2.1

-
The vapor pressuve of mercury s obtamed ¢rom Pervys Chemi-
cal Enameers’ Handbook, b*"ed,, p. 3-201 ay

AR Vapor press, bav
'O T.LOV ¢ 10""7
2,;00 1.729 w*

3,903 X (0"

By \;\terto latiow, the vapov pressuve of wmeveuvy ot 23°C s
2.2 x 10" " bar. Fov low prestwves, at aqu fehvium, the vapov
Ph@gg wmol #!’&b"’"éﬂ ot mevenyy can he ﬁMﬁiﬁd with the Use

Y= p:, / & wheve p = ﬂfsf'em pressave of \.013 bav

Ye .3 K Ib_"/l..OI‘i T 2,147 X lo"‘ kg mols “’/ke, wels Q;r
but g = wols Ha / (wols atv + Wwels Hg) ®wols H,/ wols aw
YThe g\maf#ta thm ot l\i’t '|‘t 05*\(\".‘ frow the Nle.dli aas ‘.Yg-

lokiom v = RT/p-: Guy 2%/ 1ae,300 = ?1-‘:30‘3'@/ ka wal

The ¢<ow c;e.\d’ra‘h;u ol Mmuh{ ;n atr at quf bebrivm l:: then
- Kk
C=(207%16°¢/ 2% 305)(200,6) * 1A XIO “ ko Hy [
« 17.9 w9 Ha/ m®
Smee the TPEL( P‘V“M'%S;Mef eypoiure TR ' 0.\*1“31 h*t%:
livait and thevefore 15 hot acceptable. '

Awnswevr
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This problem has been simpli@téd mml‘demb(y with &‘thber
of assumptions. Actually, the eorrosion vate for the \vom (ar-

bon S‘te.e.l) oVe!",_jt Yyear s et \» a Aired O¥Y hen level atwos-
pheve, Tt 1s most likely Haat the corrosion tate of tvon g |-
mited by the diffusion ate of acyqen to the tank surface,

Wneler the Circumstauces, the uv\alrsfs weuld reguive a covve.
stom model, (nformation on the it vote befove covrosion

product buildup, aud need sowte \ndicaton of ‘Hte Arffusivity
of the oYygew tw the corvosiom layer, As nclicated w the brob.
lewe, the veaction vate 1s o functidn o€ the Surface are \nside

the 'l:a_vlk. For & T.b-wm (Mside)dmﬁ\e{u $F‘\eh£.ql Mh‘tm:nw.
the nsyde avea I8 glv:fev\ by

A= Hm V;_l-: npl=M (7"')”: 181.5 w?
Tron covvosisn = (181.5)( 0.127¥ 167 )(71850) .= TRD kg foa

= (\%0. %) /Bes) 24): O.0%0LS ko /4

* 002065/ 55 = 3.7545x (5 kg el /b
D)(Ytnw vate = (3,7154s x lo“"’)( 1§ ey waal O, / 2.0 ka wo\ Fﬁ)
= 2,810 xm‘*k, wol /

At room. ;F-Qhﬂpﬂ-i'ﬂiure, (a.l-.l"c.) and latw, the sre.ci-ﬂlb vol-
Ume  Wside the tauk msum\ﬁaj Aw tdeal gas, 15

Ve (12.4)( 294,2 /273,0) = 24, 147 lm’/kq wol a\v
The oYY gen concentrvat ion undey these Lond itiens s
(021 24,147) = §,09¢ ka wol 0y [ w®
Tor & first ovder ruc.(néy\,

TBE L ke Wwhere' ks veaction vate convtunt, O
6 timie, awd ¢ & Concentration
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2-2 (covtinued)
When e¢=t.Latxio kg mI/;J the O, vate 15 2,816 Y10 kﬁml/h
aned the tank volume {s 2119.¢ m?, At ths condition

d"' =2, 1o~ ¢ _
d.e il W + ={, 225 Xip L‘kﬂmlfvﬂ‘.h

Solving for the veaction vate eomstavil gives
- - -4
ke -(25)/e = (225 %167/ 800167  Luogxic ™

Now solve for the 4Vme when O, concentvadion 15 reduced
to 19.5 moel perveeut. I,w!'tth:mq the. oh"oja“u{ rate equation
results in

| ‘h(Cq /C;:)‘l: k(B,.-' et) wheye 9. =0
= 1w (Qi/C:»)/k

* Iw(o./0,1a5)/ 1403 %10 "

= 526 h ov épprox. 2% dais

Dwswey
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A=3

A“Zs tAme ‘tlr\a.‘t the d;‘u'h‘oh m}* t‘s a\va‘[ |nb|¢,. a{‘_, o 't}\npo_ Vﬁtl{n
ot 20°C oawd & predsure of | atm. The evaporation vate i
7.5¢(min or 0,0075 kq[win, Thus,

My = 0.00TS/ T8 £ G621 X107 kg wol vinyl “‘chiovide /min
At Latm use the teleal gas to ebtain the volumenie How vate

Wy, ey RT/p = @200 T)(8314)(293/ 1013 x10°
> 2.31 X156 w! fmika
Swire the PEL <fov vfuyl chlovide s |"“M
Wy,air = (Mg )(10%) ¢ (231 x 1673)( to®)
e 1.31 %\0? M]/Un;\n | .
It & satety tactor of 5§ 1% vequived,
';‘vguirt (5) 231 x40*) /6O = 192,% wf/s

Answ ey
This s a 4&'\’&7 hlék flow vate and would heed one. or two
\arne blowers,
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2-4
The dews ;'Ey of hewnzewe ot 22°C g %74 kg/vn3. The molecu -
lar wetght 18 78.1 ko / kg wel.

Swice the pressure 15 low ossume the 1deal gas law |
cable to the awv stream that s used for veutilation.

My, = (20 0107w} (\"M kn__ ) / 791 L
Bt ( 3 'hlh) -y —‘%;;;‘ S

* 22500 X16% ke wol /min
’ | "f
Wy v “RT/p e (22500 %167ky mf)(nm S )(:zqs k)
" ko Mol ¢
L 27 x o M?/Ml;\ )

Astume CO M P[g{-e A
Ay

appli~

K:\a.q ot H"e bﬂazene, with the d.'l(u‘-f lét\“

‘;’*‘v dfir = Qa A o™ W B;)( TR ~
' T /107 i/ |
4 W Bu/win

= LL7 Wt Ay ! AW

Avnswer
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2-5

Yo de{evmih&-ﬁ‘tkyxlengﬁk of time the camnister will be Usable,

we will neeg to find o V’e.lﬂ‘héh!ﬁ\'p between the amount ad-
Sovbed awd (T/V) L (¢,1¢). Let Y:F/V) logﬁf‘g/ﬂ ond Y the a-
mount adsorbed 1w cm‘(liq) [ od ) chareoal. Frowt the date O;VCK)
when ys | yeg
‘ 9 s {o X= |
ACtuming & lwear velation of log yeax +b
\log I= 21a b
logio:= tla + b
oF loa(l[lb.]":- |Ds acz- 0D,
b= Io, 10 - H(-0.1) " b= 2,
The Woleculay Wuék{' o¢ dl.GhIGVoFmPahGCDCF) s U3, de"l':'l:(y

15 LILO kg /m), and molar volume= M3/ kg mal. The vapor
pressuve frem Pevey:

$ Ckemnéul Evnatueevs' Ha
Te.mp.,“c \/q[oov press. \Mub
lay 4o
24 Lo

Assum\ﬁg the Awvteine egquation €an be used o vepresent the
vapov pvessuve of DLP

ey p = AvB/y
log Ho: A+ B/ 242,55
log 4D = A4+ B8/ 301015

Solving the latter two eguntiowns Siiﬂﬂ\ltahtﬁvﬂy vesults \u
= ~1%02 A= 2720
At 2L.9°C ov 300,05k
log p = 7;7(.+(-—I?02."[ 300,05) « (."15¢
P= SCe wmm Hy.

Detevmime the fugacity of VP by astuming thal vt is essen-
tlally ecqual o the partial pressuve. Thus,




"2-5 ( continued)
% p
P= Ypr wheve Pr » % tal pressuve one Y= 75'0/"?"

P=(150/10%(7¢0) = 0.57mm Hy
theretove, €5 /¢ = 50.9/0.57: qq 3,

% = (T(v) log (#:/¢). Boo/ 100) 109(32.32) - 5,494
Mow aetevmive how muels 98¢ has bheen adsorbed
. log s =~ Olx + 2,1 = (-0.1)(5.49) +2.0 = |.50%
Y= 3\.¢% t.m‘/loo 4 tha rco al
For |00 satuvation, amount adsovhed Pev 100y chavega) 1
e (144 cm‘/i:oOQ c)( [0 9/%') * 36,439
At 9297, sa'l:um'l-u:u, amount ad sevbed betove. bvakthrouak '$
" v (.23)(0.92)=30.3 "
Now cletermine volume of aiv associated with 30,3 o DEP
Mg ® (w ) (10"’ % wel aty .
3g0CP ‘7503!“-' D(p)‘ 3§75 qmlaf\-

v WRT/p= (357,50 wol)( 82,00 atw .omd\,..
Vol of air /P L_‘_‘_{&N)( €2 Q m)(%ﬂo K)

> 8. ¥ X0 amt: §,3000 - 5.8

At 45 L[ mwn

6« (8,500 L)/ (45 2fmin) = 195 wam = 3,251,

AVNIWer
C,‘q“uts‘t'er' skould iast 3.15"« be#o’n B\reqk.

through oceurs,
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1-¢. |
I£ the wuixture s at the flash powt

AﬂuM"hg Raob*'s law oppl

Mie Pui X2 /p
wheve Pv,i 8 the Vapor Pressuve of compovient Ay P theavpvessun,ﬂud

XL dud y; the mol fraction of component i the hquid and vapor,
res pec:l:i'Ve.ly. Vapor pressure of Ceawnd Cy are available $vom
s Chemveal Engiveers' Hawd book , Ltk ed, p.3-58

Assume €lash temperature of 13°C

'C-bw\p X | Pv, Ay alm ﬁ 4 LFL
Cy 0.6 0.0121% V.004IS 0.0t
2 . 0.00415, 0,00]1%) |
2 LFL; "’;‘s‘b—- + m s 0.§yd {'.ewq:- ’bo law
Assume flash temperatuve of 21.1%¢
Cownp R 4 Pvid, atm M LFL;
Ce 0.% 0.0l4S 0.006725 0.0\
Ca 0. S 0.00%4 0.602» 0.00%

T 4L . 000725 , o0onm

. 2 \.0

The $lagl pm;a‘t for this wirtuve Is 21l.\1°¢

Answ ey
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2-7 _
At equﬂiﬁi‘;um, 'F;_.L“ﬂ,y S Yefinitions
Si’gm ' R | -F“_: {""3"‘&;{7 of ll'qut‘é
ISV IR €y = Tuguclty of vapor
fiv = oy M G = lguid phase achivily coef,
\ {o,l- Xi= @1 'Fo,v $i ~ @r = vapor phase N:h'\!ﬂj coett,
At low presgtuves f',’.__t puve comp,ali'-q. acuga.d{y
?V - P. ' fov® Pure comps vapor -Fujuci{r
o Pv P = total prersure
@, =1.0

o .
.. > Py © vapor pPvessuve
The.\!‘d:we Y‘i Pv ¥X; = P v v f F

For an tdeal solutizn, Y2 =!

ond xl*’;: = P"i
™ the acelone has wo air dissolved 1w t, Xo=t.0 and A 18
the LFL.or 41= 0.0255.

At & total pressuve of \ atw,
Pe: Miplrs
< (on DISS\(I.O]/LO
> 0,0258 atwy = 1938 wxm\ehi
Acetone has o vapor pressure of 1138 wm Hg at a tewmpera-

ture of -2.4°C (P_e-_"ﬂ’i_w;“‘ éﬁﬁM' Hawnd book | bth ed,,
P. ~%0.

Thten (calenlated) = = 21.4°C

Awnsw ey

The handbook Dangevous ?mner'hés of Dndustrial Materials
provides & weasured -Fash point for acetone of - 17.8%,
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2-8

At equilibriuwm, acetone, Rentene  ethyl ether. awnd n-pentene ave
XYoo Vich t» ;éu]'te_, Cavbhow disulfide and w\e:(-kyl alcohol will always
be tn the flammable vange . It showld be woted t‘“t* all o} the va.
borizing hq'&fals: v be \jwited f wot ot equilibrium, Some ave
alsa  quite toxie.

Answer

The :{'.\[ pes of five Qth;lﬁtﬂShQTS TQGOMW;MAQA whewn o small spi I
'S lﬁhitd ove 085 ftollows:

*ﬁ,&&tbhe alcohgl ‘FOQVU\', d"Y CkGM;CA" C-D;.

bewzene -Faaw\' d"Y d«emtlaf_, CO,,
tavhon disulfide foawm, water blanket

etiyl ether al Lohol Gmm,dyy chemeal €O,
w ety alcohol alcohol Yoaw, dvy chemieal, LD,

n- pevitane foom | dry chemical, co,

Awng wey



2-9 _
The stoichiometric balamce £oy the veactiow i¢ g'wm by

Cyllg + 50, + S(3TQN, —* 30, + 4 H,0 + 5(370) N
For  200°) theovetital awr, the bolawce becowes

CyRg* 100, +10(376) Ny —> 30, ¢ +H,0+50,410(37C) N,
Sinece all the enevyy gencroted from *ﬂn combustion process
is absorbed by the procudt gases, the 4iiol fiehur?.\rdwe of the
products s det ermuned bs( weans of m\: A:du abhatie flame tewn-
‘,Qw.:(-uu_ Ml&u‘a‘*’l.ﬁ'\a ch, heoﬂ‘ cqpau‘l'\e: ‘&w-- a\dﬂ QQM'Q-
V\Q,\_\.“‘. 1% & ‘(’Khtﬂ'!‘h of the ‘t&h\Pu’Ql:un, awnd Mumg " know-
\edae of the - temperature velation of those Lohtpdheuts.
Prevewdt solt wave ts avatiable avd can be ufed to vapidly con-
verqe with o heat balance on the apprepvate flame tewm-
pevoture, Whew this 13 dove, a tempersture of 1527k
12 obtowned , Answer

The 1tevative caleulation can alse be done by usu:1 oM™ en-
‘\:ka.lpy table a9 a Function of ﬁempc@twe f"o\f'ea.ck o¥

the coponents. The \atter 1t available v Rolwmans T rmo

d;uami&s, Hth ed. Table A-1%, pp 7585 -6 awvd \$ used u:\ the
hewnd caleulation of thig problem . The ew evgy balance i1

(W Dy 3R 4o Bandlep 3 400 Ry + (0 Ty
+ 310 (hpthe=h,, )\,

Wheve h : 1s the wmolar heal of E‘G’W‘(’lah' qutkzmbtﬁ'\' tn-

243 .. fovr the c.oMFamn‘te, as cles iqhd:e.d hy the wbscvfpts.
Molav haats of tormetion for these components  are Liromw
Toble A-¢ of the same text,

Heat lostes to the survoundivgs ave astumed to he hqh.q.lh\t.
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2-G {continued)

TQ Obhih the funal {G—M‘N—V‘dufﬁ, assUuUme dl'H-QYQu‘{ -!a\ueg of Mhﬁrﬂr
buvre until the enerqy balance \$ COWVS) ﬁ‘.ey\‘t.Um"ts ki lh,im-i.

Assume Vs \SS5K

-10%,225 = 3(\-”- 393 7924 ’1'},3%.-%7'4) +‘f(—-1¢l,qﬁw *go.ub-qqm)
r s(S1,307-gued) + 32.6(49,034-g0)

~ 103,925 # - 20,500
Temperntuve assumed 13 tos high; assume T2 1500 K
~\03,225 = 3(=343,7§2+ T1,131- A374-)+ % (- 241,997+ 54,050-99 ou)
' Ls(#a,a7-80ed) ¢ 306 (¥7,092- $07¢)
- 103,215 ¥ -113,947

Tew perature &5Sumed s too fow. ‘37 ntevpolation, the final
tewpergture under odiabatic conditions 18 St K

The 1deal qas law s valid at tow pressuves Py, | lnléln {tmpm-
Ttures. Thug,

gt THHY 3L 4.6 ke Wol [ kg wol fuel
2 4940 ko wol/ 100 kool Fuel

Ve (Hac0)@314)( 1)/ 10,300 = 615,000 w®
= b.t5 X 105w}
Answer

Rotio of Fival volume to nitial volume 1% gn;eh by

V%; Ml (aet)(1sn)

-

T Bk (2as) t YT
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4-10

Smee the lower Hlammability timit (LFL) for acetone wmpor 1w
alvr s 2,557 the maimum vapor pressave the acetone

cowlel hWave would he
by = (0.0255) (T60)= 14,38 mu Hy

The {c.mpe.vu‘tum eqm'\}aluﬂl o thats vaper pvessuve Wy he de-
te,,vwn;\d utili’z'ivg the expevimental datoa pvovided i Pevr ‘
Chewneal Engineers' Hanelbook, Gth ed., p. 3-50 aud the use of tie
Antoine egquotion with the fovim

Wpys a-b/Qe279)
The Vaper pvessuvre ol acetone 1 e Yauye of wteves ¢

t,%¢ P:.MM Ha
~40.95 5
“~20,.% 20

Mbsttunt t'&ﬂ these values W the exPIre,sﬂ;;m
m 5= a-bf(-40.5 + 273)
\n 20= a- b/(-208 +273)

'S;lw;q the gquaf\bm Sl';nul‘tcmeougly q@g; a: 43k and
bs Hi12L,%. Thu&,

Tn 10,38 = 19.% - 41263/ (4 + 273)
t‘% had 11.3‘"('
TkQ, mbhe WQu‘d hﬁve ‘to be m‘ed -bdow' '1'-3“('“

avetd aw acetone-aiv wixture that could be ignited
with a dis chavree of stotic elect reity, Such Lﬁoh;‘q

15 ot very pv'actmll awvd the use of an nevt qas blanket
should be umi‘deni.e;l gur\‘nﬂ the il l.;flﬁ oleration, '

Awngwey




2 -1
]’he*demﬁ\aos;‘h'ou reackion 15 the -Follcam\;uj

c/'lv H‘_I—-"'—-h 1(' +-.H’¥' )
*‘(-om!onevﬂ'. Mols tn wols ot ‘tem'.T mo! +rection

Ca Ky \ =X ' !:X
Ha o b 4 4

¥ Assuvmes Solid Cavbow

vodvet .
Usi‘w 'tkc; wowmenclotuve a Mg‘ﬂtdlﬂo,\[ from Savdievs (hm‘sgl

and “Ewgineenng Thermodynamics
. - 3

2 Yu _._3(? Wheve X = extent o¢ Veae .

KalT)= €” LAEIW(.T\/RT)

Assume for hotlh cavbou andl hydvoﬁev\
Aq, (25°C)= 0 awd AW (25%) =0

LGy, (25%¢) = - Aty (25%C),,. = -50, 000 cal [ el
DY, (zg-qf. ~ AH, (7-5'0)%&;" - 54,(9Y cal /q ma |
The hent” capacities for €, H, and G KR, $it the relatigna
Cei®0s +0iT + :T™4 diT? vex /T cal [gwmel K wheve T 5
i kelving, '

Comp. o °XIb* exipS dxip’

e
C 2.673 0.2617 - - 16,900
H, ©A52 = DiousTL  0.045,3 -~0,2074 -
G, H, S.t 2,2008 -~ [.55¢ $,3 49 -

Doto ave fvom Sadler awd
For heats of reaction at othes

Prrys Chomicel Engueees’ Havdbook
‘l‘emp.gmnm -bas;de-s 25° ovr T,
ARyg (TY= AHw (T,) + 8o (T-T) + Bb/Y(T*T*) +{Ac [A(T-T3+
Bd/e T 1) - Qe (% - L)
Wheve: Anc T v, o cete, and 9, 2 stoichiometrie eoefficient
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2-1 (continued)))

KolT) for cother temperntuves beswdes ot T, o 15 °%C

In kalT) R v T, ¥ R(T T') *Tﬁ_f"(T -T?’) + .&% (T"‘_T:") .

{ \ .
éi% ( T Jl':‘) + %S‘A“I’i (T\) *ﬁﬂ.:r‘_:-i- éih'rl"

+ ALy,
é_i ,‘u_ ¢ )
Y% v %%}( _T" “1;) )
For this vaastion K= X/Ci-x) or
< Kal®

w'\nerg V\;.y‘h ave {"\L wals "Ekoﬂ ewter
Weat capacf{y whi‘h\ﬂ! "hb h't‘l'd
Aa = 7.0¢¢
Ab: -{,7232 g™

Ac = 1654w’
Ad = -4 5¢CLa x 10"

de - 2#333 X\b S

Ko (25 ‘C) . e U s°'°°°)/0 A37)(20g.1)
= 4.5 yip*

Hrmee the Final tewmparature will be yel
\may be asgumeld to be vahd.'ﬂ\qg,

d’fvcly hl;Jk, the I1deal gas \aw

Cvjis Cpi-Rea;~R4b; T+ GT +di T o fr?
PRRNCE R e 3223 L (wabi) e = 2,2 0OSXID T(naes)e =155 15%
2 (m; d;_)\},‘:- 2,%% L 10" E(vie\ms 0O -

With iy wformation, €qs, QV, () anol (3) can ‘be solved simul tave-
OML’. The resulte ave

T= 2467 K awd Xz O4R4
The Pn‘bel&n will then be ohtained $From



2+t (continued,2?

(:v{T'\t *P\(T,I‘TJ: \D(ﬁlﬂ[ﬁ\t] » 44.4 atw

With e satfety facter of 4, the tavk should he able 4o withstand a
pressuve of tﬁf&h‘l"?”Y 400 ot
For spherical wutainers, Table 12-10 pvovides a relatiow to op-
taiw the Minimuvm wall thickuess € of ‘the tank ac

ke —2V¥a
L3 -02P ,
Where Pis the wmavimum alowable pressuve,, v; the tiside vadius
S the waximum allowable working Stvess €} the efficieney of H
welded jowut, Assume thal the cavbom steel wsed wh the tamk 11
SA-di42 Gvade 5§ with an § value of qy,7 MPa. avtl Haat the
welds ave butt jomts with complete penetvation and spst ey amined
res u\‘h;.’ m & Weld a@P\C\'em{ ot 95°,.
The Gduameter of the gphw;cal tank was uet given . Assume
INside diamekers of |, 2, and Swmeters. For a lewm diameter
4 pheve

4. &oo) (Lo x1p%)( 0.5) _
i~ w
2(9 4,7%10*)(0.4%) - 0.2) (409)(1.613 X 105

= Q3w ov S.2lwn
Fov 2 avid § Wt 1nside diawmeters,
Ave 0.2L5 . and 0,002 wa .

%
Awswer

The Fesultt thow the udva.ntqe o ho.wk, & properly des'\qheel
ve et valve awd burst dusk Mse\n\»\y closely hed o wikh the

veo clov wh*cl‘im‘vq te dt'—bmpb&ﬂw:h veachaw of scelylewe,

Il would ke wmpbrudent te Yecommend & ﬁp\ae\nial Contetiney
with & wall thickuest gqvester than 0.0175 becanse of e
Yeocktor Costs twyolved.

The Mminim am th teknesses




2. \F

L=(2
The rate o which emeray s Produced m a veactor i3 cau;eu bv te
velotion

:Ll—g = AUty ko CV e LBIRY)

where dg /d@ s the heat lLiberated over time Aty, the hWesd o
vesction, C the toncewtvation of the veactant, v,
of the veattor, E the ackivation enersy,
smd T the tewperatuve,

When the veaction 13 evotherwic, heat must be rewoved $rom the

reactor to keep the tempevatuve €rom fhcnaslﬁ1 beyounel comtvel.
The heot tvauster ate can be writtew ag

% r UA (T-—- Tﬁ) |

wheve U 1s the overall hest trangfer Coekficient, A the heat
trancier avee, awdl To the wolawt tewpevature. T4 heat can
be reimoved as vapitdly as heat \3 gewerated by the veactiowm,
the veaction com be kept under comtvol, Thus, at stend y
State

AUy ko Ve FT) LG (T=T0)

To simplify the velation, let Be AHw ko,CV and K: UA,Tius,

Be (YN | v (T-T0)
Oy BQ‘LE/RTJ) —K(T" Tp) =D

Volume
R the qas constayt,

The Waximum tewperoture Wheve the stemdy - state enevyy
balance & valid can be found by setting itc devivative Wwitt,

respect to tewpevatuve equal to zeve, Tle;;q this, vesuts 1w
Be (E/RT (E/RTJ) -K=0

where Te 13 the criticaf or mayimum temperature. However,
Be -(.EIQT) = K (TL "‘1’01 |

abt the morimum temperet uve. Substituling this 1uto The I""'-*";
vicus eguation and solving Yor K gﬁteﬁ-




2-12 (continyed)

K (Te=To)(E/RT) = K .
By Fe-To) = RTE/E whiih cam be used to $iind Te
Subsvl-t:l—wl'ulq values

(T(_‘ 7-%1|') - I-QQ'T Tc:b/lsnooo

Ye= 1qq’i3 K |

This weans that i+ the tempevatuve tn the repcter vises
above 29%.3K (21.1°C) the veanctor will bepin to qevevate
tuevgy faster thaw 1t eaw be vewmoved and the venct ion w i

Yun away. Nete that ouly a. €.2°C vise in tew peratuve
‘W the veastor caw be tolevated.

Answey

For safe opevation of the veactor some ov all of 4o fo llow-
\ing act ioms tan be tokew:

\. Ih&"""eﬁ‘-}e the sl*lew of fke‘ ked th‘.k‘,

2, Iu]ec:l, am ihibitor \nwte the md—w ov
reothiow € it ¢ veuly to e b out ot

3. Reduce the feed to tae veoctov
4., Provide el eqhwd*e Mt.ni-l&l& for the veactor Lo M““Q‘“‘Y

wyer
quench the
cowtvel

W3¢

€. Aded d‘iluu\{t 'l:? the veactor o reduce the veaction
h'h-( These wii} prn.HT have to be Se PMM fvom
the product after the veaction (g completed)
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A sZs‘g:gn tor Dravsfernimg hauid chlovine from o chlovive stovaye
contaiver with pressun chlovine qas 18 shown below, A feature of

thit des't,u T w{d&# systew thal uﬁ‘(l'zv.s o durliul{t bu?rt Y s-
tem to simplify replatewmenl of the dises with a wiechawcal inter-
lock between the two burst Systewms, Bottowm outlets hove been avoided
S0 that jowts ave uot exposed to tiuid chievine and the only leakase,
will he of & gaseos ha‘thtlw‘. ‘
The —swer:tY o} the leak 1 vedueed b\, {fnwmﬂg The Pressure within
+ha s‘tbmqe, whﬂlmf oV SY.STCH&- A ﬁdl mugt he, ﬁVﬂl‘ﬁblg to “@M‘
plich this pretsure reduction during chiorine tvausfer as well, A-waste
Chiovine absorption unit that uses caugtic ov sowme simubar <hiovine
Conguwithg process 15 Yecommended, Tn additton, an eypansoy vessel
5 provided with an alarm to hawdlle Ay prestuve build=up th the
Container, The eypansion tavk & aute Mq‘hcﬂki vewnted to H.e
hbSOVWu System (See figure),
The vecomrveocd dry chionine tan be stoved tu & Preseure stove
age  vecefver fitted with & velief valve <et to dis chavae te the
waste chlovine absovption unit at o predeterwined prescuve.

th o prea-

Swe Storane tank thuk caw utilize an exterwal heocter o va -

quid chierive. Cantrel of the Vn.'al"; 1t tow heatey
18 tied to the pressure cowtigl  tystem for the stevage tank.

Rettet valver wust perimit over-pressuvization to be relieved

with excess chlovine vapor 30.:"‘ to the waste chlovine absovp.
tion vttt described above.

?“’ possible E“S{:_"%“‘f“i‘ arvemsement for the- chiovine Vapoy-
Izey s Shown (n the second -Ffsju.rf_,
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2-13 { continued 2)

Steam

=

2. |
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Egdhdhg"tkg_fm_eﬁw - oF a Wazardous hg*e\‘t'a‘ W 6 process e
Cludes, but 1s net Iimrted to the -Follbwfu, tems

l. Tnvestigdte the possibility of producivg the end product kY another
Proceac thet does wol the use of a Vev\[ hezavdous material,

2. Determine wWhetber the Ma.qudOW: Vﬁﬂ(‘”‘“‘i‘nk\/ he veacted ov
tomhined before the divshillation ftcp to form & nem- hazavdous
maﬁ‘e,\-{g| . 14 the hazorAsus wetenal {8 a ve,a.cta.ut, ruyr,-l-e ‘the

Stream back tu the Process to veduce the hazardous waterial
contewt before the distillation step.

3. 'Dtpc\adt;\ﬁ upon how the hatavdous watenal used th the
process, delevmme whether theve ave wiove efficiemt ways of

abs ovbing , adsorlv*uéq . tmpptﬁg, Lomplexiing ¢te, the hazardovs

matevials to avord Euﬂﬁt’ a divstiilatioy orgrwh&. that o,mcm;l\),
has Covsiderably qreater difficulty in attaining ppw concevtva-
tions th & producd stveawm .

4. I elivimation of the hezavdous watenal i3 wet poss;ble,lop-n
erate the ellsti({ation apmhélm on o continuous knsli.Thﬁ
will vequire less woterial heing handied, swmalier equipment
uted Witw posiible elimination of the buller storane, avdl \m-
proved chawnces of coutainment shouls theve be o leak ,

s, IMPWV'G the etficriencies of thae t:ofumn to ye'dqu, build-u
ot halavdous matevials. Guidelineg for such improvements

ave Hiven hy K.€. Nelsowm, Hyd vecavbon Pmsmﬁg 1 (3),

"AHE! (@1

A distillakion “Column caw be cowtvolled  Waany Wiys, Genevally,
theve 15 wo owe boast” wey. Whick one 1s 4o be predered depends on
the purpose of the sephvahon the types of covtvols avaylable foy
each sevvice, the Var\hbil'ﬂ.\, of the feed, and the velative i'i'w\.pdv- -

tauce of the product vecovery amd product purity.Eoch case weeds
to be analyzed sepavately,




2-14 ( comtinued)

'3

A Typica distillation columm with a??vopw'ate. metrumentation 1w which
boasic towtvole ave assisted with predictive and analyzer \oops 1§ out.
lined w Pexryt Chewical Evaiwesrs’ Hamdbook, Ltk ed., p.32-Ug and is ro-
pradwnced below with the perwission of Mc§raw-Mitl,

KT

(o€ ANALYZER
LLKT

SPEC. PURITY {y")

LLKF
LKF
MK F

'

(@=G
© LKBS
acYTOMS X
1. Nemencloture Summary fer Fig.
Symbol | Explanation
Dp Contribution of feedback control to distillate-flow set
point |
Dy Contribution of predictive control
D.d Contribution of noninteractive decoupler to distillate-
flow set point
Dy Contribution of noninteractive decoupler to reboiler-
heat set point
HKF Heavy key feed-stream component
HKT Heavy key overhead-product-stream-component
concentration, weight percent
HKTS Specified concentration of heavy key component in
overhead product, weight percent
LKBS, =* Specified concentration of light key component in
bottoms product, weight percent
LKF, z Light-key-feed-stream-component concentration, weight
percent |
LLKF Lighter-than-light-key-feed-stream-component
concentration, weight percent
LLKT Lighter-than-light-key-overhead-product-stream-
component concentration, weight percent
Q Reboiler heat, BTU/unit time
Cn Contribution of feedback control to steam-flow set point
Qs Contribution of predictive control to steam-flow set
point
Q,/F Weight ratio, reboiler-heat-to-feed
x*, LKBS Specified concentration of light key component in
bottoms product, weight percent
z, LKF Light-key-feed-stream-component concentration, weight

percent

0 SCALER
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HAZOP for Line L-102
Guide word Property Possible ~ Possible Action required
cause consequence
More Temperature A Pump seal Install a
failure, feed-back Line
vapor lock
Less Temperature Low ambient B sfea.m tracing
temperature
More Flow Line fracture Spillage (possible C
large explosion)
Pump seal Spillage (possible D
failure small explosion) |
Control Consider bypass
fauit
No Flow E Shutdown Low level alarm
F Shutdown Automatic start~up
of standby pump
Reverse Flow Pump Backpressure G
| failure on storage
vessel
As well as Impurities H Possible small =~ Priming lLine

—_——— e detonatown.

The m%sfhj itemis below complete the HAZOP study above:

A, Steam tl’“‘-;hg. O”va‘h;!q meeorvectly or downstreaw
valve closed
B. Thermal Stress own line

C. Tngstall flow contvel with avtomatic shutold

D. Flow diverted 'l:hrwgk S‘tandb,y pump capable ot automa-
tic startup

E. Tank ew\?fy

F. Pump $atluve

Q. Relieve bdckpvessun ,.di'urt tlow threugh stancloy
pump With autowmatic startup

H. Pump drawing in air or operator error

Answer
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The -impo\f_taw( foctovrs to he Comsideved for P‘@thoc&tb‘\ iM‘aThe-F‘gv-
tilizer [wdustry ave (1) vaw matenals,(2) markds (3) transprtation
faci(lties, (4) power and fuel availability, (&) waste disposal, A?t§ ©)
water Supply, The ortler of tmportance varies with the fevtilizer
considevod and to some extenl tq the stze of ﬁfih‘f~-t$'\i&émr;i¢tco\u
Awnalysic of this situation for avnvnOhlq,,MVG&,ahd‘phosfka*F fev.
tilizey vegquires & kwow ltdge of the raw matevials :'eqmnd
awnd the Mottt commonly used precess {’-ov each ‘F&ftl”t.e\r; A'
Comeise veview OF these vequiremeils is gtyen by &.T/ Austinin
Shreve's Chemioal Process Tndustvies, Sth ed. Abeut 40% of s
awimonia. production uses wotum| gas oy the feed stoek, The ve.
aetions ave

._ + Moo N cal'&«‘tlst
-C'H‘*M "7 2360 ke, 515 CO‘U’ v H"@

(_.Hq (9-\ 3 a‘\y —N-\—‘%_:'.\I.&_,

l/l N’\-(!n + 3/1 Ha.(g) M_t_.

pPYessure

The Pvocte ss quuivtcs |ay~5c_ awmourits of power awd COGlI:\ﬁ w@teyﬁl'ﬁm
hatwral gas s e.CtSllr '\;Mut‘rw“f:ed by pipeline the plait need net be
located uear the gas well. Rather, it 1I's wore profitable 1o locate. tlre
Ploil close to 4he warkets. Thus, the latler is He wost tmportant
facter W plant locotiow, Adequdea power amel watey San»’q would aito
vant b quite hi tj'n. As the: sire of the plom't ;hc.TCA.SQd, More e s'iders.
Lien weuld have o by given to transportation facilihes siuee the v
kets would be fvowm the plomt. Adequate Supply ot vatuval §as
would also become mportant with plawt Size,

The Comwertial pracesses 1y curvewt use. for the wmemw Yoactwre of
uveo. ave based on two veactions hame ly

_22Ma
| (“OLQI + INM, e — A NHy COLNK, (,,



2-17 ( continued)

NHW CO,NH, NH, €O anu] + H;.D(.l.\

This process vequiven approximalely 1/% the power omdl ool watey
of {hat v*&qmﬁ*ed\fov ﬂ& G.W\M?MIA: P\mc,cgs Pc,\( uy\“‘t‘l w.;lal»ft'a? ;‘V‘-
tiliter produced, Stnte ammonia 1§ one ot the principal vaw wa-
tevialg chwv}ul for the processt ity wmnth Wwové !W\Eﬂﬂﬂht'&. U
sider Lhe souvee of e vow wnterwlis tw o Selgq:;fw\.\ ot the P[ah‘.‘t
site for the F\"ﬁdwz}‘\&h ot uvea. Tkl‘s‘ fector w!.“ he ’t‘ttsilf;.:?'f'
(mpovtant cons\deration evew with an lhamse w plawn ste,
Howevet, stnce the et (izer vaavieds ave wol as }“Vje @3 Cov the
vow matewal avetal c.ohs;dm*im wiust be givem o mmarkets
and the tramspovtation vieessar o veach those wa vicels,

Prosphate Lovtilizey 1S obtamed frow p\\mrku‘tm voe k év-cp.
The accidulation of phosphate vock 1o produce superphosphate
tertilizer taw Pwhgbly vest e desevt bed 'ay the 'Fo(luw&ﬁ Ve
a.«ff";an}

CaFr3eaPoy), + 7 HaSOw ¥3Hio —— 3¢ait, (P0,),¢ W0 +IHF +7casD,

Since the P\'}"P}f“t’ rock musl Ge concentrated aftev it 15 Wined
plamt loeotiow ¢ deterwminesd by the location of the phmpkd.&i

rock ove teaqavdlest of plant sire, The aspects of waste du;}mn( of the
von- phetphate roek s divectly velated to tue Muing opevation, Mar.
kels df\redhf affect plau‘t sine.,

&MSWW
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The diluted waste sawmple coutmwe 154 of waste awd RSy of
dilution water. The tatal oyygen available fov comsumption by
the woste s

g ot 0, ¢ (es)(a)/10s w365 %107
The final vrygqen content of the diluted Sample 3
q ot 0,= (500)(W)/1w"* « 2.0 XIO"Q
The ovygenw depletion due o the 1T 9 waste sawmple 1s
Oy depletion= 4.3¢5 X 103 9,0y 142

= 23&5!!6'33
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pects ay covisideved v the selutww ¥ Problewa 241y

The worl cmmoﬁ ‘methed to Vapov 128 ckbw% s to wie shetm (k&
heet twy corl tmmevs ed n the chilovine \i‘td v the vqmr;z.w . A

5 che matic with ‘kypi:ul Wit vumentation ts Slmyh w the selwtion
of Pvoblem 2-13 awd will wot be vepealed Were.

The did advartage of usig Wit water te vaporize the chiovine is th
weed for o ‘&.\rgev" oIl and & Grester potewhal for -Fwetu;g ol the uy
(MR P of U, 1s - 3u°C), Economics \s probably the majov oleterrenl fo,
ot ustwg o closed civeiit heating with & heat transfer flwd that s
wevt to chlovine,

The use of ‘o\,-\heat‘hi\, ol \wmwmevsed below the hﬁufd level w a chio-
vine vaporizer & the pre flevek arvangement *-’-*-°lefsk the
vapavtldhhw \ Nt‘f WWl\' {3 t’&'?. &'l!ed tubg lg,” Qm‘sh \t l""‘ &ka
less sSwm¢ cgp‘t\ble to leaks awet fanluwres. '

Awncw ey
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1-20
The net heat tawsier flux 4o o stovage tauk during & five comes

from vaciotion ome comvechon atbributed to the five Hul suvvpuds
tank and caw Ve opprox \waoted by

Q et *© %v t 1:, + Qvy
Where gy iy the vadiation Huk €rom The five, 4, the convechon Fiu,
{vom the {‘\\"e' owd %w it\ne.'wd\ﬂ.*lbh Hwy back €yrom the 'ta“‘kim v
dvakiom Fluxes ave preportional to the d'{-@hwuca:s W the fourthy pow:::-
of the akselule temperatures oy the xaciativg and abtorbing sur-
Soces. The convection flux tom be estimates of natuval onyvection
heat tramsfey. Simea the suviate of twterest tn the problem 13 jaree
o\ weﬁ;m!r the velatigns for watuvrel convection on vertieal *pl«ne,
Suvtaces ave twe WMott appropriate ones to use, The flame caw ke as-
& uw ed ‘+o bave "tvﬂ“’ Pay‘t P’lﬂwﬂlﬂ qu‘ te thal ot hl‘t rr 1" the
flawme owd e fact that wost of the gas 1w the Rume 18 Mitrogen.
Flawme tewmperatures vary from fuel tofuel, but o tewporature of
about 1500k will pvevide & veasownable avevose valae fov Wweast

eyt uations .

H the bewtesne tank, assumed to be a vertical Wh‘;‘dﬂ, 5. te stove
1600 w\‘,- ts Wilnlmum kt.tgkt; \s qi‘vm by

V= wOiZ /y -
y QV/T"DI m(“l’\ULOO) /‘l’f(_\s')‘ T 4,05 wr

Stovagqe tauks gewevally \uv‘t an ullage volume of 107 or wove
to take cave o hquid erpansion and previole -actditional volume
for Sowme vgpor;u{'tm\- ts ocaar without appreciably \'hc\reaslﬁqﬁ‘g.
‘t'auk pm'tsmre- Heot ‘tnns@ev to the Sur*!'a,ce---qvu Sy auudmﬂ the
ullugt. ‘ipu:.e. will be mfh‘lm\ Cnmln\fd te the suri{azceé ‘Geo. M'H;e.ei

by the full tank contents. Thus, ouly the latter aven will be used \n
the heat transler walewlatioun, Also assuwe that the tamperatuve of

the wetted wall to be at the ba'ﬂfn: Faiht tewmperature e-f— the fluid
beiwg stored tw the tonk, Theve Wil he a.'lre!m?e_\mi:uu gradiont thvowah
the tonk wall, but this will ke swall ond have wmivawal effed on the ve-
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qu{red vchtl'ng vate duv\'uq_ & Sive,

Qv = 45,000 W/m®
(s q{vm ™ ‘\:_\g\c:-“\- ptfo\;\?«m statewment and assumes that the exterval
five comple'l'eiy suvvomvds the storage tank. The convective fluy
fvrom tihe five Y grvén b‘[

%‘- < ‘F\( T.f. - TW‘

wheve T, 15 4he flawme tewmperatuve and Tw "‘-‘__*“"Wﬂ"'&mnm{uu,
assavaed to he the same as the norwal borling tempevature of
the flurd it the tank. The heat tramtier toettinent in VY custom.
avy uwnit 3 <ov netuval Lonvection Q\Mﬁ-‘j A vev'tsial surfete MY be

obtained wnumerically from

: | e y 3
NQ{MN + 03NT R }
- B2V 41L ) ¥ /30
[""("""p,l‘“) ] :

. ; v Deveod ' * )
AS given w Pervyl evvieal Chaineey Hawmedbeok Lth ed., where

Nu-= hl.(l:., Pyre szk/k, Ra: GirPv and Gy* L?P"’g nd'l"/,u"'. g.\,;“ Hals
calcnlotion 15 rather lengthy and natuval convedive heat tmmsfer co-
efficients for air generally have values of § o 10 W/ m™K, we will
653Ume an averase value of 7.5 W/wh K and only calewlate o better
value 1f awalysis wavvants (t,

Using this assumption 1,
q. = (7.5)(1900 ~ 353) « 3400 W/ wt K

The heat flux vemdiated boek fvom the tank surface to Spece can be
estimated from '

Ave = €0 Tw“ assume €=1(.0
» (0) 0.472%E\(35) " = 150 wiwt K
From these m\mlo:f;qns
fuer = 450,000 + BLOO - |50« {03 4SO W[ w' K



2- 20 ( cowtinued, 2)
The vapor boil-oly vate 135 thew

M= Guet) A/AN, AH,® heat of vaponzation
\

= Q) nDZ/AN, -
= {03, us0)™ (I'S')(‘I.DS)/3~"'*3 X10° = 1113 ky fs

At the NBP of henzeme, the vapor d._rm“-l{,r 5 2.756 Lg/».‘.

Thws y;qv - \a;\/P = \ll.q/2.7$’5 t 40.69 w\a/g

The venl ovea veeded for this volu Me‘LY!-b How Yqte cawn he detey-
mined br use of aw ovifice equation of the $orm

A 0.6\ Lo;) Ap p]lh Apz 150 Va

T WA
O 1e) (250) (2.756) A% -

The aveo ¥Tor the vent s Much too lcav&es for the tank,.Thevetore

o weak seam voof should be sger.'iﬁe,d
' Answer

Several assumptions weve wnde In the solution ok thi problew. and
weed to be veriéiled . First, the wuvective flur 1S only 4% ot the
total heal flux, Evem W 1t weve ekanoed tivoY, ,f\ne-ovﬁwqm vesult
would only be chansed s\‘i,kt\r Thus, om exvect caleulation of theheat
transfer coafficient would wol chawge tThe final coneduntion.
Theve Is come resictawnee to hest trauster tav ou‘,‘q‘" the walls of the
tank, For a tauk wall of 0.0125wm, the temyemi.un qvaslteut '

AT = %.-q {,w/ k., = (\ D‘.l,'-ts'o)(o.bl?.S)/'-lrS' T 2%.7°C

Thrts wWill have a heglis-tb\c ellect on the vesults ,audﬂ\us this assmp-~

tidwm 1€ AC cep.‘table.\. However, theve '3 alse & thermal veststance with

the filw ow the wside of the tank, Ty preal heat traneler woefficients
are ow the ovder of seveval thousawnd W Mm-S K, Assuming & valve of



2.35

2-20 \cont ihuedh,?o)
2,000 W/ K, the AT awvross the film s

AT = quuy/h = 103450/ 2000 = 51.7°C
N .

The combination of these two vesistawces only recluces the conver-
ttvg -Flu;)( VA’te bY ap\d'roxlhma'ldy Q%. Tlﬂl‘S l'.hav«qe. ihfﬂﬂ‘& hQVQ, Mtglt-
qible effect on the fikal answery.

As a ftovtwote, the NFPA FEire Protection Hand book 6nol APT 450
all veammend the fsliowing equation fov the et heat flux o a tank

Sub;)ecl:ed 10 av extevwmal §ive
%(Mq = 43 200 AS82
wheve giuet) 18 1 watts and A 1s the wetted avea 1w m? For this

P rohlew ‘
Guer) = 43,200 [ % DT]™" w100 ["("5)(41..0'33_7m’l

= LG X1D° W
'G*GM thas

h:\v = ‘l(m)/&ﬂv P
= LiaX1w*/ (3943 x16%)(2,155) = S,6 m'/s

The Imajer A_?Chvghfz W \r_e.suﬁt% 15 that the heat flux W tae brok-
lemn Stotement applies to a five that completely surrounds the tawk,
Genera!ly fires qve 3eldom large ehougk to surrowund la,lrgvh:hks. In
addition a soot layer builds up ow the cool tank walls wl\u,!n ?ua:ru
ther restricts the heal transfer, Thus, the total heat flux Ve ve-
duced Substantially, However, The vemting vate even wader fhese

cownditions will be Iq,rgq, ovnd o tank with o Weak vosf sear would

hbe ve tomwmended.



