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L Sl gl
.Qu@‘é)\@b%)bbﬁyrﬁytw
N

Lo

-

ol oo a1 e 4 Olgr 3 4T o

! sl ) 90
i“”‘°3)§"’\"‘b‘:>"‘)“)r;‘“,“”"ss_§‘pfu‘b,}h"

.Jf@ééj‘)()"-jfrﬁ‘*f(s‘w w23k
s E151
ST ol w15 0T o p o 4T as T i)

Ll ol Oloj CiIE L 0T (sla Lite &7 ot 1IN el

S i 0oy S L 0T (gla ke oS ot T 31N L B ol
A5 O

1ok 4iilge Olllae L (S 4iwd
ui;f\jl.:dja.ﬁ
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Mass & Energy Balance |

W19 99 (S s (v 3

TS g 5 S e
A
80%

ZAa)LaLg\J{VM' - J?MJ\}&

mA in - A out = accumulation
nA in Ny out A acc
35 dal s _0 _ ) LA e S Sk
> = nA acc 0 M, cumutation = 0 ’ o " ; ;

CH,0 Slrpre I il

mH20 in o mHZO mHZO acc

nHzo in - nHZO = nH20 acc
W19 b of yoit (S s (w3
ABC
V4

. A o)b&\jw‘ -~ J?MJBA
mA in - mA out + mA generation - mA consumption - mA acc
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Mass & Energy Balance |

Y Arﬁ mA consumption 3| s 5 gAd § Arf mA generation 3| y¢be: S

AL (o
L5 Ol o NS sk

In —out + gen—cons = acc

=S o Jos i e 4 5 G B sl ol

\)Mﬁ}&»&&fd.‘vd»\:w}}m‘)}w| aCCZOOJ‘NJ‘%Qw)J:;x
=5 o 2 5 (steady state)

#2315 ) Ssline Jglows £ 5 55 & Lo 95 3 b3 NgOH 25 JS8 0 4ol 1 Jle
J.._..wau\)fjf H20 E) NaOH Cﬁ&j&ow.‘a}bub)bm

=9
mHZO out :
=7
NaOH out
e
:NaOH a:b&‘jwdf &) 40
mNaOH in - mNaOH out + mNaOH gen - HqNaOH cons = O
mNaOH out = mNaOH in = 1OX08 + 15X03 = 125kg
: H,0 ... Sl e J > 45150

m . —m +m m
H,0 in H>0 out H,0 gen H,O0 cons

=y o, =10x02+15%0.7 =12.5kg

mH20 out
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Mass & Energy Balance |
oo 38 (abesd ST S £l

Slgma A3 51 g5 ol 53k s om b Lol o Y puamen 5 0k 515 Lol ad gl 3l go gy
Lgh o Ol (23 Do 4 (o 9 83008

e 0 dliladly s 5b A 5 Juamen U oS (0 oo 5 oS (0 3005 15 4l ol se T dogub
5 2 S e

22 p o Pl Lk (gl B e Sl g g 3505 0T 5 plal e 5l g ¢ Al gy doud

J...I:bo.)..&rwMT}S:&GAC)B&)J}W‘gw@@?ﬁM
PO Al 9 S Jle dde

S g Uy s IS 5 O3S 5 S e 25 S5 e Jlhe

2 K8
_%7 =9
C = e C out :
ke ?
02 = 0, out o
:C osle (gl 5 V;m""dj" 4l g0
mC in Mec o + mC (gen—cons) =0
W o= =2k
:>mC out _mC in _2sec
Pl 0SSl S et
. _ kg
m02 out 3 sec
PSS e Sl
= ' = — gk
total in mtotal out O = mtotal out 3 + 2 = 5 o
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Mass & Energy Balance |

Moy 1 s 2 S e ol 55 5 05085 00 S s 5 sl e (D) Jlie IS 550y JUo
Ny

N

PSS s 6l g J g 45150

nC in _nC out +nC gen _nc cons = O
2000 . ,
=>"—-n =0 =n.,, =166.67%%
12 C out sec

Dag s D g et 4 55 058 Sl U sp (S e J g e

=n =m=93.75%j€

n = .
0, out 0, in 32

1358 o tlous 25 Sy ge b (s Sl dpe IS

5 =166.67 +93.75 = 260.42 422

total in total out

A e IS Glp 5 5 el Gl b (o SIS i ) (s e 25 JSE s Jle

2 ke
C sec a

3k
02 see

55




Mass & Energy Balance |

N
Dsh glalid oS Bld 4y 2STs bl 550 o plonil (gloand (2S5 (55

2000 _, o 166.67
12

=166.67

_3000 _ 93952375 9375
32 1

I’l02

g dal g O 5nS |odlS 3 gdoes 03le

lgmole O, 1gmole C | 12gr C

C... =3000gr O, x =1125gr

o l6gr O, ' lgmole O, l1gmole C

1gmole O, 1gmole CO,, 44gr C
l6gr O, lgmole O, ' 1gmole C

co, . =3000gr O,x =4125gr

2 g

oS 03l Sl g I 45l

no, =00 _ 9375 = 212 93 75
P32 1

:Ok&\asué\ﬁwdfdj\y
=0

mOZin - m020ut + mOden -

m02 cons

Kg
sec

:>3—n'1020m+0—3=0:> n'zozm =0

:&;M\‘sza:b‘s\ﬁwdydj\y

mCOZin - mCOzout + mCOzgen B mC02cons - O

= 0Tty py +4125-0=0= 11, = 41255

sec
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Mass & Energy Balance |

@-3_)5-)533)5)3bJjj;\_}.‘g—\@-)_)5-)éb})jb\yébd}ﬁ&‘u\;ﬁ(?))gj\ﬁﬁja:iJU;D

. N
gmole in  gmole out
C: 166.67 5=72091
O,: 93.75 0
co,: 0 425 =93.75
total :  260.42 166.67
S dloa |y ST s 5 5 (63555 pole s Jge sl B) Jis j5i0 Jlo
gmole in gmole out
C: 166.67 5+ 45 =166.67
O : 93.75x2=187.5 2x42 =187.5
total : 354.17 354.17

D3k B sl Jls s

256230305 08 IS 5 3 3lsm S Jge b s o o kS GBS AT &S (635050 50 )

Ll a2

Sobes o5 2 IS b 82505 JS o o2k 8l o GBI pland S5 457 (635050 5

.-U)‘-U&j‘.wﬁ(ﬂ45);))#45@)#)65})})33‘}6&)@‘

J}.as\.,\a?s}&clqd\r.a&w&f\jSéaj\jﬁjs&sﬁwfpt.oéj)djlyd.gdtg_-—\‘

S s Gl e S ol b 63555 sla Jse JS 5w 35 5 s 5 5 (83555 ,ols
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Mass & Energy Balance |

S 3 22 018 o551 50 Calgsl ar o T Sles 5o 1) ST Ligy YE 5158 iy Yo Shides
16l 3 5515 3 sl oole g JolS Gl

Tl okl ) 0 S Ly L 5 O5emS | i gy i 1 A

ol ol ST 5l g iz 5 0l 3)ls O3S T Jse iz 5 2 S Jge i 10

$wlosyar x50 sbds Sz

nc=ﬁ=2:>z=2
12 1 =
_ 300 2.17

n, =——x021=2.17=>——=2.17
29 1

.wlm&f:;w&bd;w

C 241bm

Ajy —300m
0,:0.21
N,:0.79

Lr‘JJ-““L;"i))Q’.’;LQwdw‘a‘ﬁf}m°m°°‘°&§‘)M‘*’.'J"O}’{

.)J;
sl
oS o3l Sl e i 4l e
mC in ~Me ou +mC gen _mC cons =0
2d—m, +0-24=0 = m_ =0
O};.»»f\ o3l 6‘jMd}> 43 g0
m02 in mOz out + m02 gen N m02 cons =0
300
20 021x32-m, . +0-64=0 = m_ =552bm
29 20U 0, out
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Mass & Energy Balance |

S S e d g 4l

m = m020ut + mCOzout + mNzout =

total

5.52+88+3x0.79x 28 = 322.35Ibm

(6Jj)jrﬁl{‘5}lmﬁ)cﬁw‘vri &5.3.3.,\.9
TYYE 585 Ol Sy e
Q:;:ij\sib'dlbﬁ-—\

@Jé;ﬁﬁrﬁj\.&‘hu(u@—Y

m.,. .
n.. = cm =&=2lbmole
mn MC 1
my, 0x0.21x32
Ny =2t =2 02132 _ 5 \7tbmote
"M, 32
n _ mC our 2 _
C out MC 12
m
Ny oy = —22 = 332 _ 0 17ibmole
M, 32
¥d
24
no_..=nc,+tn.. =—+@:12.34lbm
total n air in 12 29
_ mOzout + mCOzout + mNzout

otal owr = nozout + nCozout + nszut -

]‘402 M002 1‘41\72
_5.52 +§+ 0x0.79% 28

total out — = 10.34”?]’)’1016
32 44 28

=>n
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Mass & Energy Balance |

18190 di3lg0  Pluo fudood 4 3205 (S99 (S 3y 4ol g

) ol gn 4550 Jloww (055 Sl OL o oy L 015 (oo o8 S b e g pans siilir 1) 55
.:;J:-A:M}isum.um

g 4 e 3l g Sl b s J a5 4 4 5le w5150 ()1 ss Y 4SS
AL g N cddslae N gla o 3,05 Ol 5 358 o atd g 63l Spaie b o m b e
BV Is ol o b oBas asl (S Jitws SVlas 5 Y sgoms 3l 4550 53 457 355
Slaw il 0 # YL 5 Gl o BB L8 alias dil SVslas sliwr 1 mi OV ggmes slues
Flow o 53 53503 g Sl o oas (Sl i 31 sl OV g 3 1 2ty SVoles
1y olaws 505 gad ol3usl 15 (6 5VL S5 Olos gt i a0 a8 1) S V¥sbee 31 azws 0T Lo 5150 43150
28 e LS5 LS SVslan e 5 oS o J

335 anlllas 5w die) opl 53 s Jewd 3 OIS HE BATY Silomio

s (steady state) jlul 15 elles 5,50 44T 5 5555 i ¢ g 50 SNt &35 g0 3 17 45
(ol 2810 g 5 5 (63555 0L M3l 35 sl O)pmr o S (o 08 (o0 i
.,u\a.\d:@u}:;oT,ia@_jlgju.uuuW;,\MJ,\;lya&;y.;u,z;ou,;d.vﬁ;p
(.JJ\JJG?)USwﬁ@)jpwg)\.\igdbﬁopbuHUJJSCM\dU)E;.»)
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Mass & Energy Balance |

o 323 Joloo (SUd ol

3Ty 5 e &Gl Y T 0357 s 4 5 SV sgmme Jo sl 35050 (50 03
0S5 1A S sk LT gl 1) 03le @3 g0 S¥lan 5 0T e (6 S5 oS (5 s
P, sy 5 Jle

1 1
Ke 1
et ' H,O0 net
0.2 KCI ! !
! 'wWo=2?
0.8H ,0 ! !
1 ! »
—_—) ] g
1
1

0.33 KCI
. 0.67 H,0
e =27

N

N

0.95 KCI
0.05 H ,0
P =2

L o 03le 55 (slyls a8l UL ST )5 45 g e ST 6l Lo onl g il
S o smmee 105 Jggame i i a8l )3 o 50 s dslas 3 Sl g ol
osliwl 3535251 a,mduwﬂjg)yuuqulyd,\;ﬂj\;;ﬁo‘y;wo;,ﬂ@,\f
3 g0d 3 5 3 oBes 015 on e oS o 1y altes 5 DUl 1) las i T s 515 oS

100+C=A s d g 4150
0.2x100+0.33XC = x;; XA 1 gt J = KCl 150
A+(W+B)=0 12 e Sy 45150
X - A—(0.5B+0)=0 :ZWJ?KCI 551 5n
F—-(P+W)=0 :v‘“?“J‘{‘Jﬁ’fﬁ@‘f
0.8F =W +0.05P T Gl e JS - 45515

Xpy + X, =1 . -
KClI H,0 CM;};Q‘};‘SGVIAAA.S.)\&AQJ)j‘CM#A:Lﬂj
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Mass & Energy Balance |

ZM.EZ».A J’ L 619.0 43}‘9.0 JSL...Q

h A S O 5 A e SOASS sl ge (sla 455150 T 3 457 358 o S Jils
Azes o BB sl

o ) oml 03 Gl (B ST el S 55 0T 055 )8 5 Bl AT b el

. v.i)l)ﬂ

233550 ST 5l (3,5 i 55 b Bl 1 Juol sl eles - (stack gas ) 57555 58
Ay S T

T OT 8 8 L5 53 09l Sl 31 ol sla3 36T 2 (Orsat) byl 3JUT

=2 L 35 gl )35 AT 35 )ls (b JalS Bl sl o7 1o Sl (s )lMae 1o, 55 6150
(555 (o0 ol

Jol e 8L (gl n Sllone (slie 355 bl Bl b 4 Bl Jus ST oo 1 eSS
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Mass & Energy Balance |

::yi»sno.\i:d‘fa-\dlfuifljﬁj‘_}iijs

C.H
Fuel ———

. 0,,N
air ——3>—

C.H, +(x+2)0,—xCO, +% H,0 Rkl

CxHy+(%+%)02——)XCO +%H20 L ail Gl el ST

€ 55T iy [ Bl 51 ool (a8 T ¢ il g (L1 sl 7Y L 15 Ok 812 e

CH,—— o,
. —> H,0
alrr——
N,,0,

Base:1 gmole of CH,
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Mass & Energy Balance |

oS ST 63 e e e J g 05le &5 s

nCOZ in - nCOzout + nCOden - nCOzwns = 0

=0- nC020ut + nCOzgen =0 = nCOzaut = nCOzgen = 1gm01€

DT b dse sl g I eole 4515

n n +n n
H,0 in H,O0 out H,0 gen H,O0 cons

= 0_ nH20 out + nHzO gen = 0 = nHzO out = nHzO gen = zngZe

058 s dse e J s 03le 45 e
=0

N, in - nNzout + nNzgen - nNzcons

— _ 19 — 19 —
= My = My = 0% My iy = 9% (2x2.3)=17.3gmole

1335 oaaalons 053,55 63505 U3 6555 5 355 7 ke lgw pl L

=l
....,aj....o'Y/V;..\_9)3\)Qj:mf\jl.”.};)}edyc;}.i:@WUU&LAL;\}A'/.W.S&ilm'da‘-jilf
4_<;i|4_34_n:p.gaj_fé,_.q\,u@woj),g)t,\_a‘oTc:4{,65,,3o5¢51)‘@\:°>;
Al (e M A VA g O3S 4 05 5 Ao G 5l ¥ STy 53 0508|620 58 sl s b
O5eS1 83555 g 5o /1 30e 6l 232338 onaalon G G b 4 053,55 $3303 Ush e

s ol a ) (639, O35 R0 IR 350 O b ;—? 3de 53 By aS el

PO5eS T S J e Sl e J s 00le 45150

n + nO L gen nOzcons = O

0, in O out

=2x23-n,,,+0-2=0 = n,,, =2%x23-2=2.6gmole

%CO, =
%H,0 = 1575505
}':SU‘ (70N2 — 17.3

1+2+17.34+2.6

% 02 — 2.6

1+2+17.34+2.6

1+2+17 3+2.6
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Mass & Energy Balance |

= JJ‘J 3¢9 g;._il.g.:)b A0 S NaHC'O3 CL_&‘ Jj_la-_» r;}_l.:f\nn L;:Jxﬂ BER Jle
3l glos o B 1) Jglomn, oS a8 I 511y ykne NAHCOy (0 € 4o al

s oWl Q—lwr:f

OC LA} T On $e \ D B
NaHCO3 o> V1/¢ \¢/¢0 Wy W/ /1 Ao
r .
2L o § e 2 G5 o > S

100grH,0

N
My.co, =10000Kg ar 60°F

Myco, =00Kg =T, =7

NaHCO,— =% NaHCO,—=*%—T_ =7
/
XNaHCO, XNatico,

\J

mcrystal NaHCO;

=500Kg

. NaHC03 oJuLs‘def-M)‘y

mNaHCO3in - mNaHCO30ut =

= mNaHC03in = mNaHCO30ut

= 10000x,c0, = 500 + (10000 = 500) X,
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Mass & Energy Balance |

Base :100gr of H,O

Calgisb ax 5500 55 plil Jlous JSp > =100+16.4=116.4gr
_ Mygpco, 164

X =
m 116.4

t

= 10000 164 = 500 +9500 X, y1c0. = Xouaco, = 0.096

116.4

Base :1gr of output's

0.096gr NaHCO, = C =?
(100-0.096)gr H,0

~100x0.096 10.62 8" Natico,

1-0.096 "~ 100gr H,0
POl el s b
(11.1,30) .
= (10.62,7) =T, =26.8°C
(9.6,20)
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Mass & Energy Balance |

Sy S w9y 3l odliiwl b dlge 43lg0
ab gy Jilawe didl als S 2ie S¥slae 5 bl U 4 il y s SV s oS5 50 3
asly o 2 Yslas plod oleT oty SVosles o8is sl - el oo (6 Sy b Jils |
3 o S8 sy Sl oo Ysama il o 2 Ly 81 sl o LB o

395,85 4 65 gl

Tavey ke U del Slad 1 sl ldie 4 LVV/Y &G 5d) gt Df,l;r.. Sdie S1: Jte

A8 aseian [ TONAY TIV/EY Al SlURe 08T A 5 IAY J glome sl my 5 5 50 LS

F, =200Kg

H,50,:77.7% l

P=7

—
H,S0, :18.63%

F,=?
H,50, :12.43%

e I S 0 435 0

min=mout
F +F,=P= P—F,=200
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Mass & Energy Balance |

ol S0 ) 5 s (1 s J s 03Ls 455

Mu,s0, in = Mh,50, o = 0
(200x0.777+0.1243F,) - 0.1863P =0
0.1863P —0.243F, =200x0.777

P—F, =200
-
0.1863P —0.1243F, = 200%0.777

553 J 4l G S¥olas

o ol shlae L ol o 0315 3N SAMBI b ol o ol - 5l 4 sed 65 5 JSKE D3 1 b
L6338 1555 5 p S AS 2 il p S S o i sl

F— T T T T T T T T > . .
: e O
| L
I |
BPEEY i
35%EtOH u | 85% EtOH
F ; D
J 15%H,0

|
|
|
|
|
|
|
i
65%H ,0 |
i
|
|
|
|
|
|
|
|

" (5%EtOH
W
95%H,0

68




Mass & Energy Balance |

e

e I (IS g 415
min = mout

F=W+D=W+D=1 I
de‘&‘deféJ\ﬁb)‘}d

Mypion — Mougon =0

0.35F - (0.85D +0.05W) =0 D

W+D=1
LI = — W =0.625Kg, D =0.375Kg
0.05W +0.85D =0.35

S 03Le ST sk 75 5 (5 i 45550 O3k o ol (s o3l ¢ Loy (o) o &S5 1 60
e S5 o3l O3 a3 g8 oo Jize K05 Ol 4 Sl 3l 35 el s L1 0T 4 (6 K
335,85 iy a0l ol 53 aSST Osdy 5 550 g0 3,05 Ol o &S5 51457 ol (sl o3le
2h o g O S

e oo b Plas Llg o a8 sl 0 OT (615 453150 2l 55 5 Ll e 51 enlizal & o
N s Gyl Bl g i o 558 Ll es S S esl

oS e ) Sy

A,C,D

A,B,C,D

C,D

ORENIN
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Mass & Energy Balance |

}v\_ailb.&_.)T././\i L’\—:J‘V:Sg;i")u"-}‘;d}b)‘r?‘“j’”‘)°u*'\rp@L‘°°}:d§:’,‘*%”l".'dt‘
Slabd 05 Col sllas il azils T 7 6 mu@dwjmf@ujgh\pf,gm.
.&fdﬁ.&ﬁ-g&”))dab

S P i RN YR RN P B
100kg H,o 7o Aoestiddan

T

o

u.kf(ﬁé\;)‘}n

min = mout

F=W+P=F-P=100 (I
:gT&‘jWJ?chdj‘}»

My o™ ™00 0w =

0.8F-(W+04P)=0

0.8F —0.4P =100 aID
UTLS‘J‘("?’“?“’J}" osle 4))‘}»
F—-P=100
= P=50Kg F =150Kg
0.8F —0.4P =100

oA 2k 05y =0.2X150=30Kg
or 0.6x50=30Kg
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Mass & Energy Balance |

(ten Lol oo L (2l) Loy e 588 Ja5 )3 L1 pss B,
lefﬂp-wj\}»

F—-P=100

:Mdfu@bélﬂnudj\y

02F =0.6P = F =3P

P =50

N Lo =0.2x150 = 30K
F =150 e &

2P:100:>{

O oy slee s lsng, 3 b s dyd bbs 55 Jlw 0L o Sdd (5,8 o310 (gl 0 Jlie

S 6l &K 5 ol O wjas LS (55 058 e enlizul ja bl
ssk s o ol Na,SO, L Shass ol,  180ppm Na,SO,
uugj,c,_udﬁt_;,;guka}vﬁl}aﬁa}';”_ﬂouﬁ@@Lﬂaii;),u,gc}t,&i
Lasksy, o ws s oty 3300ppm Na,SO, 355 o JoS LYl fus o

. gal
hr
XHO
11_120 2
. . .

. 3300 ppm >Na2504

'

F R S B i — P
|
/]\
F, = lOlmea2 50,
t=1hr
Base : 1hr
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Mass & Energy Balance |

: § S 43)"}.0
min =mout
F+F,=P=P-F =10 )

deﬁgTélﬁobbdj\y

mH20 n mHZO out

X g0 = PXy o =0

-0
R1-{=P1-38) = PZI_—;O&XE (2
106
ey
=  F =3194.56lbm
(2)
Pl Celey Olwles (sls O 9>
:>n'1=£=3194.51z—f’
1hr . ri)l.} W ‘_54..) g.}:‘:'b Lg‘ﬁ

=382.94

gt 3196.51bm| f | 7.48gal
p hr ' 624lbm'  1fF

5 o2 03 A 53 5 34mﬁug\ﬁ_xu@,;loo,gwt{c;wq»:dm
AL (o
4_?,3IOOJJCL,,:\JJJM&%QJH@\,MBWQQWC,?IOOV:A\};q,?i(qi\
§ 3 dal s 5l 3y g0 OT Hltde a7 3 1 Kl

100gr gLl Jslome
—»
Ba(NO,),(net)
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Mass & Energy Balance |

:(X)@}?‘kw;ﬁ@)ﬁw&’)}-‘-w’\f

mSolute _ 34gr _ 025

xX= = =
mSolution 100 + 34gl"

PTGl e I 4150
w
W=Px(1-025)=Px075= P= = =133w

D d g s
100+W =P =100+W =133W =W =%=303.03Kg

I.s‘,.:leﬁjg)ygﬂxlQJ;:J_?Q}.\.:&.}:;_'A‘P.-

W=Pl-3)=P= W34
(1-37
100+W =P =100+W = W34:>100=W( 134 —1):>W=11¢:294.1Kg
1-35 1-35 j—l)
134
(&
100°C gLal J gl Ll J ghowe )
RSl & oo
F, Ba(NO,), P Ba(NO;),

P, l
2= Ba(NO,),

. ‘.) "L; w 3
=0 J
L= W34 = 2943‘41 =394.9K
T 134 T34

Deols il e Sl e d g 45150 (R L g 035 il e OT Ul 0l 53

Fx (=355 = B -15)

4.09x (1— %
1:39 (()19X(5 1347 — 308.8Kg

105

e d g p 2 4515
F =P, +P = P, =F — P, =394.09—108.8 = 85.29Kg
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Mass & Energy Balance |
:((Recycle) 5™ g b >

- o Net product
Fresh feed o= — - . - . Net produc

p ; ™, Processfeed | Cross product .,
\ Mixer f— \ Process ’=—_A\ Separator ;r=}
N e

g &
- —

L ' T

Recycle

CS 5 090 oS (gl adgl sl ge Onls C28 y alaa 3135000 31 (obems 53 05500 (258 5 (sla OL
JLad clas J 287 0 mmen (J 2S5 g0l planil b 5 5581y 51 S 4 Lisd o ol 58Tl 51 ST 50
3,8 o )5 oslinul 5y 50 5 ke

03V 4 ST s a5 4y Ly o7 3505 33 Sl o0 (555 0L Jols Pl b3y 0
03Y Dbl 4 il itk BT g lacs 2S5 T3 S1aSl Koo 5 oS 15 1 s 43150 3
35 a5 Sy eSS a3 o g
;,\};\}J;U,La%m&glé‘ﬁp)@wuxﬁ;&,y%pamgjmaguozsg@ﬁ
D5h g 2§ Jsemes L Al el 1S

: (by pass) o5 HUs oL &>

— . . """ Net product
Fresh feed e ™, Processfeed | | Cross product” X
=:>[: Separator ]=c:=\ Process \ Mixer f,-=.:=
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F 10000 50%B B . 95%B
50%T | 5%T
96%T
4% B
R_,
D
Base : 1hr
F=D+W (D) s J )
W Dp=10000-w () S e o e
10000=D+W

X F=xp D+x, W
0.5(10000) =0.95D +0.4W (2)
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D =5050Kg

&= {w =4950Kg

(IT) oo s IS 455150

V=R+D
8000=R+5050 =  R=2950Kg

= R_ 2950 =0.584
D 5050

0L o s ol gl . sl ok 03l Ol 5 K )3 0T 505 &5 4 by o gl 1 s

H,0
w__1 Fresh Feed
Boiler :
10000
M KNO;20%
[{NO3 R=9 0.6kgKN03 dj'L>='°
50% kgH,O
Crystallizer

C KNO, s ks S
4%H ,0
base :1kgH,O

PKNO, 82 g JS s 65150

m . m
KNO; in KNO; out

10000x0.2-0.96xC=0 = C =2083.3Kg

DokiST slae d o (IS g 4515
min = mout (

M+C+R
M —R=2083.3 7
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:KNO3 Lg‘ﬁaMJJLZAWdydj‘y

0.5M =0.96C +%R

1\6 p R=2083.3 M =9454.9Kg
0.5M R =096+20833 ~ R=7371.68Kg

= Al ALl gl a1, &K pdn s g el kg / day Yo Jzegs s g 2, S s Jbe

HI + CH,OH ——CH,,I + H,0

3 USCize Ol 5 b oiis S 5 Jsilie ol jar & CHLT (555 43 M1 (6 gimmn J goames S|
% 938y 5 STy eSS am s 5558 5 3 STV, 5 &K it s g sl S35 Ao y3 AT,

HI:128 j)))éoﬁéu\djbdj}:dj\
CH,OH =30 5 0k o3 HI ldie i
CH,I = 142
H,0=18
M
HI 100% e Product 81.6% CH3I
P
F= 2006[% 40% oo s 184%  CH,OH
HI  100% L
14
Waste
82.6% HI
17.4% H,O
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Base :1day

HI S8\ e do7 45150

mHI in mHI out + mHI gen mHI cons

1) 2000-0.826W +0-(2000+ R)0.4=0

. CH30H6‘f v:m:-w de_,p— osle 45)"_5.5

mCH30H in mCH30H out + mCH30H gen mCH30H cons
30x(2000+ R)x0.4
128

(2) M —0.184P+0— 0

{CH I Sl e JS J s o0bs 46150

mCH3I in mCH3I out + mCH3I gen - mCH3I cons
142x (2000 + R)x 0.4

3) 0-0.816P+
128

0=0

1T Sl pr JS g 03l 461 e

mH20 in mHZO out + mHQO gen - mH20 cons
18x (2000 + R)x 0.4

4 0-0.174W +
128

0=0

LT ol gt s SY g 58 SYlre oKz fo U
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sl s | S
W= W3=?
Water=7 water=7
r— 1T — — — = -
F=o | P1=7 pP=27 0 kg/min
water BDF water 50% water 25% ter 10%
[ . o _
hot air : 80 kg/min hot air : 80 kg/min hot air : 80 kg/min
Base :1min
MJSJ?A LG‘J" osle 4.’)‘}.»
mA in o mA out =
0.2F =0.9%x50
P 0.9%x50 _ 05
L e d o JS g 15
min = mout
F+80=W,+P
A ebbé‘ﬁl %ﬁdfﬂ)‘}»
mA in = A out
0.6x225
= =90K
02F =0.6P = 0.5 8
=  225+80-90=W1=215Kg
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mH20 in mHZO out

0.05%80+0.8x225=0.5x90+x, x215 = x, =0.65

=S o e Do rer 4 B e S )
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PV (1.013x10° pa)(22.4x107°m’)
nT (1gmole)(273K)

PV =nRT = R-=

D sige e 3 R (6 il
R= 8.314(pa)(m3)‘ 14.7 psia ‘ 35311 ‘ 454gmole‘ 1k
(gmole)(K) ' 1.013x10° pa ’ 1lbmole ' 1.8R

= 1(),73(1”’"’—)(ﬁ3)
(Ibmole)(R)

1Im

L ol o PV=DRT (gadaly 53 s jalyl dS doly s aiS v a5 55 o8 4,80k 1 ¢ a5
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R_8.314(Pa)(m3)‘ 33.91fty,0 | 1000m3‘ 454 gmole
(gmole)(K) ' 1.013x10° Pa ’ 1lbmole

(fty,0)(mm?)

(Ibmole)(K)

1m

=1261.5261

:|J§::JL.»L54_?).>\° cles 9 YY,Y ffHZU )L.':é):d;.l.:..f\dsu\/\lb Loy oS ezl
A8 dwle ) 555 oo Jlad)

3
R 8.314Pa.m3‘ 454 gmole COZ‘ 39ty _ o6 Jti,0m

gmole. K Ibmole 1.013x10°Pa~ Ibmole.K
1.26 ft,, ,.m’
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10lb, CO, = m

V =20/

T =30°C

R=1073 fats

p _ St lbmole 110.73(psia)(f*)|(30 + 273)|1.8R | — 66.50 Psia
| (bmole)(R) | | 1K [20f7°

P,=P,+P, =P,=P, —p. =6650-14.7=51.80Psig

ahas S b ys skl 1en HLid ia ol o3ls |sa 4Lid O Ggb Jleys: S

30°C sles 5 1000’ pon 4 O b S5 55 035 725 donS 5530 b gbs 51 45505 AT 551 Jlie
Dl o E B w B 5 5 RSl 5 e

2NO + 0, ——2NO,
Lsb 170Kpa o b jlis 5 o35 ( NO,NO, b jsws) 0 $0.291 05 b 55 550 50 JS 2 S|
AiL o NOpwoys Lz 5 NOL s do s dizr AS dslows

V =100cm’
T=30°C
m=0.291gr
P =170Kpa
M, ., =30
My, v, =46

PV =nRT

__PV _ (gmole)K) | 170%10° Pa|100cm® | 1m’
~RT  831(Pa)(m*)|(30+273)K | | 1100 em’

=0.0068gmole
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PV =nRT
pv="_RT
M
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RT 'V RT
P,.M,
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p‘ng2 - - P. M - P M. T
air at STP Zair” air. air* air*~ N,
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PV =n .RT )
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SELT oyl
2¢1)‘-’J~1)'J-<‘“e4?j5\4.

PV, =n,RT
PV, =n,RT

PV, +V,+.)=nRT (1)

PV, =n,RT 2)

D,2)= V.=V, +V, +...
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PV, =n,RT

=T= £V
nR

CH, +20,—>CO, +2H,0

el 2 83508 O3S 1 a8 s a5 Ly 5358 STy 3 (6 e s sl il b S 4 s 5L
D355 o dloes JolS GBI 2!
gmole = ;L 3,4 O3S

8x1.2=9.6gmole = 835,35 OS]l

9.6><;—? =36.11gmole =3\ 2,5 0555

89




Mass & Energy Balance |

1 CO, Sl g g J g )50

CO, in CO, out CO, gen CO,cons

O_nco . +3.6x0.8—-0=0

), ou

Neo,on = 2.88gmole

FH L0 Sl e d o 45
-n +n -n =0

nH20 in H,0 out H,0 gen H,0cons
=n, , =72x0.8+0.8=0.56gmole

n
H,0 out H,0 g

CO D.SLGLS\JJWJ?M)\}A

nCO in nCO out + nCO gen ~ eocons = 0

=n,  =0.4gmole

. 02 abb&\ﬁrﬁ.ﬂ:ﬁd?dﬂjﬁ
-n +n -n =0

0, in 0, out 0, gen Oycons

9.6-n, +0-(7.2x0.8+0.6)=0

=>n, =3.24gmole

:Nzasb‘_;\xv;m:mdyd)'\}a

-n +n -n =0

N, in N, out N, gen Nycons

DAy i = g = 36.11gmole

‘CH sz 455

=0

n —n +n —n
CH, in CH, out CH, gen CH jcons

4=n,,  +0-(3.6x0.8+04)=0

Men o = 0.72gmole
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s> | N(gmole) y
co, 7.88 0.057

CO 04 |0.008
6.56 | 0.131
CH, | 072 |0.014
3.24 | 0.064
N, 36.11 | 0.72

Ferl 4991 | 099

T

3atm 1.013x10° pa  3m’ 1 gmole. K
= X X X X 3
1 1 I 4991gmole 8.314Pa.m

5
_3XLOIXI0XS _ 107 10k —1924.12°C
49.91x8.314

co Feo, = B.Yco, =3atmx0.057
Vo, =V, X Yo, =3m’ x0.057
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605 Psig ,Lis g sLid. 5,13 51 3 Els ST 15 0L3 4 501 L;j:MSfﬁr;_oa.gd;;w:Jm
(g ity dslan 3l eslinnl LIS Cawar O3 J513 Ol g s slesdas o OLES T

e (P+2¢)(V —nb)
nR
P =665+14.7 = 679 psia

n =22 =1.14lbmole

V= Sft3
. 3
R — 1073 PSIU)
(Ibmole)(R)
3
a=9.24%x10°%3.776x10" =34.83%x10° Psia(f;)2
Ibmole
3 3
b=90.7%x1.6x107 = 1.45.12><10_2L = 1.45L
Ibmole Ibmole
10.4%x34.83x10° _
T:(679.7+ 2 )(5 1'14X1'45):681.4R=221.40F
1.14x10.73
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P =292 psig S dslomn |5 O s 53 3 g 30 S saT 2 62
T =125F

V=120

PV =7ZnRT

Z(T,. k)

T =405.5K

S =T ..« NH
A ATD s 3{I’C=111.3atm

T. = (405-273)x1.8+32+460=730.5"R
T _ 1254460 _

r

T 7305
P :£:%:0.19
p. 111.3x5P%
7=0.85:3-v I 5 5
PV (292 +14.7)x120

=6.9lbmole

n= =
ZRT 0.85x10.73x(115+460)

m=nM =6.9x17=117.26/bm
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7 =BT 6
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B 49 7aimx 1013100
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= AH =(2AH¢ +AH, —AH| —4AH? )+

fCH4

[Tec, +c,, -c, -4C, ydr

(ot Lot 15 b Soglie plos 53 [5STs lo S (6wl ) ¥F—F Jlo )

S S D (g dens 544D Jsu Sleslizal L1y 8 Jls 4 b g o Slasloes

AH, =AH,+AHr’+AH,
AH,=2AH, ,+AH,
AH,=AH . +4AH,,

0 4.4b J a3
HHzosoo =Hyo.,, =17795 .11
HH20250C =Hy,,,, =837
Hey, . =Hey, ~=124013 91
Hey oo =Hen,,, =879
Hy, ., =H, =14640
Hy , =H, =718
He, . =Heo,  =22342
He .. =He,, =912
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AH,=2AH, ,+AH o =2(H, o ~Hyo )+ (Hey —Hey, )
= (2(17795 .11 — 837 ) + (24013 .91 — 879 ) = 57051 .13 —2

gmole

AH,=(Heo, —Heo, )—4(H, —H, )=77023 .1

Hyg gmole

AH, =AH,+AH’-AH,=

500° C

57051 .13 —164989 — 77023 .1=-184 .95 L

gmole CO ,
(@W&L{b\{o\ﬁkgﬁjaé‘jj\d‘j‘yJﬁ)l{)Y’f—fduﬁw)j
sk Culgsl 5 aryatene slos 3 BLST (slsa Ube L1y o Kl a3 80 55 5SS g
C‘)l’.- o‘);‘}‘ g:,.ll.@)‘s 49.-‘)JA00 LsL"’J" é‘j:—‘ QYWM‘)"M&MT")W 2 ‘-}AK

«(523909

Nep =1 co
—L
50 ° F } o |C0:
_&_) 02
% EFA = 50 % ui N
_i_) 2
1000 ° F

BASE :1lbmole CO

B2 0, = 0.5lbmole

s299 0, =0.5%x1.5lbmoe

2503 N, =0.5x1.5%xL2-2.82lbmole

=0, ~=05x15-0.5=0.51.5-1)bmole
3~ N, = N, = =2.82lbmole

t

s~ 0,=0,
inpi
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AH = AH, - AH,

AH,=AH. +AH, +AH, =
AH? +[0C, dr +025AH° + [ 025C, d
H{, +| C,, dl +025AH; +| "025C, dT

A 800
+282AH] +|[ 2.82C,

- AHz — Aﬁo +J’78700 (CPCOZ +O'25CP02 + 2‘82CPN2 )dT

fCOz

AH,=AH., +AH, +AH, =
A 50 A 1000
AH{ +[ C, dT +075AH] +[ = 0.75C, dT

Ao 1000
+2.82AH; +[  2.82C,

= AH,=AH;, + [ (C,, +0.75C, +282C, )dT

fC02 77

b el e 1S Ty JT 56 ldie 53 b5 (6 drlous L
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(1 55)5(752)
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F6 >F6 >9 > F5 > EXE
Al ol 3.5 e |y S

355 08Tl Ol pile (g bl ey Sl 1 Al olisss plasil Ll 8 5l e L e ST

FENCpe
SHIFT > 4(CLEAR)> F1
SHIFT > 4(CLEAR) > F6
LS oo SUL Sl ble Jge b il 5 st S
SHIFT > 4(CLEAR) > F4

L S OVl oKy (> -2
TS a5 5 ke a
S oy 5 6 Y slas 11y Jsgmen p5lie
2x, +2x, +5x; +3x, =15
X,  +5x, +2x, =
3x, +x, +4x, =11
x, +4x; +6x, =3
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e e a0 slaasly

ot ppdS s 0 5l sl (B1) Aadl s Su e sl s o o ls as s asly
A el ppuat B ol TR a2y & L a3l o (K) e T g5 laial zade
R P NN S AW AT LPv) Y RPN | FR Y A &1
ol T aBa abis = TYF/15K
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a3 do g T Slasul abis Jolee o8l a0 jhio oF sul gady a0 w5 ol & 12 [°C)
ably o o ise abis Julu ol Lol
Al STogs abis zgec 2wy 18k olele TIKD = YYY/08 4+ te[Cl
Al ST e s =y oc Syyr /1K
ol Gaiaze axly K= ol Bl e e 2ol S
de plp 1y O s lasuliakis of sl gas ey ) &y trg[RE] 23935 > a0
call s A’ RE pmlp ST Sgmebiin 5 y3088; an )0
s OT slassl abis = 0 °Ré
s LT g abis = A0 °Ré
Galaisl oM LS ally 0wl b STy emdSlallins ju ol a0 a2l
—akbis g PO FL ol DT slesul abis csad gai azyo ) Ojpas .80l asis deg F L °F
8l s VITOF L plp ST
A CToboulsbis = rY°F
A OTass bl = TIYOF
ole Ly o Gl amyo 3l cmdylee STy Gl alling 5o oyl a0 S0 aaly
cea 5 s PR /PY PR L plp cules ban o sio aSead asis degR L R g lans
31K =% "Rl b gai axge asly S = Sl Gaies ;s asly K plbe

ta= tr + FOA/FY V°R= \°F 1°R=?K.

Sl ez glaasly Lo s e 1T =y Jaas

I T
! Unit Symbol | K | °c | "Re | °F |*R
1 kelvin = K 1 1 4/5 | 95 9/5
1 degree Celsius = c 1 1 4/5 | g/5|89/5
1 degree Reaumur = "Ré 5/4 | 5/a 1 /4 | a/4
1
1 degree Fahrenheit = °F 5/9 |5/ | 4/9 1 1
1 degree Ranking = °R 5/ | 5/9 | 4/9 111

ams sloa,l> ez 0 ae o 1pr -y o

l | K ‘c *Ré °F "R —I

Absolute zero =0 —273.15 | =218.52 —458 .67 V]
Freezing point of pure water = | 273.15 ] 1] +32 491,67

Triple paint of pure water = | 273.15 +0.01 +0.008 +32.0182 | 491,688

Boiling point of pure water = | 373.15 | +100 | +B0 +212 671.67
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Energy equivalents

The unit of energy in the International System (SI} is the joule, abbreviztion J; 14 = 0,101 971 6 kKgm—="0.102 kp m = 0,737 562 1 Ibf,
The unit of energy 10 the metric gravitational system is the kilopond meter, abbreviation kp.m: 1 kp m = 9.806 65 J = 7,233 01 it 1k,

The Anglo-American unit of aneray is the footr pound-force, abbreviation T ibi; 1 ftlbf = 1,355 82 J = 0,138 255 kp m,

siplslbasly Los culheo yyr —y Jyas

Linit Abbreviation J% kd ML arg Wh

'-'liaule‘ = J* 1 10 1o wn” 2777718107

1 kilojoule = kJ 10° 1 10! 10 237778 - 1070

1 megajoule = MJ 10* i 10* 1 10 277778 - 10°

1erg = | erg 107 10-1® 10 1 - IR U R

1 watt hour = [ whn 3600 3600 - 10°* 3600 - 107" 3600 - 107 I

1 kilowatt hour = | kWwh 3 600 - 10" 3600 3 600 - 1077 3 600 - 10'° 10*

I megawatt hour = | Mwh 3600 - 10° | 3800 - 107 3 500 3800 - 10" 10

1 kilopond meter = | kem 9,806 65 9.806 85 - 107 9.806 65 - 10°* | 9.806 65 - 107 2.724 068 - 10

1 pund centimeter = | pem 9.8306 65 - 10°° 9.806 65 - 10°% 9.806 65 - 10-"" 9.806 65 + 107 2.724 063 - 107"

1 calarie = cal 4.186 8 41868 « 107! 4,188 & - 10 4,186 8 - 107 1.163 - 10°*

1 kilocalorie = keal 4,186 8 - 10° 4186 8 4.186 8 - 10°? 4.186 8 - 10" 1.163

1 metric hossapower second = | KS 3 735.499 735499 - 10°* 735.499 - 10-* 735.499 - 10° 2.043 05 - 10"

1 metrie norsspower hour = KSh 2647 796 - 10° 2647 796 - 107 2.647 736 2547 796 - 10" 735499

1 electronvolt = | ev 1602 - 10°" 1.802 - 10-? 1,602 « 107 1.602 - 10°"* 1 4.450 - 10°7

1 foot poundal = ft pet 421401 - 107° 421401 - 10-° 421401 - 107" 421401 -10* | 117056 10°*
l_urrnm pound-farce = | ftIbf 1.355 B2 | 135582 - 107 ! 135582 - 10-* 1.355 82 - 107 3,766 16 - 107 |
| 1 norsepower hour a hp h 2.684 52 - 10* | 2,684 52 - 10* 2684 52 2684 52 - 10°* 745,700 1
j 1 British thermal unit = B 1.085 06 - 10° 1,085 06 1.055 06 - 10°* 1.05% 06 - 10"* | 283071 - 10°! !

1 thermiv = | th 41855 - 10* 41855 - 10° 41855 41855 - 10" 1.162 &4 - 107 E

Unit Abbreviation kWWh MR kpm o om cal H

| 1iouie® = | 4 2.777 78 - 107" 2777 78+ 107"° | 1.01972 - 107" 1.019 72 - 10* 238846 - 107" |
Pt kilrganshe = k. FITT IR A0 | 2777781077 1.0019 72 - ¥ 1019 72 - 10° 2398 45 - 10 _i_

1 megajouls = M 2777718 - 107! 23777810 1.018 72 - 10° 10189 72 - 10 2,188 48 - 104 i
| Ve = | erg 23778007 2777 78 - 1077 1.019 72 - 107" 1.019 72 107 238846+ 1070 |
{1 watt hour = | Wh 10-? 10°* 3670948 - 108 3.67098 - 107 £59.545

1 milowatt howr = EWh 1 10 367098 - 107 3.67098 - 10°° 53845 - 10°

1 megawatt hour = | wh 10° 1 367098 - 10" | 3s7098- 10" B59.845 - 10°

i kilopond meter = | kom 2724069 - 10°* | 2724 089 - 107" | 1 | 100 2.142 28

i pond centimatar - @ em 2724069 - 10°'" | 2724069 - 10" | 10°F - [ 2.342 28 - 1077 !

1 calorie = | cal 1.163 - 107 1.163 - 10°° 426935 - 107" | 426,935 - 10° 1 i

1 wilocaiurin = | keal 1363 - 1077 1163 « 10t 428.4935 | 426,925 - 107 1w |

1 martric horsepowar second = KSs 204305 - 107" 204305 - 1077 75 75 10° 1.7867 - 107
1 metric horspower hour = KSh 735429 - 1077 735489 - 107 270 000 270 000 - 10* 632.415 - 10°
| 1 eiwciranvo = | v 4.450 + 107 | 4450 - 1077 1.634 - 10° ™ 1634 1074 3.826 - 10°%°
l 1 faot poundal = | frpdi 117056 - 10°* 1,170 56 - 10°"* 429710 - 10°? 4,297 10 - 107 1.006 50 - 107F
|1 oo pound-farce = ft Iof 376816 - 1077 3.766 16 - 10°'7 1.282 55 - 107" 1.38255 - 10 3.238 32 - 10!

I horsepawer hour = hp h 745,700 - 10°* 745.700 - 10°% 2.737 45 - 10° 2,737 45 - 100 541,186 - 10°

T Bririzh tharmal wnit = Brs 29307 - 10 2.930 M1 - 1077 1078 862 - 107 1.075 862 - 107 2,519 96 - 10°

1 thermie = 1 th 1,162 64 116264 - 107 4.268 02 - 10° 4.268 D? - 104 | 999.690 - 10’

Tld=1Ws=1MNm
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Langth n:iuivalunu

The unit of length in the International System (51} is the meter, abbreviation m; 1 m = 1.09361 yd,
The Anglo-American unit of length is the yard, abbreviation yd; 1 yd = 0.9144 m.

Jib sleasly Lo oo o ey — ) Jyax

i' Unit Abpbreviation m dm [ em L] wm km in. it

|r‘. o s = | m 1 10 ! 107 i 104 10! 197" 393701 3.280 84

1 decimeer = |dm - L1 1t 10t 10 10-* 303701 - 107" [ 3.28084 - 107!

|1 contimeter = lem 10-? 10! 1 10' 10 10"* 38.3701- 1077 [ 328084 - 1077

1l lime ter = |mm 10! 10°* gt 1 10 1 39,3701 - 1077 | 328084 - 107"

[1 micramater = | um 0 10! 10-° 10 1 10-* 383701 10-* | 378084 - 10+

1 kitnmater = | km 10! 1o 10° 10¢ 10" 1 | 303701+ 10° [3789084 . 10

1 inch = | im, 25410 | 254 - 107! 254 254 - 10" 254 107 254 - 10°° | 1 __u.oeama

1 foor =|# 2048 - 107" | 3048 3.048 + 10' 3.048 - 107 3.048 - 107 a048 - 10°° 12 1

11 yard =|yd g.144 - 107" | 9.144 9.144 - 10' 9.144 « 107 9144 - 10° 9.144 - 107" 36 3 _

i1 fathom = | fathoem 18288 1828 8 - 10° 18288 - 107 1.828 8 - 10° 1.828 & - 10* 48288 - 107" 7z |8

i1 rod = | rod 5.028 2 5.029 2 - 10 50292 - 107 5.0292-10° | 502932 - 10* 5.0292-10°° 128 185

% chain = | chain 20116 8 201168 - 10' | 201168 - 10° | 201168 - 10° | 20,1168 - 10* | 20,1168 - 1077 | 742 BE

i1 furlong = | furlong 201.168 201,188 - 10° 201.168 - 10* 201,368 - 10 201,168 - 10% | 201,188 - 10°* | 7920 BED

!Tmln = | mile 1 609,344 1 609344 - 10° | 1 609,344 - 107 | 1 809344 - 107 | 1 600,344 - 10* 1809344 - 107 i 53 360 5380

{10 nautical mile = | UK mue 185318 | 1853.18 - 10' | 1685318+ 10" | 185308 - 10° | 185318 - 10° | 185318 - 10°7 | 72 960 5 080

':I intarnational nautic. mile® = | o mile* 1852 1852 - 10" 1852 - W 152 - 10° 1852 - 10* 1852 - 107" 7291339 6076.12

I Unit Abbreviation vl fathom s chain turlang mile UK. mile n mike®

i1rr-m= =|m 1.083 61 546307 - 107" | 158839+ 10°" | 487097 - 107 | 497097 - 10° | 621371 - 10°* | 539612 - 10" |5.099 57 - 10"

{r— =|dm 108561 - 107 | 546307 - 107" | 1.88839 - 10°7 | 487097 - 107" | 497097 - 10°* [ €213 70 - 107" | 539612 - 107" |5.39957 - 10

|1 matimurer = | em 108361- 1071 | 5.46807 - 10°* | 198839 - 10°7 | 4.97097 - 10°* | 4.97097 - 10°* | 621371+ 10°* [5.39612 - 10~ |5.393 57 - 10-* |

11 il e ver = | mm 109361 - 1077 | 5468 07 - 10°* | 1968 39+ 107" | 487097 - 107" | 497097 - 107 | 6273 71 - 107" 's.m 12+ 10°7 [8.399 87 . 10-" |

;I migrometer = | wm 109361+ 10°* | 5.468 07 « 10°7 | 1.888 39 10°" | 4870497 - 10" 4.;0?? <107 | 821371+ 10°'° 5398 12« 1077 5399 57 « 10°"°

!‘. iehimme e =|km 1.093 61 -1-0F 5468 07 - 10 1,888 39« 10" | 487097 - 10 49797 21371 - 107" | 538812 - 107" | 539957 - w0

Iy imen R = | . 0027 777 & 0012 888 % 505051 « 107* | 126263 - 10°* | 1.26263 - 10" | 1.578 28 - 10°%+| 1.37062 - 10°* | 1.37149 - 10"

:‘--'_Du( ; ) _=it |o3izzaa | 0.185867 0.060 668 1 0.01% 151 5 151515 - 107 | 189394 - 10°* | 1,544 74 - 10"* | 1545 79 - 107

i = |y 1 o5 (0181818 [opasasas | |asasas- 100 [seare2- 107t 4934211070 483737 16

; = [ tatnom z 1 0.363 636 0.090 909 1 9.09091 - 107" | 1.136 36 - 107 | 9863 42 - 107" | 987473 10"
= | +od 55 275 1 025 0.025 0,003 125 271382 - 1077 | 271558 - 107 I
= | ehain F 11 a 1 0.1 00125 00108553 | 00108622 ] .

iV futlang = | furlong 220 1m0 40 0 1 0125 0108 553 lo.108 822

[+ mile = [ mite 1760 280 320 80 ] 1 0,868 421 0888 976

11 UK nauticst mile =_4|_up< mile 202667 1013.33 368484 B 82,124 2 931212 1.151 52 1 1.000 84

!—'Il_inw«ununal nautic, mile® = !n mile® 2 025,37 101268 I68 249 I 062 4 9.206 24 1.150 18 0.999 361 1

Example: 1o = 107 mm = 1000 mm; 1 vd=9.144- 107" m= 09142 m;
Toeowtm TR ET 2 0N UK midiy = 0000 TIZED UK el
| fatnom = 9.B74 73 - 10°* n male = 0.000 587 473 n mule

Exact valuns are peinted in bold type.

The United Kingdam wnits are denoted by the prefix UK

T American units are denoted by the prefiz US

*Imgarngtional nautical mite = US asutical mile (1 n mite = 1 US mile = 1852 m)
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Sarme cther Anglo-Armaericen units of langth

! mul = 0,001 inch i hood = 17R wied
1 point {printers) = 172592 yard 1 hink = 227100 yard
1 ling lputtenl = 101440 yvard ~ 1 span = inch
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Foree equivalents

The unit of force in the International System (51} is the newton, abbreviation N; 1 N = 0.101 971 6 kp = 0.102 kp = 0.224 03 Ibf.
The unit of force in the metric gravitational system is the kilopond, abbreviation kp; 1 kp = 9.806 65 N = 2.204 62 Ibf.
The Anglo-American unit of force it the pound-force, abbreviation Iof; 1 1bf = 4.448 22 N = 0.453 592 kp.

g gleasly Lo colye o 1Y =) Jyae

Lnit Abbreviation - N kN MN mhN dyne sn kp
{1newton  =|N i “Tlier T ok 10" RS 107} 1.6'9 72 - 107
1 kilonewton = |kN 10 1 10 10* 10° 1 " o1e 72 10°
"1 meganewton = |MN AL 10* 1 . 10* 10" 10° 5.018 72 - 10°
1 millinewtsn = |mN 10! 10-* w0 1 100 10 1.019 72 - 1074
<14 dyne | =|dyne 107* 10t ws 10°% 1 107" 10192 - 10°*
1sthene ° ={sn - et - A o2 10* 10 1 1.019 2 - 10°

1 kilopand =lkp , 9,806 65 . |9.80665 - 10”7 9.B06 65 - 10°%| 9.806 65 - 10" | 9.806 65 - 10 |9.BOEE5- 1077 (1

4 1 megapond’ = |Mp 9.806 65 - 10* |9.806 65 | 'a,806 65 - 10°*| 9,806 65 - 10* |9.806 65 - 10° |9.B06 65 . |10?
1 pend =|p 9.806 65 - 107" | 9,806 65 - 10" * | 9.806 65 - 10°"| 9.806 65 . |9.806 65 - 10° | 9.B06 65 - 10°% | 10°°
1 millipand  =|mp 9,806 65 - 107 | 9.806 65 - 10°* | 9,806 65 - 10| 9.806 65 - 10°* | 9.806 65 - 10" | 9.BOG 65 - 1077 |10°*
1 poundal =|pdl 138255 10-' | 138255 - 10-* | 1.382 55 - 10| 1.382 55 - 10° [1,38255- 10* |138255- 10°*|1.409 81 - 107
L pound-force = |Ibf 4.448 22 2,448 22 - 10- | 4,448 22 - 10°%| 4.448 22 - 10° [4.44822 - 10° |4.44822- 107" |4.63592- 10"
1 UK ton-foree = UK tonf. © |9 964,02 |s9g4.02 - 107*|2 964,02 - 107%| 9 964.02 - 10* |9 964.02 - 10% |8 964.02- 107" |1 016.05
1 ounce-foree = [ozf 278014 - 107" | 2.780 14 - 10-*| 2.780 14 - 10- 7] 2.780 14.- 10° |2.78014 - 10° |2.780 14 - 107*|2.834 85 - 107*

Unit Abbreviation Mp ' B S mp T pdl 1bf UK wonf s ozt

1 newton =N " 161852 - 10-* [1.018 72 - 1077|1019 72 - 100 [ 7.233 01 2.248 09 - 107" 1,003 61 - 10~ * | 3.596 94
1 kilonewton = |kN . 101972 1071019 72 - 10° |1.019.72 - 10* | 7.233 01 - 10° |2.248 09 - 10° |1.00361- 107" |3.596 94 - 10*
1 meganewton = |MN =t [1.01932 - 10° .|1.019 72 - 10° |1.019 72 - 10" |:7.233 01 : 10% |2.24809 - 10° | 1.00361 - 10° |3.586 84 - 10
1 millinewten =|mN3zn soa (101972 1077101972 710" 10° | 7.23301: 10°7 | 2.24809 - 107*[ 1,003 61 -.1077 | 3.596 94 - 107*
1dyne . =|dyne 1.01872 - 10°2.1.019 72 - 107 | 1:0] 1723301+ 10°*|2.248 09 - 10°*| 1.003 61 - 107" | 3.586 84 - 10°*
1sthene  =[sn - _1'.0'1_9"72'-"_15-" 101872 10 [1.018 72+ 10" |7.233.01 - 10" [2.24808- 10" | 1.003 61 - 107" | 3.596 94 - 107
1 kilopond  =|kp 10°? 10° 100 709316 220462 . 9,842 07 - 107435274 0
1 megapond = |Mp 1 10* 10° 709316 - 10" |2.20482- 10" -|9.84207 - 10°' {35,274 0 - 107
1 pond =|p 1074 1 10* 708316 - 10°* | 220462 - 107" | 2.842 07 - 10°"| 352740 - 1077
1emillipond  =|mp 0 103 1 708316 - 10°% | 220462 - 107 | 9.84207 - 10| 352740 - 107"
1 poundal =|pal 1.409 81 - 10°* [1.409 81 - 10* [1.40881-10* |1 0.031 0810 1.387 54 - 107*| 0.497 295
1 pound-force = |Ibf 4.53592 » 10°* | 4,535 92 - 10° |4,53592- 10° |32.1740 1 4,464 29+ 107* |16
1 UK ton-force = |UK tanf 101605+ 10°* |1 016,05 - 10° |1 016.05 + 10* | 72 069.89 2 240 1 35 840

| ! cunca-force = |ozf 2,834 85 - 107 % [2.834 95 - 10" ‘2,834 g5 - 10* | 2.01088 10.0&25 2.790 18 - 10°*% |1

Examples: 1N =0.101 972 kp: 1 kN = 1.003 61 - 107 ! ronf = 0.100 361 tonf;
1 kp = 9.806 65 - 10" * kN = 0.003 BO6 65 kN; 1 Ibf = 4.464 28 - 10°* 1onf = 0,000 446 429 toni.,
Exact values are printed in bold typa.
The United Kingdom units are denoted by the prefiz LK,
The American units are denoted by the prafis US.

oo 3 ol et g slaasly e bulyy 0 1AV — ¥ Jgi

Unit Abbreviation mi N : kM MM msn csn dsn SN dasn hsn ksn | dyne
Tmillinewton = | mi 1 10°* | 107 | 107 107 10°* | 107 | 107t | 107 | 107t 0" 10*
1 newton =|N 0 1 107 | 107 1 o= | 107* | 100t | 100t | 100t 10°* 10
1 kilonewton = | kN 104 100 1 1072 10? 10° 10" 1 1ot | 107® 107? 10
1meganewton = | MN 1of 108 io* 1 108 10* 10t 10* 100 100 1 101
1 millisthene = | msn 10° 1 109 10-® 1 10 | 1o | 1oc | 1ot oot 10°* 10°
1 centisthene = | cn 104 100 |07 | 1078 10! 1 10" | 100 | w7 | ot | 107t | 1o
1 decisthene = | dsn 10% 107 10 | 1074 10 10" ] 1wt | 107 | 107t 1071 107
1 sthene = | 1w | e | 100 | w0* | 1w | 10t |1 100¢ | 100F | 107 | w0
1 decasthene = | dan 107 10* 10 1w et i0° 00 | 0 1 0°' | 107t | ot
1 hectosthene = | hsn 10t 10% 10* 10" 10t 10 10t | 10t 0 1 EL R [+
1 kilosthene = | ksn 0* 10* 10? 1 10t 10° 1wt | et 10 10 1 10"
1 dvne = | dvne 10-7 | 10* | 10t | 1o | 1emr | o1et | 00T | et | et | 1om® foront |

Examples: 1N =10"" csn= 0.1 esn: 1 hsn= 10 kN = 100 kN,
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