaquu1u1a1twaﬂuanazu11inaquduﬂ1nta1aquan1mtau1a
~ > < ' o 4 H 4 4
9 4 ATY  ABNAANIT 800 AAT  1uav3INIugINLIAT 24 iaTusuu LAg8Y
Py & aba o4 4 o d v y ¥
UnTaL AT IUARAALIAT  HALATAYIMIBIAEAENANANSLWEY 9 HaTuv LNy
- 2 ; 4 4 4 . Y 4 '
autiulug2912a1 15 #2rTnentaTasindasanasnanialanieuny ¥n1TataLnaag
4 Py { o4 w» v & o H 1q} '
wadAnLATAVUgNTALAN L I TuNILAUNY 4 ATY  Taaluuntianainzaswduaan
Y [ g Y] ‘,u gu” ) [Y} '3 8
IMANAULAE  HanIINBTUASLNLAWEIRASHTUNANIY  AMTUN DB INFNTN TS
318148
o < Ve W o 'y ﬁu
nqtnugnannuuu1wnwauadunutad d4R8 304 anw@y | UvaInTIngeuan
» { "!’ G’l’ 4 [ ] -~
Lﬂuuwguﬂnaﬁq 3 Qa 8 W gq 3 Qa 2.4 u2 Wfuwenou 1 aw  UTNIRT 830

FaTuiadTeuna 230 unaaaw
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10°1
Autoclaves :
—Stainless steel -
Glass-lined | N 5 HTl-
108 Carbon steel A T
g = = -
] S—="1 >
g L e “
3] - e 1 4
g //(' 2111
£ K] Mixing tank with agitat
i1 N of |
5 L ///K:\L:m stainless steo| | | 1 i
10° 2 < Carbon steel vTJ,—! [
Z 1< mmcmiﬂgwﬁmiﬁﬁﬁél )
€t H b} |
E 304 stainless slee) storage tank t
/ L H L 1Ll -
= i |
/ R LR B
. A Storage tank — carbon steel 1
i |
100 __ Jan. 1990}| -
107 Va2 W 10° 108
Capacity, gal »

4 . - 3 ar ‘dd [ X
zﬂn 8.6 udacn11n1uua1wa1ncLnnuaznqLnunu?ﬂﬂan1u1uﬂ1¢ﬂ1u1a1

100-100000 unAaaw (LaauunTiAK 1 2533)

310 installation factor = 1.58

module factor = 2.5

i o 3 ¥ o
AYUK  TIAMNLNY YTuaT 830 aRT N1 NAUALLAF AR 304 wiay

quanay = 7500  Aaaald

- B ey a o v
F18091ny Y8167 830 AT VERLETT: YT ﬁﬁ'a 304 wiau

1ulianIu TINNITAAAY = 1.58%7500 = 11850 aRARNT

P a o
7181891 ABUTNIAT 830 aRT NI INAUAULAT dfa 304 wian

- { a 5 {
Tuwanaw 71"%1‘“7“&')5“33“'\7ﬂﬂﬂ\3 = 2.5%7500 = 18750 aaaalT
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- €& 4 <4
6.5.2 QVLNUNANLNAIIINLATANINIANANASAEY

AIWIMLTNANTN CHC UTENa 41.4 % ClEIINNITNAREY)

AR IUURIBNARILNAD
= (RIIUMULDAVTATITHTWLER + ATINMUALLLTAE) /2
= (0.7854+1.0000)/2
= 0.8972 niu/au.fu.

= 0.8972 nn./AAT

o 4 <
aATINITIANNANLYRAIAANINNIATANINIASANAL DAY

5C195-(7.8%0.414/0.8972)1/9

106.334 aa1/82Tus

ar » .:4. g
aa1wnw11ua3803801na1tn1§uanaunn1q1uﬂaaa 24 H97u9

948.918/9

39.53825 aa3/#2Tuy

106.334-39.53825

' H o &
gty 1 §9TuvesNnavinaruieinu
= 66.79575 aAT

66.79575%9

Vv ] N
aatiunnt a7ty 9 FaTue IsnzavinaTully

601.16175 AT

v 5w 2 Mo a4 ,q ' P V.
ANBUNY L NUURBINUTHIRTHNINNT 801.18175 RET gnaanuuu1un1
] o (
30 Fuauiad §A8 304 3u11qtﬂun1cnisuan tﬁuuﬂguanaﬂq 3 Qa ge 3 Qn

-4 <
2.52 ¥7 U187 612.715 RAT(170 UNARBW)
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<4 v & a Py ¢
awnzﬂn 6.8 T18°09L0U  UTNHIRT B12.715 amd = 3000 AaART
installaion factor = 1.88 (61
stainless steel factor = 2.0 8l
vg wdda < Qg
AYUUTIADILAUNNIIINFUAULAT &RA 304 FIUNTV1TAARY = 3000 *

1.88%2.0 = 11280 @aaand

» & 41v 4 4
6.5.3 avitny CHC nla’lMNLATRILNIAIANASNAY

w ' 4 <
anTInITaNgInaas CMC aanlniaTadinaIanasnan

L(5%7.8/1.59)+(5%7.8%0.414/0.8972)1/9

4.725 BRT/HITHS

4 e RIS e W 4 » ﬂ - .
Lua93In  CMC IMAILNUUIANUIL T ATAIBUUNL uanaaura 'y
d lly. ; ﬂ / vgv ‘Hlld
Lﬁiaqauuuquaznw¢1uqn 9 1 #2749 1dui2a1 9 Waius ANUUD L NUUAR Y
a 4 = 4 4 .
UTHIRTUINWANIZLAY CHC 3NLATASIWIaIaNaEnanin 1 FrTuy
a 4 4 :
YFu1RF CMC 3INLATASLNIEIANALNALTIY 1 F2INY = 4.725 ARS
b7
o W a o W ) 4
AU INTINTEUBA NG IBFUAULAR FBA 304 ﬁtiuuﬂQuanawq

6 U2 g4 1 um 4.3 W3 134987 7.2084 AT wializutm 2 WNAaAau

size exponent = 0.710 [61
o < - d v
1929391812890 9 4 NUTUER 6.5.2
- B v 2 ¥ 0.71 4
ANUUTIATIRAINILAUY = 3000(2/7170) = 128.0070 &aa’T
- 3 =y - o 4
TIRNGLAY UTHIRT  43.2505 ART NI INFUAULAN FAR 304

- o 4
FAINV1TIRRAS = 1.88%2,0%128.0070 = 481.3064 fd’aa1g
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w & Qd.w -
8.5.4 nvrnuiaidiwiwrvaantainniinau

4 \ - 4 Lu
tdadamntudinnTantaaTinisivanastaldiwiwinaaaanaannanauia

o - ‘.'r e X ) -~
e nEasIn1TInaaaniinnanauaastaTdIviwiuaa  Na 11l IuBATINATING

LImananaaslaTdTWIWILaA

29.53825 aa5/727us

iasﬂnﬁ71wanaena¢Lﬂaasﬁﬁénanﬁu

189.7836 an7/4.8 F2Tu9

- v o 3 4 I a

aasnnwsnﬂatniaiﬁiuiw1uaasnwgnnsaqﬂansmtaﬂ = 156 ART/4.8
FERETE

uz - u‘ [ )

aouuty 4.8 TaTueitaToTwswuaatuissnutniiu= 189.7836-1586
= 33,7836 AAT

y - & .o

I 24 §2Tue WtaTdTuTwinaatudeinilus iy 33.7836424/4.8 =
168.918 AR

(v gv - 4 - ,

FeluumasnilTuaT i BaswanIz L nula T8 TwTwuaaly 24 7289 A8

Y

168.918 a&T

) 4 v Y w g -

nqLnngnaanuuu1uLﬁunqnianszuan Lauuwguanawe 2 qﬁ g« 2 QB
1.53 #2 134789 180.2103 AR5 (50 WARAAW) NIINFUALLAF FRA 304

[y Way < @ @ YV

nuuaTIAIaglgaFLeaAUNLTe 6.5.2

.,3 & cd b1 0.71 {

ASURTIATAINSLALUTUN = 3000(50/170) = 1258.2824 @2AAT

w & < < o
TIR09L0  UFNIRT 180.2103 ART NIIINRUAULAR F8a 304

a o 4
FAINI1TARAY = 1.8B8%2.0%1258.2624 = 4731.0667 9aRa1T
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' v 'S 4 ' -
1fnaudauiad dAa 304 LUl IfUANATY 0.5 U1 AIWB1IMATINTY

ATEUIUNITHARTABUTENMATIY q 32.095 un

Fipe, ripeiines
Mild stee!

Pipe, $/11; Pipeline Installed cost, $/11,

Pipe size, in.
Size exponent; Faciorr
Pipehnes  0.99 304 stainiess, schedule 105
Bare pipe 2.05
Treced, insulated 34
Friuings 18
Valves 84

4 - .
zﬂﬂ 6.7 UWHANNITAIMMUATIAING (ﬂ 2532) (71

- i - o .
#317@1 natUaaa  (bare pipe) 1390 Auaniad A 304,

o 1 ' X {
schedule 10s T1A1LAUNE Lﬁuuﬂﬁuanaﬂq 5 w2 (1wl 2532) 20 Uaua /A

e |



- o a v, 4 X
AYUR  TIAINTTIAWNE lguﬂ1ﬁuﬂﬂﬂﬁﬁ 0.5 W1

0.00 I's
= 20%(0.5/5) %(904/895) = 2.067 aaaa11/§a

' d a
a1ﬁuaw111unaqnan1ﬂ1un1su1unﬂ1uaa = 32.095 Qﬂ
2.067%32.095

v v
RN T9RTM 1T BunafimualuATELIMN 1 THAR
{
67.3404 AAARIT

¢
6.7 1Ma7

it t (4 -4
1§aw57ﬂvzgu1 (gate valve) Ldus1dugnaty 0.5 w1 funTEudy

/4 ¢
nTeaR 7 1137l

o T T -

T i ROW ) N

T1L  —
S

100

%~ Stainless steel
Gate

L 1.
i \\ Carbon steel
\\ 300-1b rating
N T Globe
100 N\ Gate
‘ Check
LI

L

:

VAV A

7 T
- - 2/ 11 150-1b rating
Globe
K]} Check
V1 Gate

S\ \\\ A\
“ Y

t\l\ 25-1b rating
Globe
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Pumps. Centrifugal
Cast iron, horizontal, incluges motor, coupling, base
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Program Project( input.output};

Uses crt,printer;

Const P = 101.3: -
Type DataRec = Record

Temp : integer;

Hs : Real,;

Dryt : integer:

H : Real:
End:

Var temp.Dry_temp : Integer:

Pis.Hs ,H.V,CH.ha,I.RH.Temp_RH : Real:

e Parts Of FunClion ==-=c-eemmmec e e e e ]
{1} Function Iso_Sat_P (t : Integer): Real:
Const A = 8§.87829:
B = 2010.320:
C = 252.636:
Begin
Iso_Sat_P := 0.1332894 2 (exp(intl10) 2 (A - (B/(C+1))))):
End;
{2} Function Sat_abs_Humidity (Pis_inp : Real): Real:

Begin
Sat_Abs_Humidity :!= 2.0748 * (Pis_inp/(P-Pis_inp});

End;
Function Abs_Humidity (RH_inp : Real; Pis_inp : Real) : Real;
Begzin
Abs_Humidity := 2,0748 * ((RH_inp+Pis_inp)/(P-(RH_inp¥Pis_inp))):
End:
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{3}

Function Specific_Volume (t : integer: H_inp ! Real) : Real;
Const R = 8,31;
Ma = 285.964:
Var tabs : Real:
Begin
tabs := t 4+ 273.135:
Specific_Volume := (R / Ma) * (tabs/P) * (1 + (0.4819 * H_inp));

End;
{6} Function Humid_heat (H_inp : Real) : Real;
Begin "
Humid_heat = 1.006 + (1.349 * H_inp);
End;
{7} Function Enthalpy(t :@ integer: H_inp : Real) : Real; . .
Begin »
Enthalpy := (1.006 * t) + ((2.424 + 568.690) * H_inp); .
End;
!
{8} Function Wet_Bulk_temp(tw_inp:integer;t_inp:integer;Hw_inp:real):Real;
Const ri = 789.1619; ’
pa = 1.2928;
kg_hc = 0.4382;
Begin
Wet_Bulk_temp := Hw_inp —~ ((t_inp-tw_inp)/(ri*kg_hctpa));
End:
{ End Parts Of Function }
Begin {Main}
clrscr;
{Writein(’ - ')}
{writelni®  t Pis  Hs RH H v CH h 5 l
{Writelnt’(celcius) (KPa) (Kg water (%) (Kg water (m~3/Kg) (KJ/ (KJ/Kg)');} l
{Writelnt’ /Kg dry air) /Kg dry air) Kg dry air c) "33} i
{Writeln(’ '3} ’

For temp := 0 to 80 DO
Begin
Pis := Isou_Sat_P(temp):
Hs := Sat_Abs_Humidity(Pis};

{Write(’ T,téemp:3.t " L,Pis:9:4.Hs:9:4):]
RH := 0.9:

While RH > 0 DO

Begin

Temp_RH := RH * 100:
H := Abs_Humidity (RH.Pis);
v
CH := Humid_heat (H);
ha := Enthalpy(temp.H):
if RH = 0.9 then
Begin
{Write(" ‘.Temp RH:2:0,H:10:4.° TLVi10:4.CHI10:4, *LheStdg
{Writeln;}
End

Specific_Volume(Dry_temp.H):

n
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else Begin

{Write(' ")
{¥riteln(Temp_RH:2:0,H:10:4," 'L,V:10:4,CH:10:4, " *.h:8:34)51
End:
RH := RH - 0.1;
End;

End;
{¥riteln(’
{Writeln;}
{Writeln;}
Writeln(' ')
Writeln(® T Hs Dry I ')
Writeln('(celcius) (Kg water/ t ")
Writeln(® Kg dry air) )
Writeln(’ ')

For

temp := 0 to 80 DO

Begin

Pis := Iso_Sat_P{temp);
Hs := Sat_Abs_Humidity(Pis);
Dry_temp := temp + l;

Write(® ',temp:3,’ ")
While Dry_temp < 81 DO
Begin

I := Wet_Bulk_temp(temp,Dry_temp,Hs);

IF Dry_temp = temp + 1 then
Writeln(Hs:9:4,"°

Else

. Writeln(’ ‘L,Hs:9:4,°

Dry_temp := Dry_temp + 1;
End: {While}

End; { For}

Writeln(’

End.

*,Dry_temp:3,"’ ',1:10:4)

',Dry_temp:3.’

‘)i

'L,I1:10:4);

")}
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McCABE-THIELE Diagram for Isopropanal-
Water

4 Mole Fraction in vapour
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Program Calulate_Cost_of _Process_for_CMC;

Uses Crts

Reals;

Var input
Ch : Char;

Quit : Booleans

Function ReadInt(Prompt : String) : Integers;

var
IntStr = strings;
IntIn, Result : Words
Begin
Repeat
Write(Prompt);
Readin(IntStr);

val(IntStr, IntIn, Result);

if Result <> 0 then

Writeln(’

Until Result = 03

ReadInt := IntIns;
End;

Invalid numerical format?’)s

Function ReadReal(Prompt : String) : Real;

var
RealStr ¢ strings
Result : Word;
Realln

Begin

Reals

Repeat
Write(Prompt);
Readln(RealStr);

Val(RealStr, RealIn, Result);

if Result <> 0 then
¥Writeln(’
Until Result = 03
ReadReal := Realln;
End;

Invalid numerical format’);
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Function Power(x,n : Real) : Reals;
Begin
if (x = 0) then power :=
else
Power := Exp(n¥ln{(x));
End;

Procedure Reactors

Function Purchase(Wr : Real) : Real;
Begin

Purchase == 196.12203%powver(Wr,0.66);
End;

Begin
Clrscers

WriteLn(  ———e— e e e

WriteLn(? Purchase Cost of Reactor?);

WriteLn(? —m e e e e

WriteLn:

input := ReadReal(’Enter Weight of Reactor to cal. (Pounds)

WriteLn(’Purchase Cost of is : $’,Purchase(input):0:4);

WriteLns
¥rite(’Press any key to continue...’);
Ch 2= ReadXey:

End;

Procedure Agitators

Function Purchase(HP: Real) : Reals;

Begin

if (HP >=1.0) and (HP <{=3.0) then
Purchase := 3000%2.5%Power (HP/6,0.42)
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else
if (HP > 3.0) and (HP <¢(=100.0) then
Purchase := 3000%2.5%Power(HP/6,0.51);

End;

Begin
Clrscrs
WriteLn(’ —-eem oo e s
WriteLn(’ Purchase Cost of Propeller Agitator?’)s;
Writeln (e e
WriteLn;

input := ReadReal(’Enter Power of Agitator to cal. (HP.) : *);
WriteLn(’Purchase Cost of is : $”,Purchase(input):0:4);
WriteLn;
Write(’Press any key to continue...”);
Ch := ReadKey;

End;

Procedure Installed_Reactors;
Var p,w : reals
Function Cost(var HP,Weight: Real) : Reals;

Begin

if (HP >=1.0) and (HP ¢=3.0) then :
Cost == (196.12203%Power(w,0.66)) + (3000%2.5%Power(HP/6,0.42))
else
if (HP > 3.0) and (HP ¢=100.0) then
Cost == (1986.12203%Power(w,0.68)) + (3000%2.5%Power(HP/6,0.51));

End;

Begin
Clrsers;
WriteLn(? —— e e ’)s
WriteLn(’Installed Cost of Reactor include supporting equipments®);
WEibeLn (? oo S )



WriteLn;
w := ReadReal(’Enter Weight of Reactor (Pounds) : ”);
p := ReadReal(’Enter Power of Agitator (HP.):’);
writeLn(’Installed Cost of Reactor include supporting equipments is :
$?,Cost(p,w)z0z4);
WriteLn;
Write(’Press any key to continue...?)s
Ch := ReadKey;
Ends;

Procedure Platform_and_Handrailss
Function Installed(Dia : Real):Reals;

Begin
Installed == -(4.1968716%Power(Din,2)) + (238.9214%Dia) + 271.20644;

End;

Begin
Clrscr;
Writeln (e o e o e ’)s
WriteLn(’® Purchase Cost of Platform and Handrails i
WriteLn (= mmm o o e e )3
WriteLn;

Input 3= ReadReal(’Enter Diameter of Reactor to cal. (foots) : ")
WriteLn(’Purchase Cost of Platform and Handrails is : $,Installed(input):0:
WriteLn;
Write(’Press any key to continue...’)3
Ch := ReadKeys
End;

Procedure Ladders;
Function Installed(High : Real):Real;

Begin
Installed := 20.4%Highs
Ends
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Ends;

Clrsecr;

WriteLn(? - e oo e e
WriteLn(? Purchase Cost of Ladder

WriteLn(’ ———-—me e e e e
WriteLns;

Input := ReadReal(’Enter Height of Ladder to cal. (foots) : ”);
WriteLn(’Purchase Cost of Ladder is : $’,Installed(input):0:4);
WriteLns;

Write(’Press any key to continue...’);

Ch := ReadKeys

Procedure Fluidize_Bed;

Function Installed (Size = Real) : Real;

Begin

Installed == 5347.1834%Power(Size,0.48)

End;

Begin
Clrser;
WriteLn(? ——ommm oo e )3
WriteLn(’ Installed Cost of Fluidize-Beds;’)s
Writeln (? =c- o mm oo e - "3
¥WriteLn(? 3 g

Ends

input := ReadReal(’Enter Size of Fluidize-Bed to cal. (ft) = *);
WriteLn(’Installed Cost of is : $°,Installed(input):0:4);
WriteLn;

Write(’Press any key to continue...”);

Ch := ReadKeys;

Procedure Solid_bowl;

Function Installed (HP : Real) : Reals

1686
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Begin
Installed := 18153.483%Power(HP,0.87)

End;

Begin
Clrsers
WriteLn(?—-—e-c e e ")s
WriteLn(’? Installed Cost of Solid_bowl Centrifuge’);
WriteLn(”——-—mm e e ’)s
WriteLns

input := ReadReal(’Enter HP of Solid_bowl Centrifuge to cal. = *);
WriteLn(’Installed Cost of is = 8’,Installed(input):0:4);
Writeln;
¥Write(’Press any key to continue...”’);
Ch := ReadKey;
Ends

Procedure Agitated_Tank;
Function Installed (Vol: Real) : Reals;
Begin
Installed == 1050.2327%Power(Vol,0.53)

End;

Begin
Clrscrs
WriteLn(  —=—c e e ’s
WriteLn(’ Installed Cost of Agitated _Tank’);
WriteLn(? - e e e e s
WriteLns;

input := ReadReal(’Enter volume of Agitated_Tank to cal.(Gallon): ?);
WriteLn(’Installed Cost of is : $’,Installed(input):0:4);

WriteLn;

Write(’Press any key to continue...”);

Ch := ReadKeys

Ends
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Procedure Tank;
Function Installed (Vol: Real) : Reals;

Begin

Ends;

Installed == 10152%Power(Vol/170,0.71)

Begin

End:

Clrsers

WriteLn (?—mem oo e e *)
WriteLn(’ Installed Cost of Tank )3

WriteLn (? == e e e ?)
WriteLns

input := ReadReal(’Enter volume of Tank to cal.(Gallon): ’);
WriteLn(’Installed Cost of is : $’,Installed(input):0:4);
WriteLns

Write(’Press any key to continue...”);

Ch := ReadKeys

Procedure Bubble_Trap_Tower;

Function Installed (inch = Real) : Real;

Begin

Installed <= 1001.43+(B82.513%inch)+(0.B89424T#Power(inch,2));

Ends

Begin
Clrsers;
WE At eLn (? oo oo oo o m o e s )
WriteLn(’ Installed Cost of Bubble Trap Tower’);
L ) B L G e s
WriteLns;

input := ReadReal (’Enter Diameter of Tower to cal. (inchs): ");
WriteLn(’Installed Cost of is : 8$”,Installed(input):z0:4);
WriteLns

Write(’Press any key to continue...’)s
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End;

Ch := ReadKey;

Procedure PipelLines;

Var 1
Funct

Begin

End;

Begin

Ends

,d 2 reals;
ion Cost (Diameter,Length : Real ) : Real;

Cost := 20%Length*Power(Diameter/5,0.99)%(904/835);

Clrser;

WriteLn(’ - e e e O H
WriteLn(? Cost of Pipe Line”);

Writeln(? ——ee e m o e e e - s
WriteLn;

(13
-

-
.

:= ReadReal (’Enter Diameter of Pipe (inch)
:= ReadReal (’Enter Length of Pipe (ft.)
WriteLn(’Cost of Pipe Line is : $’,Cost(d,1):0:24);

(1)
-
-
s

WriteLns
¥Write(’Press any key to continue...’);
Ch := ReadKeys

Procedure Valve:

Function Purchase (Di 2 Real ) : Reals;

Begin

Ends;

Purchase := 200%Power(Di/0.8, )3

Begin

Clrsers;
L R B Y G L E e L P R P R e ’)s
WriteLn¢? Purchase Cost of Valve’)s

Wit eLn (e e e e e e e



WriteLns
input := ReadReal(’Enter Diameter of Valve (inch) z ”);
WriteLn(’Purchase Cost of Valve is : $’,Purchase(input):0:4);
WriteLns
Write(’Press any key to continue...’);
Ch := ReadKeys
End;
Procedure Punps
Function Installed (Hp = Real ) : Reals
Begin
Installed == 2.05%12000%Power (HP/8,0.79)%(904/895);
End;

Begin
Clrsers;
Writeln(? -—mm o m e e e e s
WriteLn(’ Installed Cost of Centrifugal Pump’);
Fiteln (P2 Povoweed PN 17 - 75950 -\1-A5- Bomorel 5% - -5 3- 4§ -
Writeln;
input := ReadReal(’Enter Diameter of Power (HP) : ”);
WriteLn(’Installed Cost of Centrifugal Pump is : 8’,Installed(input):0:4);
WriteLns;
Write(’Press any key to continue...’)s
th := ReadKeys

End;

Procedure Menus

Var Ch : Char;

Begin
Clrsers
¥riteLn(’Menu Command to Calculate’)s;
¥WriteLn:
WriteLn(’ 0. Installed Cost of Pump’)s
WriteLn(®> 1. Purchase Cost of Reactor”);

WriteLn(’> 2. Purchase Cost of Propeller Agitator’);
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oW

WriteLn(’
WriteLn(® 4.
WriteLn(’ 5.
WriteLn(’ 8.
WriteLn(’ 7.
WriteLn(’ 8.
WriteLn(’ 9.
WriteLns;

WriteLn(’ A.
WriteLn(’ B.
WriteLn(® C.
WriteLns

¥WriteLn(’ Q.

WriteLns;

. Installed

Purchase
Purchase
Installed
Installed
Installed
Installed

Installed
Installed

Installed

Quit?);

Cost,
Cost,
Cost,
Cost
Cost
Cost
Cost

Cost
Cost,
Cost

of
of
of
of
of
of
of

of
of

Write (’Select Command => ?);

Repeat

Ch := Upcase(Readkey);
until (Ch in C?0%..%9%,%4%,’B?,%C?,%Q%1);

Clrscr;
Case Ch of

’0’ : Punmp;

’1” : Reactors
*2° : Agitator;
’3” : Installed_Reactor;
47
’5° : Ladder;
'8’ : Fluidize_Beds
’7° : Solid_bowls
’g? : Agitated_Tank;
’9% : Tanks
A’ : Bubble_Trap_Towers;
’B’ : Pipelines
’C? : Valves
’Q’  : Quit:= True;
End;

Platform_and_Handrailss
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Reactor’y;

Platform and Handrails”);
Ladder’)s;

Fluidize-Bed’);
Solid-bowl Centrifuge’);
Agitated Tank’);

Tank’);

Bubble Trap Tower’);
Cost of Pipe Line’);
Purchase Cost of Gate Valve ")



Ends

Begin
Quit := Falses;
ClrSers;
Repeat,
Menu;
Until Quits;
End.
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