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CHAPTER VIII
CONCLUSIONS

The first Taylor dispersion apparatus capable of measuring liquid phase mutual
diffusion coefficienis in substances which are solids at ambient conditiong was
successfully consiructed. The apparatus is compatible with solvents which meh,
al temperatures up to 400 K. Using this apparatus, diffusion coefficients at infinite
dilution were rneasured over a range of tempcratures for hydrogen, carbon monexide,
carbon dioxide and several n-alkane solutes in the solvents n-eicosane {Cas}, n-
octacosane (CUgg) and a sample of Fischer-Tropsch reactor wax. Solvent density was
also measured at ecach experimental condition.

During the.cc:u:se of the experiments, an impraved method for caleulating the
diffusion coefficient from Taylor dispersion datﬁ was also developed. The method
is bused on a non-linear curve fit of the analytical solution to the Taylor dispersion _
problem. A compazison of results caleulated with the new method indicated
that diffusion coefficients calculated with other techniques such as the “graphical
method” and the “moment method” may be in error by several percent.

'The experimental technigue for determining gaseous solute diffusion coeficients
using & Taylor dispersion apparatus was also improved and simplified. The previcus
method required a saturator to saturate a sample of pure liguid prior to injection.
It has been demonstrated that a small quantity of pure gas may be mnjected under
pressure directly into the diffusion tube, thus .elimina.ting the need for an external
saturator.

"The Rough Hard Sphere theory was used to develop u correlstion which has
been demonstrated to predict both gaseous and liguid solute diffusion in normal

atkane solvenis with carbon numbers ranging from 7 to 28 at temperatures to 570



h

K. The data used so develop the model covered the solute/solvent molecular mass

ratio range (my /) of 0.005 for the Hy/Cag system to 2.2 for the Cy6/C7 system.
The molecular diameter ratio ranged from 0.2 to 1.3 for the same systems. The ratio
V/V, ranged from 1.4 to 2.0. Molecular dynamics caleulations for mutual diffusion
coefficicnts are not vet available over the entire ranpe of these conditions. The
correlation demeonstrated chat che RHS theory can even be applied successfully to
large chiain molecuies such as n-octacosane. For 143 measured diffusion coefficients
usec to develop the correlation, the average absolute percent error was only 6.3%.
When the correlation was used to predict literature values, the agreement was also
excellent, except for diffusion coefficients of small alkane solutes such as methane
and ethane. FEven for these solutes, the predicted values rarely disagreed with
measured values by more than 30%. For most engineering design estimates, this
agreement would be considered satisfactory.

The correlation was also used to predict Lterature data for _t,he diffusion of noble
gases in normal alkane solvents. For the noble gas data, the model predictions were
high by an average of 12%. However a portion of this error may have been due
to the analvsis technique used o calculate the diffusion coefficients reported in the
litecature. -

Diffusion coeffcients were measured for several Fischer-Tropsch reactants and
products i an actuzl sample of Fischer-Tropsch wax at reactor conditions. These
diffusion coefficients can oe conserva,tivel}; estimated using the RHS corrlela,tiuﬁ by
modelling the F'T wax as a pure normal alkane with carbon number equal to the
mean carbon number of the wax. IFor mean carbon numbers greater than about
25, the mean earbon nunber does not need to be known accurately because the

finite dilution mutual diffusion coefficient is not a strong funetion of sclvent carbon
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number for large carbon numbers.

The measured diffusion coefficients in the FT wax indicated that eurrently
nsed correlations for predieting diffusion in FT wax grossly underestiﬁnmes the
diffusion coefficient. The resu_lts of this study also cast doubs on exsting mass
transfer corrclations which are a function of the diffusion coefficient, but which
were developed with low temperature mass transfer data. Furthermore, previous
conclusions as to whether or not a reaction is mass transfer limited may be

eventually rendered invalid by the results of this research.




CHAPTER IX

RECOMMENDATIQNS FOR FUTURE WORK

In order to advance the development of the RHS theory for diffusion in liquid
alkane solvents, measurements of diffusion coeffieients for gaseous alkane solutes {C;
through C,) are desperately needed. There is also s strong need for measurements
of diffusion coefficients near the solvent melting point, where most theories fail.
Expeniments should also be conducted to measure mutual diffusion coefficients as a
function of composition. This data could then be used to develop a concentration
dependent model for the RES diffusion coefficient.

Gur study has been limited to diffusion in alkane solvents, Future studies could
determine diffusion cocfficients for various solute/solvent combinations of polar,
non-polaz, clectrolytic, and non-electrolytic molecules. Eventually as more data
becomes available, the RHS diffusion coefficient model could be refined.

Molecular dynamics studies are also required for both the mutual and the self
diffusion coefficient. Future studies in this area should concenirate on accurately
calenlating the molecular dynamics ratios (used to correct the simple Chapman-
Enskog theory) over = wide range of values for o1/oy, myfma, and V/V,. Ounly
molecular dynamics ratios for self-diffusion and infinitely dilute mutual diffusion
have been published in the literature, Future studies should also calculate concen-
tration dependent molecular dynamics ratios.

For this study, it was necessary to measure diffusion coeflicients in an actual
saraple of Fischer-Tropsch wax so that the feasibility of using model compounds
such as n-octacosane could be validated. For future work, it is recornmended that
diffusion cocfiicients be measured in different model compounds or in synthetic wax

mixtures containing known fractions of alkanes, olefins, and or oxygenates. Such
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studies could quantitatively ascertain the effeci of different types of r:nmimunds an
the diffusion coefficient.

Theré is a desperate need for high termperature mass transfer coefficient data.
and a mass transfer coefficient correlation which is valid at the elevated tempera-
tures typical of most industrial chemical processes. The diffusion coeffeient faca-

surements provided by this work chould aid in the devclopment of such a correla-

tion once enough experimental mass transfer coefficients have been determined at

elevated temperatures. Accurate measurements of diffusion coefficients and mass
iransfer coefficients at elevated temperatures will eventually lead to improved reac-
tor models. Future studies could evaluate the overall effect of these coefficients on

Fischer-Tropsch reactor design.
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TAYWMOD {(Taylor Disper=ion Peak MWodel)

Devalopad by: | 8. Rodden [(Dwac. 1387)

L I T o I B O I B I r B I

TAYWOD i3 g intergctive FORTRAN progcam which determines diffusion
coafficiants from fow Taylor dispersion date (velinge va. time).
Data is fit to o 3 parameter model based on the analytical solution
griginglly givean by Taylor., The ¢ode was developed apecifically
for ume on an HPIEEE computaer.

-]

7]

double precision |, eps,B{5),1(999) . v{359) med{994) , res (993}
double precision o.u.reott, rootl, red,pt(998),pv(899),{ime?
double precision aberr{399),res2(888),5q0b,sres2,arua, biul ({5}
double precizion avali smed,ares? . ares,av, ooed, oocerr, atder
double precision raqu.diff sxvar,totvar,ebig,d12
double precizion fayk,tolk,totkd
dimensien pmod{999) ,prea(999)
integer ind{3),fo, hr min,asc,ien, hre minc,sece
characters2® datfila
characters@ outfile
character=6& title, a0y
characters22 tx(5@)

~ charaocter+! g,prb
comman Smntays | kk, b imel
common Jmnpeoky bistp,bline

Funstion to convert clock time ta seconds:
time{hr.min, sec)=3i608, shr+&8. »mi n+aec

Rodiua ond length of diffusien tube {meters at 21 C):
deto of5.23d-e4/
i, ZESHB

t imeZ2=—099%,
prom='g8*

Text voriablex uxzed for outpul:
te{1)=" TAYMOD {Tayler Diapersion Feak Hudatg r

txszgn' Davelaped by: .B. Rodden (Qac. 1987) *
tx{3)m'HFI2RR dota filenams: *

tx gz'Solvent ramw: ¢

tx{5)='Peok description: *

b

txw{6)="Temperatura
= 'Tamparature compensoted diffusion tube fength: *
='Temparoture compensated diffusion tube radius: *

3
4
&
7
-]

18)='Fwak atart time:

11)="Feak =nd time: *
tx 12;='Psah maximum ot °
tx{13 )= Pegk start value:
tu{1d)="Feak end valum: *

tx{15)="Feak max volum:
tu{16)="Pmak width at haif hefght: *

ta(1¥)}m Freliminary eatimate of 012 (=zee Sun ard Chen, 1885): '
th1Bg='The model |a:*

g; 1?1T;T{i}HE1HEURT(t{i]]*uxp{-(LvB4-t{i]]**EI{EZnt(i}}+HJ+B§*[t(
g g

tx(Zﬁ}w'E1-pru—ﬂxp constant [vaxesd 53}°

tx
t:;
tx{9)="Injaction time:
tx
t:E

tx{22)="02=dal {mex2 21"

tx(24 )= BI=boeeiine voitage (v)*
tx{25§-'ﬂ4-u; avg. fluid velaclty (mfs)"
tx(21)="O5=baseline drift [+ =)'

txf23)a KaD 12+ {osu}er2 /45012 (maeZ/a}"
tx{i5)="o=xdiffusion tube rodius fm) "
tx(27 )='L=diffusien tube tangth {m}'
tx(28)="Drift included in modai7? -
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]
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tx{29%="81 B2 B3 4 B5°
te{30)1="Initiai walpes:"
th31§='U=ar syerride:”
tx(32)="Final itergtien:®
Ex(33)="MOTE. The following parameters were fit by the moded; °
tuf34)=" A1l gther paremetzra ware held conatont._”
tu(35)="Canvergence crileria: 1) epsiion =
thEEgW'; (2} max # of iierstiona ="
x| 37 )="Maode| converged following'
tx(3B)="Madal did NOT converge. kaximum number of iterations exce
smded, ”
tx5393='012 (final modsl resubt}; *
tx(48)="Taytor-Hunt criteria: 2/ {ysgle’
tx(d1)m' 7227 gf{4el )=’
tx(+2g='Mn. af palnte : *
tx{43)="%um of 3q res : '
tx{44)="Avg 5q error : °
bx(45]="5td &rr of est; '
tx545£ ;e
tx(47
tx ="Avg abx mrror
tx +9g£'Hux cbs error
11(55§='Avg obzervation:

=" r—aquared
m'Average errar

thEl ="Avg prediction :
tx(52)m"B1 B2 B3 B4
L BS*

tx(53}="COMPUTER GEMERATED INITIAL ¥ALUES®

tx(541="b(1) o1z bline U
* bialp’

tx{55)= ACTUAL PEAK DATA AMD MODEL RESULTS' .

tx{56)="'PT ACT TIME TIME FROM IMJECT. OHSERVATION PREDICTION
«RESIDUAL SQ. RESIDR.®

tx(57)m'§f  Hr Mi S%e Hr Wi Se [sgec) (vaitx) (volta)
w[volta) [voltses2}"

tx( S0 - —

20 furmut{ti,ul?.25i2,1h:;.i2.2h .6.2,3h 8),/)

981 format{t2,017,2(i2,1h:)},i2,2h {,76.9,30h =),156 — inj. timw =
«2{i2,10:),12,2h (,f6.8,3h »))

ap2 fnrmntEf.tE,qlE.iJ,t#ﬁ.uI?.a1ﬁ.9,2h w)

983 formatit2.016,415.9,5h vea2 t46,017,415.9,2h v)

984 format{t2.a16,815.9,2h v,t45,417,&15.9,2h v}

983 formgt{t2,al6,f11.9,.t46,a17,8158.9,2h v)

85 format{t2,026,18.4,12h E-6% mes2/2)

987 formot{/.12,a32,28.3 a14,88_3)

528 format(t2."D12 {lep*,15.1,'% of peak: ",id.* ptx; ',2(i2.1h:).
i2," threu Y2002, 0], 62,0 )0, 9.4, E-BO mev2/s’)

g5 for?nt{f.ti,'ﬁetentinn time, (L/B4): ', 2{i2.1h:},i2.2n (.77.1.
" W}’

write(8, (73(1h),/,2(20(10=) ,a38,28(1h-},/).79(1h~}, /)*)

b1}, t={2)

Cata file containing ruw time opd voltiege datg is in main directory:
write(G,*]'Erntar nome of dota file:'
racd (5, * {028 ' Jdatfile

Qutput Ta written both te the acrean {(Unli=B) ond to a flle in the
dirsctory ‘tayout' (Unit=g):

outfile=tayout/' frfdutfile

opan(8, 1 |emguifile)

write(B, )" Enter aolvent nome:'
regd{s, "{aBB} "' Jaclv
write(E,«}"Enter the temperature of the experiment {Cantigrade);’

Corrections for thermol| sxponsion of the diffusion tube:
read{S, «Jtamp
alpho={16.46+8 . 0243 5a{ temp—21. 1)1, 05
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omge [ 7. d8+al phasl temp—21. )3
teciw (1. d8+alphas[temp—21.])

% continue
write(B,'(Thl.fff,t2.?9(1h—}.f.Z[t2.26{1h—).uJE.EE(ih—],f},
2. 790131 d {1, t={2)
write(9, [(t2,027 a28,)1" 1Ex(3) . datfile
writa(9, ' [(1hB, 12,014,060} Jtxf4), 20y
write(E.#3 'Enter peak description (58 characters mox):'
recd(5, " [(gB@) Jtitle
write(9,’(1h8,12, 018, 068) " Jix{5),1itla
writcEﬂ.'EtE,?E{1h-}J‘}
write{®, ' {t2,013,¢7.2,2h C%'}tx[ﬁ}.temp
write(D9, '(£2, 047 FE_2,.2h m}"3tx(7). 1
writaEQ,'{tE.u#?,e11.5.2h w)"ytx(BY,a
writeEE.'{tE.?E(!h—}}’}
write{&,+} Entar injection time (HrMiSa}: example: B12519°
read{5, ' {3i2)" Jhr,min, seg
tinjmtime(hr,min, sec)
write(5,586)tx(8) ,hr,min aec,tin]
write E,tg'ﬂo you wish io enter psak endpoints uging diatangss’
write(6,») 'measyred directly from the chart? {anawer v aor nj:*
raad{5,'{cl}" g
if{g.eq."y"Igo to 180
write(6,»)"Enter peak atart time (HrMiSe): exomple: @18518°
regd(S, "{3i2}" Yhe ,min,sec
at=tima{br min,sec}
writa(B,+] ' Entar peok end time (HrMiSal: exomele: @1A5148°
recd{5, ' {3i2} ' Yhr,min,zec
et=tima(hr min,aec)
- ge te 28
16 write(6.+)'Enter recorder chart apamed {in/hr):"
read(5.*)capd :
writa(.+) 'Enter chort diat. from inj. time to peak stort fom):
read(5, )zl
gtmt inj+1477. 323 /capdest
write{6,#)'Enter chart dist. from inj. tima to peck and fem):*
ragd(S, et
2 et=mtin{+1417. 323 /capdent
P 29 continue
: write{6,+})'Da you want velitage drift inciuded in the model? (v/n}"
read{S, "'{a1)"' g

T e 12 bt ST § it et o g e i
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Frogrom has the ability te raread dgta that hos al ready been read:
ifEtimeE.lt.mﬁﬁﬁE.}gu to Z2
Ef{{st-tinj).gt.time2}go to 23

o i

Unit & iz the moin directory file containing the row data:
¢los=(8)}
22 open{®,{ilemdatfite)}

23 gontinue

¢ Call routine te locate and reod paak from input dota fils:
call peak{st.et.tinj,q, t,v,n,ipmax,ihgbil, Thaif2}

timel=t{1}

tmmt imel

call clecki{tm, hr min, sec}

ctime=timel+tinj
“eall glock{ctime, hre.ming,secc)
write(9,901)tx{18]) .hre.mine, aeee,ctime, hr,min, zec, t Inel
timaZ=t(n) :

catl eclack(time2, hr min,sec)

cf imewt ime2+ting

call clock({et me, hrg,mine,ascc)

writel(9.9813tx{11) hroc.minc,sece,ctime hromin,=ac, tima2
tmeat  { pmax) :
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gall eleck{tm, hr min, ssc}
ctimemt(ipmax)+tinj
coll ¢lack(ctime, hroc.ming,seagc}
write{9.,981)tx{12),hre,minc.secc,ctime,hr,min, sec, tm
write{%,'(1h8,t2 at8,f7.5.2n ») " 3tx{13),v{1}
write{2,'{t2, 018, F7.5,2h »)' ' Htx{14),v(n)
write(®,"{t2,a18.f7.5,2h v) " 1tu{15), v[ipmax)
write{8, '{t2,79(1})"]
writel6,"{t2,ai13,.f7.5,2h v%'gt: 133, v(1]
writalh, (12,018, £7.5,2n v} " )tx{14] . v(n) _
write(B, "(12,.a18,f7.5.2h v} " Jt=(15}, v({ipmax)
c
¢ Compute peak width ol half height:
thal t=t {ihal £2)~t{ ihoif1)

writsEﬁ,'Ef.t2.u2?.f5.1.2h_=]'}tu{1ﬁ}.thulf
write{d, {t2,027,16.1,2h a) "}tx[16),thait
[

&
¢ Pratiminary estimates of ihe 5 mode| poraometsrs {B{1] thru bB(S5}):

wl A Epmax )

- .
¢ Half height method of Sun ard Chen {1985):
helethglfes2 /(5 Santipmax)=s2)

d12=u/4. «{h—aqrt{heh—a+af3)}

d12ed12e1, a2 _
write(3,’ (Th®, t2,a54, f8.4,12h E-B9 meel/s) Jtx(17).d12
write(8, [12,79(1h-3]"F
d12=d12/1 . e692

Cowrite(d,'(t2, 037, /,12,a67) Jtx{1B},tx(19)
write{2,'{1he 3(t2,036,t43,a35,/},12,036, t43,035) "Yitx{i], =20,27}
b({1)={v{ipmax)—blalps{t{ipmox}—timel}=bline)edagrt{i{ipmax]))
B3 )=b1ine
B & pen
toykm{aeb{4))+=2/48, d0/d12
bEZg-+.dat(tnyk+d12]

© b{S)mhialp

fnpnr=5
dao 25 i=1.5
25 ipd(1)=i

ifig.ne. "y' Inpor=4

if(g.ne.’'y' jrm'n'

write(d,*{1he, t2,025,1x,01)* }t2(28).q
write(5.°(1h@,t25,a51)" 1tx{29)

writal®, '(t2.a16,128,.5(e11.5,1x) )" Jtx{3@8) . (bLi},i=1.5)
write{§,' (/. 23(1h=),033,23(1h=)7" Jtx (53}
write{E,'(t7,a71)" ) tx(54)

d12=d12w 1289

writal6, '{#15.5,1x,111.7,4hE—85,1x,2(e15.5,1x),#15.8) ")
«b{1).d52,b(3),b{4}.b(5)

d12=d12/1e89

Ry

c .
c Progrom provides optien of user entered initial parometer eatimotes:
write(6,=) 0o you want to enter your own initTal guesses?'
write(6.«) (enter ¥y ar n)"*

reqad(5, " (at) " }a
if{g.eq. 'v'Jlgo to 27

<

£ Any number of parametars may be fixed at their initial valuesa, thua

.¢ reducing the order of the model (default i3 full 5 porm. model):
writm{(6,+)'Do you want the program to fit all of the parometara?’

write{f,.«]" NOTE: By enawaring 0o, you c¢on chacaw te fit enly’
writa{f, =]" ceartaln porumeters, while halding the othars'
write{g,»}" fixed at thair initial guexaes '
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rﬁquE.'[aig'}q
1f{g.ne."n"ygo to 38
go to 28

: c

_§ 27 write{8,+) 'Enter guemaes for the followking paromatera:’

; write(B,+)" B{1) pre—sxponential constant’
writa(G,*+)" D12 diffuzion coef. (mesZfaec)’
write[ﬁ,*g' bline = boseline value (velis}. {(Bozeline value gt’
writm(G,*]" start of peok when drifi iz included.)”’
write(B,«}" u ovarage velogity in tube {m/sec)’
write{f,=}" blalp = baseline slape or driftrate (voltsfaes)’
wr[tu{ﬁ,ig
write(B, o) "NOTE: Entar oz fallows: B(1} , 012, bline, u, blaip®
read({5,s3b6(17,412,0(3) {4}, (5]
tuyk—{u-b(‘i} }t-tzj""ﬁ dﬂfdlZ
b{2)=4 . d0=( tayktd12)
write{9, (t2,016.120,5{e11.5, 1x}) " Jt=(31),(bli).inu1,5)

2& continue
writuEE,*)'Enter the toto! no. of porometers te be fit [maw=5):"
wrila(G = )
write(6, «)"NOTE: The remaindar of the porometers will be’
writa{B, =}’ fined ot their initiol gquesses.

read(5,«}npar

writa%ﬁ,-g'Entur indices of the *,npar,' parametera to ba fit:®

([}

write(@.»}" 1 = b8{1), 2 =012, 3 = blinl, 4 = 4, 5 = plzlp’
write(6 +3° mg. type: 1 2 & (to fit b{1), D12, and u)*
reud{ﬁ.n]{ind?i}.i-i,npur}
3@ continue
c )
c Convergance critaria:
sps=l. d—8g
imax=20
write(6,+)'Do you want te snter your own convergence critarig?’
write(&.+}" DEFAULT: epmilon = 1. =83, max iterctiona = 2@°
raad{E.'{aig']q
ifiq.ne. "y Jgo teo 37
write(&,»}'Enter epsilon:”
regd{S,»japa
write(&,.+}"Enter the moximum number of itergtiona:’
read(S, «)imax
31 continue
c

write{6, (168,c78) Jtx{52}

&
¢ Call Hewtor—Raph=on routine to detarmine best fit xet of b'x:
call tayfit{n,t.v,p.npar,ind,epa,imox, mod, res)

write{3,' (2,016,420, 5(e11.5, 12} } " Jtx(32), (b(i), i=1,5}
do 32 i=1,5
bful 1{i)=b{i}

32 continum
if{npar.gt.4igo te 33
writaEQ,‘Eihﬂ.t2,05+.5{u1.i!.1:}]'}tx{33},{prh,ind{i},i-1,npur]
write{9, (12,e65)" Jtx(34}

33 write{9,°{1h9,t2,a36,25.2,a28,i3) " }tx(35},apx, tu{3G), imax
if{kk.le.imax)ge to 34
write{d,*(1h@,t2,a76}" ) tx({3E)
writa{h, *]t=x{32)
writa{ﬂ.tj'ﬂo you wont to enter pew initial valuea? [y/n}’
read(5, fui% 1q
iflg.eq. go to 75
write(5. [1hB, L2585, a51)" }tu{zsj
go to 27

34 write{5, "(Th2,t2,025,i3.12h itarotione. )" Jtx{37},kk

35 continus

c
¢ Statisticol section:

Fresl=,

-
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de 48 i=1.n
gberr(il=dabs{raa{i}}
resz[i%nres ig*raafi}
pmed( i Jemod] i
pres{i)=ras{i}
agk=aabtaberr{i)
sreslwaresZ+resi(i)
srew=areat+res{i)

avol t=ave| t+v i%
smodesmod+mod( i

cont inue

aaerr=sab/f loat{n}
areaZearpzl/float{n}
aresmsrea/fioat{n)
ovexvo bt/ loat{n)
amodesmod/ flaat{n) :
atder=dmqrt{ares2/df teat (n-2))
ab i g=3, o8

do 41 1=1,n

di ffemod( 7 }—av
axvar=exvar+di ffediff
diffuw{i)—ay
totvarstotvar+difiedif!
if(vbarr{i}.It.ebig)go to 41
inebigs=i

sbigmoberr{i)

continua
ragmexvar/totvar

Compute D12 using quodratic formula:

radedagrt (b{2)«+2/16. d8—(ueb{4} }»+2/12.42)
d12=b(3]) /8. dB—rady/2.d8

Hunt(1978) eriterie:

hunti1=d12/0{4}/a
hunt Z=g/4. /|

d12=d12et  wd3

Ftimewl /b(4)

gall cleck{rtime, hr.min,=zec)

do 44 feo=f 8,3
urit:{fu,ﬂﬁi%tu{#Zj.n.tx[4?],uraa
writa%fu,ﬂﬂﬁ txf43), areaa? tu(48) ,agerr
write fo.933§t1[44 .ure:2,th¢Q§.aharr{icbig}
write{fo, ge4 th45 Jstder, tx(58}),0v
write{fo, 985 tx{46), raqu, tx(51),amod
writeffo, (12,79(1h-31"3
write{do,506)tx(38),d12

writelfo, 987 tx( 48}, hunt1,tx{417)  hunt2
writelfo 902 )Hr min, zec, rtime
write{fe, {12, 79{1h=3)"}

cantinge :

d12=d12/1 ., =8Y

continue

s mectlan allows uzer tha option of using only a percentoge of tha
% te determipe the diffusfon ceafficiant. Baseline and drift

terma arw fixed at thair inTtial values,

writalf,+3 Do you want te analyze ithe peok using only the pointa’
writalB,+)'which ore greatsr than o certoin percentoge of the'
write(B,*)1'difference betwaan the peak maozimum and the poveline?’
write{6,»} " {(Enter ¥ ar n}'

136
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road(5, (a1}" )1
if{qg.ne."¥"jge to 78
write{S.v)*Entar pergentage:’
regd(5,#)psr )
catl perc{per.n,ipmex, iparl,iper2)
j=@ .
do 5@ iwipar],ipar2
pt{j+1§=t{i}
pvi]+1)=v{i)
=]+
£ continue
ind{1)=1
indE2}=2
ind{3 =4
write(6, (18,078) 7 Jtx(52)
call tayfit{j.pt.pv,b.&.ind.ap:.iﬁux. mad, res)
if{kk,gt.imnx%gﬁ ic &8
60 rodmdaqriib{2}e=2/16. dé—(anb{4))ss2/12. 4B}
d12=h{Z) /8 d&-rod/2_db
ctimempt{1)+tini
coil clockfctime, hr,min,sec)
ct ime=pifjiitinj
enll clock{ctime, hro.minc.secc)
d12md 12+, 83 '
writa(ﬂ.Qﬁa}per.j.hr,min.aec.hrc.minc.:qcn.diz
write(6, v}
write(§, 988 per, i, hr min,sec, hre.mine, sece, d12
write(E, *] )
di2=d12/1 .09
go to 45 ]
6B writuEQ.'{t2.12hPERCENTAGE= LE5.4)" Jpar
write 9,‘Etz,u?ﬁ}'gtx{38}
write(6, "L t2,a76./
72 continue

*yix(38)

¢ All pmak data qnd residuals may ba printed:
write{B,+} Do you want to print the i|st of cbaervationa,’
writeEG.* ‘mode ! predicticns, and rasiduala for the full poak '
writea{B.v) onotyaiz to the outpui file? (y/n)’
read(5,"{al1}"}q
itfg.ne. "y "}go to 75.
write(®, ' (1hi,t2.21{1h=).034,24{1h)}" 1 tx{55)
writelt, '{th@.t2,022,a20) " Yix(3), datfile
writam(8,® t2.a14.uﬁﬂ}’§tn{+;.=olv
write(d, '(t2,018,060) " jtx{5), title
write 9.'E1hﬁ,t25.u51}‘]tx{29}
writm{9. {12, 016,t28,5(e11.5, 1x)} " Hx(32), (bful 1 {i), i=1.5}
write 9,‘51hﬂ.t2.u?8}'}tx{5&)
uriteEE.' t2,a78) " 1ix{58)
writef{®, "{t2,a78./,t2,073) " }tx{87),1=(38)
do 73 i=1.n
ctimemt{i]+tin]
catl clock{atime, hr,mif,aes)}
tmmt (i)
sall clock(tm, hre.ming,secc)
weltefg, ' (42, E3,1x,2(12,1h:),712,2x,2{i2,1h:},712,2h (.f6.8,1h]),
«t36, 18.5,149, 8.5, t68,f8.5,165,¢11.5)" }i ,hr.min,2e0¢ hre,minc,
sxecc, tm,v(i).pmed{i}, preali}, res2(i}
73 cantinue
write(9,' (1h@,12, 11hEND OF DATA)"}
75 continue :

c
write(f,+}'Do you want to gnolyze any more peak=? (¥ or n}"
read(5,'{g1} "I
if(g.ne.’n"Jge to 5

(4

cloaalB)
write(8,"{1h1)}")
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cione(d)
glop
end
€
c.--**-..--*****.--..tt.‘***t-litﬁt kARl kA kR A ARk kA AN

Subrout ine PEAK reads in voltage and time doia from thes input file.
al} dote including the totol no. of pointe in the peak. n, is returned
to MAIN. Thla subrouiine oiso uses a asarch technique to determine

the two voltage valuss at ths peak hatf height. The indices of

the=s two pointa are returned to MAIN to ba uaed in the caloulglion

of the initial gueaa for D12,

pannnaal

subroutine pegk{st,st,tinj,q, t.v.n, ipmax,ihalf?, ihatf2)}
double precliaion ©(999),v(399)
dimension abv{998}
chorocter=1l q
integer hr min, aec,ten
common fpeper/ abv
common fmnpeak/ Blalp.bline
timalhr.min,aec,ten)=3608. shr+6Qemintanc+fioat{ten)/10.
18 furﬂut{dﬂ.ﬁ.t1ﬂ.3]2,tl}
5 read(8,108)¥(1),hr,min, 28, ten
E{1 )t ime{hr.min,sec, ten)
ifft{1),1t. at}go to 5

e .

18 read(8,188)v{n), hr min, sec, ten
t{ni=tima{hr ,min, ssc,ten)
if{t{n).ge.nt)ge to 26
et
go to 1@

28 continue

if{gq.ne."y" 1ga to 22

Bialpm(v{n)—v{1))/{t(n}-t{1})

blinews {1}

go to 25

blslp=R.

Bl §nes{v{1}+¥{n)) 2.

25 gontinue
vk gmd. 8
do 3@ i=l.n
aby{ i Imdaba{v{i}-bialp*{t{i)-t{1})}-b11ne)
if{abvii}. 1t . vhiglge to J&
i pmaxmi
vbig=abu{i}

I8 continue
vhal fmobv( ipmax} /2. 4B
do 48 iwipmax,?,-1
ihalf1=i

< iflobv(I).te.vholflgo to 45

48 continue

45 eontinue
de B@ i=ipmax.n
Phat f2Zmi
if(aby{i}).le.vhatif)go to G5

€8 gontinue

BS continue -
do 82 I=1.n
t{1)mt(i)=t1nj

88 continus
raturn
andg

R

[+
:***ll..-.‘*t?‘.IIl'.“***.jjlIIl..*********"------liiiIliiil..-l‘*---
)

¢ Subroutine FPERC searche= the peok to determine the voltage voluea ot
¢ o givean percentaga (per) of the peak height. The indicea of thase

e two veluss [one on eoch side of tha peak) are returned to MAIN.

.
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subroutine perc{per.n,ipmax, ipari,iper2}
dimension aby(989)
cemmon Apeperfaby
vpar=abv{ipmax}s{1.-par/i1€0.)
de 18 i=ipmax,1,-1}
ipari1=i
if(abv(i).te.vper)ge to 13
18 continue
15 continue
do 28 i=ipmox.n
ipmr2=|
if{abvli).te.vpar)ge o 25
26 cont inue
25 continus
raturn
end

L+
c.;..¢-¢¢*¢a--;****1----¢$$$*4lllltttiiti!ilt‘iitii*ﬁkkl-lt**##!lllllll

]
-]
c
<
c
c
c

Subroutine TAYFIT uzes the Newtor—Rophacn method i¢ determine the
tesxi fit {lsaost squares) parometara for the model. Al derivotives
are calevlated fram analytical expressiong. The routine hos

the qbility ta be used ax a 5, 4, 3, 2, or 1 parcmater f1L,

with any of the model parametsrs fixed at their initiai value(s).

subrautine teyfit{n,t,v.b.npar,ind,aps, imax, mod,resx}
; double precision argl,arg2. arg3,arg4,cl,.c2. ci,ax, |, lut, term,eps,
» pf{ﬁ.ﬁi.f[ﬁ},b(ﬁ}.dm{ﬁ].ddﬂ{ﬁ.ﬁ}.pfdum(iﬂ.1ﬂ}.fdum{1ﬁ}.dal{1ﬂ},
» bold{5],t{388), v{899) ,mad{999), rea{955},t inel
dimenzion ind{5}
cammeon fmntay/ 1, kk. timel
K k¥

¢ Incremant number of jterotiona and check if Emox fa excesded:
o kkmkk+1
if{kk.gt:imax)go to HO

do § iwl1,3
f{i)=0.dd
do 7 j=1.5
pf{l,j)me.de

T continua

B continum
do 28 i=1,n
lutei=b{4)et(i}
termmlut«s2/t{i)
axmdexp(—tarm/b{2}]
argi=1.dB/t(i}ewd. 5aBerex
arglmgrgisierm
atyi=argdeterm
argémgargi=lut
cl=b{1)/b{2}+=2
cZ=h{Z]seci
clmzt/B(1)

¢ The Taylor dispersion model ond reaiduala:
.madEi§=b(1E#urg1+b{3}+h(5}-[t[E}—limn1}

resiijmelij-mod(i)

o1 £

Partial derivatives of moda! with respact to eoch parameter:
df!'IET =arg?
dm 2§-c1tar92

dmi 3 }=1. d8

dm{ 4 =2 di=cZeargt
dm{Si=t{i )=t 1mal

¢ Partial derivotives of legat 2g. function with redpect to sach porameier:
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F1 mf {1 )4+res(i}ndmi?
fE2}=f%2g+raa{ig¢dn(2%
f{3§=f(3}+res§i]
f{#%ﬂf{4}+res 1] sdm{4)
1 (5}=f(5)+res(| jedm(5]
e
¢ Swcond partial derivotives of model with respect to eoch parometer:
ddm( 1,2 )=cieargl
ddmf1,4)=2.d&/b(Z}vargs
dem(2,2)mzlweIearg3—2 . dideg2ecI*argl
ddmi{Z, 4)=2.d8* [ c2eci*arg2e lut—cl*arg4)}
dem{4, 4)ms ditscieargés lut=2 d@sclugrgiet(i]
¢
¢ Second part. derivatives of |east sq. func., with reaxpect to eoch parameter;
pf{l.i}:p{E1,1}~dm{1}-dm{l]
pf51,2]=pf 1,20 +ree{i )>ddmf 1,2)—dm{ 1 edm(2}
of(1,3 mpf(1,3)—dm(1)
pfi1.4}=pf(1.4)+raali}eddm{1,41—dm{1)=dm{4)
pr1,5}-pf{1.5 ~dm{1)mdm(5}
pf{Z2.2)=pfi{2,2 rea(i}eddm{2, 2)—dm(2] sam(2}
prZ,J =pf{2,35}~dm(2)
pf[i.#}:pf{2,4 +raaiieddm{2, 4)—om{2Z)udm{4)
pf{2.5]=pfE2.5}ndm{2}¥dm(5]
pf{J, &}=pi 3,4]—dm54g
prJ.ﬁ}-pf{ﬁ.E%—dm 5
pf{#4, 4=pfi4, 4}+raa(i}rddm{4,4}—dm{4]=cm(4)
pi 4,5}-pf{4.5}-dn§4;-dm{5j
prE.E]-pf{S,S}—dm S)mdmi 3}
28 continua

do 38 i=1,5
T{i)m—rf{i)
A2 continue

Thean loopas allow model to be fit using |e=2 than & free parametiers
{nper peramaters). The 'ind' array atoras the Tndex of each parometer
to be fit. Remaining parameters are {ixed oif their initial wolue(s).
do 48 j=1.npar
fdun(i)=Ff(ind{i}}
do 35 j=1,npar
pldum{i,j}=pf{ind(1],Tnd{]}}
1 A5 continum
48 continue

om0

L4}

Call matrix scivar for Newtor-Raphaon itercltion:
call doolu{npar,pfdum, foun, del]

1]

Inerement parometera:
do 5@ i=1,npar
bold(ijmh{indg[
b?ingf?}}ib(iid%?]}+dai[i}
58 contlnue

writal(B, ' (4(el15.9,1x),a15. 81 "J(b{i}, i=1,5)

1]

Check for canvergence:
do 55 l=1, npar
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ii{duba{del{i}fba1d{i}].qt.epa]gu to &
55 gontinue
L+
88 return
and
[+
cli¢¢I¢*s-ttltt*-t*s***nttlIttl-ttlittl**tt:tti!tttiittt#lttittiii:l*tt

c
o Subroutine CLOGK sonvarts clock time in smconds Lo clock time in
a hours, minutes, and =sconds.
€
subroutine clock(tm, hr,min,sec}
integer hr.mlin,sac
hrmtm/ 3604 .
min={tm—fluut{hr}-aﬁﬁa.}IEE,
sucntm—fqut{hr}*&&ﬁﬂ.—fluut(min}-ﬁa.
return
and )
c:t*-t**.itl'ntit**!!tii'!tl#tllii!lt*tl*i!lIt*tit**t#ﬁ***'itt*.i*illii
c*#lti-lt*l**!*#li-l¢li**:t*#ii*tli**lit#!i**lt##ll'i*tii't*t!i#!ll**t.

c
¢ DOOLY agives the nxn aystem of aguationa: comb, wzing the Doolittle
& LU decompssition mathed (sme Raisten and Rabinowitz] .
& The routine uzes implicit equilibration ond purtiai [row}
¢ pivoting. The original yarsian of DOOLU was developed az
¢ part of en gasignment for MATH BR9 (Pref.: Or. Allan) at TAMU,
= Developer: J.B. Roddsn
¢
& DOOLYU consists of the follawing aubroutines:
e ODOOLU (main), SCFAC, PveRIT, PIVOT, ond SOLVE.
&

subroutins doclufn.c.b,®)

doublm precision pin,g{189,12}

double praciaion B(18),3(18),d(12).x{18).a

intager v{18}

commen /husoms a{1@,18)

do & i=l,n

da 5 j=1.n

5 ofi,]d=e(i. i)
do 18 I=1,.n
wi i =i
13 continue

€

¢ Find acala fuctars {miemants aof max mogni tude in each row).
cell scfacin.d) :

e *ir" iz tha step of the Doalittle decompoaition.
de B2 ir=l.n

¢ Calculate a, which is used togsther with d, to formulots the pivat
e gsriteria:
call pverit{ir,n.¥, =)

if{ir.eg.n)ge to 13

c Call pivot to determine whather the pivet yector nasds to be reqrranged.
c This implicitly mquilibrotes the matrix:
call pivet{ir,n,s.4, ¥)

Write dicgonal term of U, the upper triongular matrix, ever
15 u(v[ir].ir}:s{v(ir}}

if{ir. eq.1)go to 49
itfir.eg.nigo o 1
Frplemi e+

dg 48 jwirpl.n
pined. g8

irmi=Tr=1

e h o 5 L,
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&
c Calpulots inner preduct:
do 3@ k=1,irml
pin-pin+u(w{ir},k]tu{v{k}.j}
I8 continue

e
¢ Cale. row ir of U, the upper triaongular matrix, cnd write over o:
atvlir). jy=alvlir), j}-pin
48 continue
e
45 irpl=mir+]

o
c Cole. column ir of L, the lower tricngular matrix, and write over a:
da 5@ i=irpi.n
atv(1}.ird=s{v{i)}/a(v{ir},ir)
5@ continue
E@ continua
[
& Determine solution vector, x:
col b aolvs{n.b,v. %}
return
mnd .
cii.‘*#’ii#lll***ﬂ‘*il'***.‘-tt!-.i.ttiiiﬁitilliiﬁl"***il.***ttl*.t.t.

€
c Subroutine SCFAC locatez the ciement of largest magnituda in
& moch row ond satorea it in the yestor d.
c
aubroutine zefac(n, d}
double precision d{18),c big, onext
comuon /lucom/ a(12,18)
do 2@ [=1.,n
big=dabafali, 1))
do 18 jm2.n
anext=dabs{all,j))
if{unuxt.gt,hiqibig-nna:t
18 gontinue
dli}=big
28 cantinue
raturn
and
ci**#i‘*#t-.t##-.-.---**---.**.-.tt#l.l**lili*ttlllll.*‘ll‘***t.l*.t*#i
£
= Subroutine PVCRIT calcuiates the walues =(i) {zas Ralzton and
¢ Rabinowitz}. Eath = and d are used to determine whether or not
¢ te pivat.
c
aubroutine pverit{ir,n,», s)
double pregision pin,af{id},0
integer ¥(1€)
commen flucom/ a{19.18@)
it{ir.gt.1}ge ta 15
do 18 i=1.n
a(w{i)1=alvli). 1}
18 continue
go to 58
15 do 40 iwir,m
pinmd.d8
irmimir-1
do 3@ k=l,irml
pin—pin+u{vflj.k]ld(v{k}.ir}
38 continue
2{w{T)}mal{v{i). IT}pin
48 continue
5p continue
return
and
CokhARFAAAR TRy R R P r e TEE T LR L L L R R L L M TTEI I LY ST LA LY L)
[+
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gubroutine PIYOT determines whather or not to switch elemanta el the
pival vegior., ¥, which implicitly equilibrates the matrix.
{See poges 425429 of Ralgipn and Rabinewitz for clarificatian.)

o 0oL

aubroutine pivet{ir,n,3.d, v}
doulite precizian af 18y, 40187 .a,big, sbyd
integar vw{12)
comman /lucem/ a{18,18}
ibigmir
big:duhs{s[v(ir]]fd[v{ir}}}
Cirplsir+]
do 28 i=irpl.n

c The ii;ﬁidz;ltifiﬁx1?;5?v?}§?§ on the max abs(s{v{i))/d{v(i}])}:

c

iffsbyd.la.biglge to 29

big=sbyd
<
¢ Save the index of the largest abyd:

iblig=i .
€

28 continue

e .
¢ Switch elements of the v array. If ibig=ir, no effective awiich
¢ 12 made.

1=y(ibig)

inhig]ﬂv(ir}

wiir)=I
€

raturn

and
[+F ] l.**tl.***l‘*t*l‘--#i#! e ey TN IS 2 DR LA TTI LT LI R R R R AL
€

¢ Subroutine SOLVE determinez the solution vector x, following the
c completion of the Doolittle LU decomposition. Forwerd decomposition
c in usad to solve Ly=b for T. Bockward aubstitution is then uaed
e to aoive Ux=y for the soluticon vector, x.
c
apbroutine soive(n,b,v, x}
double precision pin
double precision y{18],B(18) ,2{12).0
integar w{i18)
common /lucom/ a{1@,1@)
]
¢ Forward substituticn process:
y{1)p{v{1)}
do 3B iw2.n
pinmd. da
jehim=i=1
do 28 ju=1,iml
pinmpintalv(i}),1)0x{})
28 continus
y(i}mpl{v{i}}—pin
38 continue
&
e Bockward subatjiution process:
x{n)=y(n)falv(nl.n
nmi=n—1
do 5B [=1,nm1
Jmmre= 1
p i, 42
jp1=j+1
do 48 iwmjipl.n
kmpeF] p1=i
pin-pln+u{v{j},k}*x{kj
48 cont inuve

x(jym{y{i}=pind/alv(i}. 1)




58 gontinue
return
and

T ELEELL]
PIItEL LR L L LELE L

et T T Y R Y
ST LI ]

P EFTY IS REE RS LR R LLLE AL LR (YA YT L)
LRI ELENAER R LELL LR (R ET T LYY L L LLEL)
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APPENDIX B

EXAMPLE OUTPUT FROM TAYLOR DISPERSION MODEL

B.1 CARBON DIOXIDE [N N-EICOSANE AT 222°C
B.2 N-DODECANE IN N-EICOSANE AT 222°C

B.3 N-OCTANE IN N-QCTACOSANE AT 100°C




APPENDIX B.1

CARBON DIOXIDE IN N-BICOSANE AT 222°C
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TAYMCD (Toyloer Dlapersion Peak Modsl )

faveloped by: 4.B. Roddan {Dec. t9HT)
HPSBOR data fflenome: B318R7e
Solvent nome: n—eicoaane
Peak description: #2 CO2. =at. liguid, 20 asc. inj.
Tempercture : 272.80 C
Tempergture compensated diffusion tube |ength: 43.78 m
Temperature compensated diffusion tube radius: | SZ48ZE-B3 m
Injection time; @:23:18 [ 1398, =)
E Peak atart time: I:15: B {11788, =) = in]. time 2:51:58 {18318, =}

Faak end

Lime:

Paak maximum at:

Pauk atart vaoluye:
Pagk and vaolua:
Peak max valus:

- P14l v
- BA154 v
— . PO45RS ¥

3:31: B (12862, a) = inj. time

3:22:42 (1216@. s) — Inf. time

3 7:58 (11279,
2:59:38 (18778,

Feak widih at half height:

Preliminary eatimate of Dt2 (see Sun

i2B.e =

ond Chen, 1585):

14,1781 F—B9 m=+2/a

The mode|

ix:

! v(i)=B1/SCRT{t{ 1) ) wexp{—{LBdat { i) }on2/{B2et (i} 4Bt (i)-t (1))

B3=hoaeline voltoge [v)

prift inciuded Tn modal? ¥

Bimpre—axp gconatant {vessv@. 5}
Somd ot (mesZ/a)

i Bd=u; avg. fluid vatocity (m/a)
|

Initiol valuas:

Final iterctiang

j Convergence crlteria:

—. SE574E+HN
-. 9GASEE+RY

ES=base!ine drift {v/ 3}
KuDit 24 asu) o+ 2/ 48/012 [mee2/5)
o=diffuaion tube radiuz {m)

B2

(1} epailon = .10E-8B;

Model converged foilowing 5 Tterations.

B3

L26712E-B4 —, 14100002
L2520BE-04 -, 1 I6S5E-02

B

L=diffumion tube length {m)

Bs
ADSTIE-R2 — 11557696
4BSEIE-B2 -, 1TH7SE-06

(2} max ¥ of iterotiona = 28

Ho. of polnts : 182 Average errer L14B254356E-16 ¥
Sum of 3q res @ _782TEI7EHE-Q5 vesl Avg aka error . TEEO7I148E—E4 v
Avg agq errar L 1BESTERANE-RT venl Mgz aba arrer ZS167S92Z7E-R3 v
St mrr of eat: (1B3Z90537E-BF v Avg obmervotion: = .2313004%7E-81 v
r=squagred . 900385933 dvg prediciion ; = ZX1J68417E—9T v
D12 (final model result): 15.8372 E-89 mes2/s
' Tayler—Hunt gritaria: D12/ {uvaa)a, TAGE-DZ 7337 af(4«L)=,3BRE—BS

Retention time, {L/B4): 2:59:28 (18768.5 =}

D12 {top 95.8% of peak:; 9@ pta; 3:18:55 thru 3:26:25): 15.9361 -9 me«2/s
012 (top P9.B% of peak; 78 ptz; 2:19:25 thru 3:25:55;: 15.2251 E—0S mewl/a
b1z Etop A5.8% of peak; 72 pta; 2:19:48 thru 3:23:48}: 15.8137 E84 el
012 {top BO.8% of peak; BB ptas; 3:19:55 thru J:25:28}: 14,9957 E—#9 me+2/a
D12 (top BB.2% of peak; 50 pts; 3:20:35 thry 3:24:45;: 14 _ 9245 E-83 muul/3
D12 {top #@.8% of peak; 38 pta; 3:21: § thru 3:24:18): 14,5604 E-63 mesl/2
012 (top 20.8% of peak; 25 pts; 3:21:35 thru 3:23:48): 14,8219 E-89 meel/s
D1Z (top 18.@% of pedgk: 109 pts; 2:21:55 thru 3:23:30): 14,6987 E-89 mex2fn
012 (top 5.89% of peak: 14 pts; J3:22: 5 thruo 3:23:18): 14,4877 E—89 meel/s
TMZ (top 2.89% of peak; - 10 pts;  3:22:15 thru 2:23: 8): 14,3539 -9 mewlis
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ACTUAL PEAK DATA AHD MODEL RESULTS

HPSEEH datg filsname: pI1el7e
Sgplvent name: n—elcosana
Pagk descrlption: #2 CO2, 2at. [iquid, 78 sec. inj}.

Bi B2 B3 a4 BS
Fina! itarotisn: —.DES3SE481 .Z52D0E—B4 —_13B3EE-BT .4@SAZE-92 - 17R73E-84
% PT ACT TIME TIME FROM INJECT. OBSERVATION PREDIGCTION RESIDUAL S0, RESID.
3 § Hr Wi S= Hr Mi Se faec) {voltz) {volts) (volts)  (voltaesZ)
3 —
| {1 3:15: & 2:51:58 (18310, g — . Ba141 -, B@136 - BEBB5 _21396E-88
% 2 X:18: 5 2:51:55 (18315, —. ga141 -.Ba136 —~.g8a85 .Z0549E-88
3 3:15:1@ Z:52: @ (18328.) — . a4 ~.a8137  —.pOee> | 1133BE—98
B 4 3:15:15 2:52: 3 510325 % - . 38134 -. 88137 —.BERRE . 55117E-02
3 5 I:15:28 2:8E18 (18328 - 88141 —. B 3E7 - pEaR4 | \REEIE-92
K & 3:15:95 2:52:1% {19333. g —.BA1432 - BE15T —-_pBPRSs . 25587E-H8
4 7 3:15:38 2:52:28 {19348. ~.BO143 —. 88137 ~_ BEURAAG | 3647HE-0B
'? g 3:15:35 2: 52 75 (18345.) - 58142 —.pa137 — . peees | 2422BE-88
¥ g I:15:48  2:52:38 (193%54.} —.pa142 —-_BR137 —.BRBD5  .23118E-8B
. 1@ 3:15:45 2:52:35 (19355.) ~. BB148 —. 88157 —. 0P85 _71647E-89
11 I-15:8@  2:52:48 [18366.) - BR148 - 23137 — . peEal L B4119E-89
12 3:15:55 2:52:45 (18365, g - 881 48 —.p8138 -.5ORA7 | SEAZSE-BY
" 13 3:16: B 2:5Z:5@ (18370, —.PR14B —. 82135 ~.gee@z? | 47B61E—BD
14 3:16: 5 2:52:55 {12375, —.3a141 - 28138 — . poEa3 | BEFERE-89
3 15 3:16:18 2:53: @ 15359 - 08148 —~.8a13B —.BRRR2 | 29932E-49
s 16 3:16:15 2:93: 5 15355 —.Ba141 -. 88138 —.BERZ | GOBSSE-29
3 t7 J-16:28  2:53:030 Emaaa 3 —_Ba141 - #8139 -.B0g82 . 4437TE-89
g 18 3:16:25- 2:53:15 {18385.) -, 88141 —.B8134 - pRRD | 2R3ETE-89
i 1§ A:16:30  2:53:28 (18400, % - 23143 - a1 43 -.EQ383 .18379E-HB8
4 a@  3:16:35 2:53:25 Ew:ms — . BR144 —. 83148 —_ Beged . 1335RE-088
4 31 3:16:48 2:53:38 (18419.) - ae147 —. 88141 —_ pPBRE | 3T2RRE-88
4 no F:16:45 2:53:35 (198415, - _pA148 —. 3R] 42 —.paees | I7IARE-2B
23 3:16:58 2:53:40 (19420, —-.33148 - BA143 —.pgees 59@01E-88
T o4 3F:16:55  2:53:45 {19425 —. 88149 —.pet4s . DRRRS .2I54TE-98
L me 3;17: @  2:53:58 (18430} -.p2158 —.B2146 —.pABad: | |EEB4E-DB
26 3:17: 5 2:53:53 13435 —.Ba151 —.pB148 -.BEER3 . 11742E-08
:-_:3 a7 F:17:18  2:54: @ - 88154 —.BR158 - poaes . 10845E-08
3 28 3:17:15 2:54: 5 1@445 - 201565 —.Ba152 —_BpaRd | 1I5I4E-08
A 29 X:47:7@  2:54:10 (18458, —. 57 - . BA158 -~ BEeaz | 24948E-—R0
i I@ 3:17:25 2:54:15 {18453, —.Be168 - Ba15g —-.23e81 .S1835E-18
¥ 31 F:17:30 Z2:54:2@ (19460, — 81 B —.pa154 .BARRR | TESeSE-11
¥ I7 X:17:35  2:54:25 (18453, —.BA169 - . BB169 .peeas | 5t2B1E-11
i 33 3:17:48  Z:54:30 (18470.) -. 28175 ~.R3176 LRRe | ZSTEBE-10
4 33 3:17:45 2:54:35 (18475.}) - . BR1A3 —_aa163 .E@BdB | 71083F-12
A 35 A:17:58  2:54:48@ ?15453 b} -_aa192 — 83197 .epeea | 7T192E-13
i 36 I:17:55 7:54:45 (194850 —.|az2az -.Bazes LBEse1 L ID244E-1D
G 37 3:18: 8  Z:54:58 %13499 % —-.BR213 -, 88215 .B@e92 . ISG44E-D2
":-"i 38 Z:i6: §  2:54:55 (168493 -, 00227 - 2oz .epel? | 53179E-29
%0 I:i8:1@  Z:55: @ (18588} —. 00244 —_BA2AE .eBaaz L 4387IEBY
5 4@ 3-18:15 2:5%: 5 (18505.}) - . 3285 - 98Z67 .B39B2 24B3I5E-89
£ a1 3:18:28  2:55:18 (18519.) -, B85 —.2azzEa .@EeR3 | §7236E-B9
47 I:18:25 2:55:15 [18515.) —.88311 —.BA314 .BEpe3 L 95290E-BY
-4 43 E:18:39  2:55:2@ (18528, g — . B4 —. 345 .aBpE | 20376E-19
-EE 44 3:iB:35  2:55:25 (10523, —.BR3ATS -. 20378 .BEBR3 . 91395E-09
it 45 X:18:48  2:55:39 Emssa W —. 20413 - Ba417 .pREe4 . 15349E-08
A 46 3:18:45 2:55:35 (18535} -, 45T —. DB451 .BoRad | 1E793E-98
Cak 47 3:1B:5%8 2:55:49 %1@54& —. BRSH4 —. 38511 .EEeny . Se391E-82
- 48 I-18:55  2:55:45 (18545, - BR5S5D ~ BASET .gRees |, 71B99E-B8
% 49 3:19: @  Z:55: fna {19558. — . BRE2Z —-.BBE31 .eppa | TFTTIE-BB
‘i g A-15: 5 2:E5:55 (18535, % - . BRE3Z -, BATHZ .BEEE1E  9434SE-B8
4 5t 3:19:1@  2:56: 185E4. —. 88771 -~ .Ba7al aeata S537TE-R8
5 52 3.19:15 2:56: 5 18565, i - 28BE5 —. Qe8ER _GAPOE 12854C-83
i 53 3:19:20 Z2:56: m 16578, - . BAEss — ROTEE _epety L 116@7E-2T
i 54 3:18:25  I:56: 51&5?5 -, B1BET —.B1a7s .geaes | 153TIE-0R
et ES X:.19:38  Z:56: 2a 1@5EER. ) -~ A1179 —.281191 .12 | 13448T-87
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:% 56 3:10:35  2:56:25 (10585.) —.e13e7 —-.B1319 .eealz . 15180E-A7
A £7 3:19:48 D2:56:39 §1asga,} - 21448 —.B14E8 .B0812  .13465E-07
LA 55 3.19:45 2:56:35 (19585.)  —.016ee —. 81815 .Ba815 . 22566E-87
i B9 3:19:50 25640 E1asaa,g —. 81785 -.B17B0 .8aa15 .22134E-B7

3 g8 3:19:55 2:56:45 (10685, —.B1945 —.@1957 88812 | 15256E-87

ki E1 3:28: 8 2:56:99 {maw,{ —-. 82138 —. 22148 .eed12 . 13B48E-87

R g7 3:7@: 5  2:56:%5 (18615, -, 83340 —. B2347 .BEAR7 . 452G8E-08

sy £31 3:22:1@  2:57: © (18820.) - .B3558 —.B2563 .gaea5 . 2ea5tE-—ob

i G4 3:7@:15  2:57: 5 (10625.) —.B2788 —. 92791 @861 . 1Z528E-99

i g5 3:2@:28 2:57:18 {1963&.) —. 83834 -, B3a32 —.0BQa2 _3B57HE-8S

i B8 J.28:2% 2:57:15 Eiasss.} —.B32E7 ~.B3285 —-.geRaal IEASEE-9Y

4 g7 3:70:3@ 2:57:20 (10648.) —.B3553 —. 3545 —.0P084 _L3432E-08

: B8 J:2@:35  1:57:25 19545_% -. 83831 —.83824 — BT . 455P9E—BE

i g9 3:7@:48 2:57:38 (10658, —.84118 —.941809 —.6R00% .B3S32E-05

oy 7B 3:28:45 2:57:35 (18855.) —. ada4 -, #4488 —.peees .3IG1IBE-08

g 71 3:28:5@  1:57:49 {1&555.; - D475 - B47R3 —.BB@t2 . 15304E—87

i 77 3:28:55  2:57:45 (10665, ~.05024 —. b5eea —. 88215 | 22091E-R7

i 73 3:21: B 2:57:58 {19067&.) - B5339 -, 85320 —.paa19 . 35962E-67

. 74 Z:21: &5 2:57:33 Eiaﬁ?ﬁ.j —.D5652 -~ D534 —. BRI | 33T42E-7

4 ws F:21:1@ 2:58: B (19680.) -.0537@ -.p%048  —.00822 .47971E-87

i 75 A:21:15 2:58: 5 {1868%5.) ~. 86282 -.B62B8 ~. 08814 20T50E-37

4 74 3:91:28 2:58:18 (19650.} ~.B85a2 - —.pE578 —.BRB14 _1973BE-07

{ 75 3:21:25 2:5B8:15 {18695.) - . BEROE -, 96877 —.eeqis . IE34IE-B7

“q 79 3:2i:5@  2:;58:29 (19?@3.; — BT - #7181 ~.30088 . BEI23E-PE

i BR 3:21:35  2:58:25 (18795, —.B74TS —.B7460 —.3ARRE . ABEAIC-DB

3 81 3:21:4@ 2:58:3@ {19714.) —.a7749 - 87745 —.BP28a . 1E54GE-BH

i g2 3:21:45 2:58:35 (1g715.) - DBe1d -.@BROT7  —.Beea3 | BOBBEE-09

B B3 JI:z1:58 2:58:40 1a?za.g —.BB255 ~.BE254 -.pBB81  _13141E-89

3 B4 3:21:58 2:58:45 {1€725. -, Q4B —.B8478  —_ 0QARZ . 4GB3ISE-HS

7 BE 3:9%: @ 2:5E:56 (19730.] - BEEHE - .BRBBT B8eei  .11I7SE-8%

_g 86 3:22: 5  2:5B:5% E1a?35.; -.BBB7A -.pBE7S .B@aa5 .20644E-B8

5 g7 3:a2:18  2:59: @ [1a74e. —-.99038 —. 898348 .e9ass  _7ER28EE-AR
4 R 3:22:15 2:59: 3 19?45.; -. 29165 - 23179 .eed14 . 18399E-—087
i Bg 3:22:28 Z2:59:18 (18758, —.B9275 —-.89292 AR . 38575E-87
" ge 3:22:25 2:59:15 (3@755.) ~, 89358 —. 99380 .eeaz2  _4B777E-87
i §1 3:22:56 2:59:20 (18763} —.aa412 ~ . BE43D .BEE27  .7421BE-87

¥ 97 . 3:22:35 2:58:25 19755.§ -.B9445 —.B9471 .BODZE  .GET1BE-67

A g3 3:22:48 2:50:38 (12770, —~. 89453 —. 29474 .eee1 | 43763E-87
i g4 3:22:45 2:59:35 E1a7?5.§ -, #5431 — . DO44S BBBNE  .338TSE~B7
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TATWOD (Taoyier Dlsparsion Peak Wedel)
Dayeloped by: J.0. Rodder {Oee. 1987)

HPo®Re datg filsname: PAZRET 1
Solyant namm: mr—eicosana

Pank description: #2 C1Z, 7@ meg. injection

Temperature : o689 O
Temparoture compenzated diffusion tube length: 43.78 m
Temperature compansated diffusion tube radius: _S24B0E-83 m

Injectian time: 8:3@:19 { 1B19. s)

Peok start timm: 3J:15: @ 211139. s} — inj. time = 2:44:50 % DagR. =)
faak and timse: 3:39: @ (13148, =) — inj. time = 3: B:58 {11338, =)
Peok moximun gt: J:27:13 {12435. 2} - inj. time = 2:57: 5 [10625. =]

Fapk =tart wvaolue: - AT 38 ¥
Peok +nd valus: - 0B133 ¥
Prok max walum: —. 83227 ¥

Peak widih at half height: 384.9 =

Bre|iminary astimate of D12 {aee Sun and Chen, 1985} : 4. 56@7 E-B9 me«lfs

The model it
v{F}ﬂE1f5ﬂRT{t{i}}texp{—(L-Bﬁlt{i}}tllf{ﬂztt[i}}+EJ+BE-{t[i]—t{l}]

Bl=pre—sxp constant {vemesd.5) Bombaseline drift {(v/s)
Himbsk [mew2/s) KeD1 2+ oeu}wa2/48/012 {maeZ/s)
Ri=basal ins voitage (v) omdiffusian tube rodiuz my
Dd=u; avg. fluid veloeity {m/a) l=giffusion tube Length m}

orift included in model? ¥

81 B2 83 B4 - BE
Initig! values;: —.31B67E+@1 .B51470-24 —.13EARE-B2 .41129E-82 AT Z2EDT
Final itergiton: — 31914E+0t  BIEEIE-R4 -, 1353982 .41126E-32 .33B07E-27

Convergance criteria: {1} epailon = 1eE-08:  [(2) mox § oof iterctions = 28
Mode! converged fo!lowing 4 iterations.

Na. of poini= 287 Ayarage wrrer G - B352R42049E-15

v
Sum of 34 T8 .D2TTESABIE-26 veal Avg cba error L21EE54TIVE-R4 ¥
Avg =q error o . 7036D0G5BE—A9 vrel ’ Magx abs arror Gl LB417961 36E—04 ¥
Stgd err of ast: .ZBEZBATEZ2E—M v Awg obzervation: —.18121324BE-21 ¥
r—=qugrad :  .989993188 Awg prediction I - 1@1e 1324801 ¥

D12 (final model result): 1.629% E—09 mes2/s
Tayler-Hunt criteria: D12/ {uva)=. 215E-82 722 a/{4eL )= 0GRS

Retention time, [L/B4): 2.57: 5 {18625.9 7}

D12 (top 95.9% of paok: 168 pta; 3:28:45 thru 3:o%: @}: 4.6299 E-29 men2/s
012 (top 99.8% of pmak; 141 pte; X-721:3 thru 3.33:18): 4.B751 E-09 mesl/a
. 3
3

D12 {1op 85.8% of peak; 128 pts; 3:22: B thru 3 2:353: 4. 5204 E-BG musZie
012 [top 5&.9% of peak; 118 pis; 3:22:25 thru 3 2:18 4.E318 F—29 meslfa
D12 Etap GG 0% of peak; 98 pta; 3:23:35 thru 3:31: 8): 4.8325 E—85 me+Z /=
012 [top 40.€% of peak; &7 ptm; S:24:3@ thro J138: @j: 4. 6209 T-BO meal/s
012 {top 28.8% of pedks; 45 pts:; 3:25:25 thru 2% 5): 4.587% E-B9 m**2/a
D1z {top 1@.8% of peck; 1z pta; 3:26: @ thru 3 28:35 4. 5780 E-03 mesZ/m
012 (top 5.@% of peak: 23 pis:; 3:26:28 thry 3:AR:1E) 4.5501 E—89 mesl/s
o12 {top 2Z.9°7 of peak; 15 pia; F:26:48 thru 3 27:5@% 4 412 E-B3 mer2/s
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ACTUAL PEAK DATA ANO MODEL RESULTS
HPOEEd doto filenome: B428871c
Zgjvant noms: n—eicopzane
Feak descriptien: #2 €12, 2B sec. injaction
B1 B2 23 B4 BS
Final itaration: - 31914E+871 .B3BB1E-B4 - 1Z52QE-82 .471126E-82 . 3I3ROVE RV
PT ACT TIME TIME FROM INJECT. OBSERWATION PREDICTION RESIDUAL SG. RESIO,
§ Hr Wi Se Hr Wi Se {sec) {voita) [votts) fvoltz)  [voltsws2}
1 3:15: 8 2:44:50 989&.% -, 38128 —.88135 —.0BBay 75625009
2 Z:15: 5  2:44:55 { 9895. —. 28137 —. 135 -.pReaz 30916089
I I:15:18 Z:45: A ge88. ) g T —. 88135 -.e80a2 .311GEE-82
4 I:15:15 2:45. 5 § 99@5,% - B@137 - 881355 - eeaaz | 3135389
5 3:15:20  Z:45:18 { 9918 —.88136 —_ag133 —.BBEa1 .SO96RE-id
B 3:15:25 Z:45:15 [ 88915.) —~. @136 —.8a135 -.epee1  EB1AGE-19
7 Ii1&8:5e 2:45:28 E 9925‘; -. 83136 - BE135 - Qeea1 .6BETIE-18
8 3:15:33 2:45:25 9925, —. 88136 —. 2135 - BB6H1 | SO9548E-18
9 3:15:4d 2:45:30 [ 9926. - . PAtSy —-.Ba135 - B@gez | I11G0E—RE
18 3:15:45 2:45:35 [ 9835, —. 3T -. 28135 —. 0982 L 58811E-89
11 3:15:58 2:45:48 E 9943 . -.BR156 - 8135 —. 32331 | 5497EE-18
12 2:15:55  2:45:45 [ 95435, —. 88135 - 3135 .pRRed FESG2E-11
13 I:1E: © 2:45:5@ E 995'3‘3 - 3135 - . B&135 .eeped . Se148E-11
14 3:16: 5  2:45:585 { 9855, —.Ba135 —. 88133 .pgpaa | 1e831E-1e
15 I:16:19 2:46: B [ 3Y6RD.) -. 08135 -. B35 - .@a2es  _13I322E-18
16 5:16:15 2:46: 5 Q965 . - . 135 —.0813% .epged L 16TIRE-108
17 3:16:28 Z2:48:18 aav7e. - BB135 —. 835 .poe0s (21R87E-10
t8 3:16:25 2:46:15 | 5973, —.2p135 - 22136 .paaa1  .2791Bc—14
19 3:16:3@  2:46:20 E 998@. -, 28135 —. B31386 .ageatl 3S098E-18
28 3:16:35  2:45:;25 { 9985, —~.BB135 -, @136 .eeed1 35399810
21 A:16:48  2:46:30 [ 9598, —. 2135 —-. 99136 .2pda1 | 596B1E~-18
22 §:16:45 2:48:35 9995, - 83115 -, BA136 .6aee1 | TTE16E—1@
23 3:16:58  Z:45:40 (10008, —.Ba133 —.8e1lE .eeea1 | 1BI7SE-05
4 3:16:55 2:46:45 (18225, —. 98135 —. 28136 .pooal L 13341E-89
25 317 @ Z-46:58 E'!BBWL - a@i35 - . 59136 .aage1 L 17S7EE-49
25 3:17: 5 2:48:55 (1815, ~. B35 . -.e2137 .Bsaaz | Z2998F-@5
27 3:17:10@ 2:47: @ (10028 -. 88135 - a1 37 .po002 | 298HIE—6S
28 5:17:15 2:47: & E'HWEE, - 2137 - . 3137 .BAEEe | B9TTZE-1d
26 JF:17:280  2:47:18 {18838, —.BB138 -.8a137 —.peee1 | BE1TTE-19
e 3:17:25 24715 (18835 —.2813% -. 88158 _eoped _18536E—10
A 3:17:3e 2;47:22 (10049. - @139 -.B3138 - B2ap1 | 117B3E-89
Iz 3:17:35 2:47:25 {1045, —.B 35 —-.82138 —.pega1 L 47ES3E-1@
33 1:17:40 24730 {1BBEE.§ —-. 688148 -, ae1ia —. gaee1 | 15319894
34 3:17:45 Z2:47:235 (10255, —. 89139 -, 3138 .PBBpe | EF4ETE-]
35 2:17:58 2:47:44 ‘mﬁﬁﬁ.% -. 88138 -.BE148 .Baegz (IIBME-0D
6 3:17:55 2:47:45 (10865, -.0813% —. 88148 .eaeat L 2e261E-89
A7 3:1B: @ 2:47:58 (19678, ~.BR141 -. 23141 LBoRRe L 16399E-11
Ig F:18: 5 2:47:53 {18075 —.Ba142 —~.68142 .aBEeE | 14A52E—11
3| 5:18:15 Z:48: 5 [12@B5. —. 8144 - B8t 4s .epaed L 18T53E-18
4B 3:iB:Ze 2:4%8;18 (19028, - D144 - Ba145 Redp  53323E-18
41 A:1&8:25 2:48:15 {1e@35. —-. 2145 —-.BR146 .ad8@1 BITZBE-19
42 I3:18:50 2:48:28 {191@3.; - BB146 —.Bgtay .eepdt L 13V58E-49
43 I:18:35 2:48:25 (18185, —. BR143 —.3R148 L Peoed | 14E3DE-1D
44 3:-18:48 Z:48:28 (18118, ~. B354 -.Ba158 -.p@BRa . 21611E-11
45 1:18:45 2:48:35 {19115, —-. 28151 —. 8152 .epea1  T446BE-18
48 J5:18:50 2:43:40 &1912@, -, 88153 —. 8154 Leees] | SHASSE-18
47 3;18:55 D48 45 (181235, —. g - 2156 LBEBR2 | I3IDAVE-8D
g I3 @ 2:48:58 {1e134, -.BR157 —.BB158 .aaEa1 12912688
48 I:19: 5 Z:48:55 [181355. —. 88153 - ae1dl .2ege2 | 247TTE-8D
58 J:19:t@ 2491 D (12149, -, RB1E2 - . S2163 R L18178E89
51 F:-19:15 2:43: 5 (10145, —. BRE184 - @R166 - .pgeaz  (S10E2E-80
5z 3:1%:2% Z2:49:18 {1@155.% - _BB167 -, BR169 .68882 _62I63E—-09
53 X:19:25 2:49-15 {19155. —-. D188 —. BB173 _BRads . 25245E—-28
54 3-19:38 2.48:28 (18168, - 281N - Be177 _PREAE _l4357E-03
55 3:18:35 2:49:28 {(1@165.) -.a17e -.2a181 LBeRRs _2BI34E-0E
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— TATMOD (Tayier Diaperslen Feak Wode |}
. peveloped by: J.B. fodden (Dec. 1987)
HpopaR data filenaome: pEa1E7C
Solvent namal rgclacosana
Pedk description: #3 C8. A e inj-.
Temperature 106 .88 C
Temparature compenasated diffusion tub= length: 43.681 m
Tamperature pompenacied diffusion tube rogiuas LE236REE—ED m
lnjmction time: 1:32:1@ { 55308. s)
Pegk =start time: 3: & & [18588, 5] — In}. time = 1:27:58 {f RZ7¢. =
Pegk eand time: 3:31: @ (126684, 3% - inj. time = 1:58:5a [ 7128. =
Peok moximum at: 3:15: @ (117e8. =) = iRj. [ime = 1:42:58 [ B170., =
Peak atort vaiue: . .PRBEY ¥
Peak end value: .BaRET v
Penk mox valuel —. EaEls v
Fadk width ui haif hmight: 575.8 =
Praliminary astimate of D1Z (aae Chen, t0B85): 1.1829 E—#9 mewZ/e
The mode! is:
v[l}-E1ISGHT{t{i}}muxp{-[L—B4#t(1])**2{(521t{ij]+33+55-(t{i]—t{1}}
Blmpre—exp conataont {vusra@.3) ES=baseline drift (wf=)
Eo=4ek (masZ/a} EAD12+{atu)*-if#SfD12 (mes2fa}
EZmboseline voltage () o=diffusion tube rodius m
BAmu: avg. fiuid veiseity (m/a} L=diffusion tube length (m
Drift included in model? ¥
B1 B2 B3 =2 BS
Initiagl volues: —.S37AZEHAB _SERTRE-BJ .G18RRE—B3 . TRETAE-A2 _18753E-08
Finel itaration: -, %3001 E+HRE LGRABIE-B5 LBASTEE-RI LTRTITE-B2 . 1187306

Convergence critaria: f1] epsilen = 1gE-a8: (2) mox 4 of jtarations = 20

Mogmi converged followlng 4 iterctions.

Ma. of pointa 3T Average errar - 271585868514 ¥
Sym of ag res  ARTESRZERE—0E veel Avq aba errer _2a2pS4R12E—04 v
hyg oq errer o 131442124608 werl Max abs errer . GA444B3503E—B+ ¥
std err of est: . 353I5IAGEDE—24 ¥ Awg obaervation: — 14523450182 ¥
r—aquared . .gea774850  Avg pradiction @ —. 148234508 1E-82

g12 {Tinal model remuit):  1.Y97F E-0% manZfs
Toy | or—Hunt criteria: 012/ {ueg)= . 325E-03 Tup? of{4+L)=. 38BE-E5

Retention time, {L/E4): 1:42:44 [ 6164.8 1)

b1z ftop 95.8% of peak; 238 pts; 3: 5:35 thru 3:24:45;: 1.1950 E—B9 mesd/s
48

o1z Etﬂp op.g% of peck; 205 pias 3. B:35 thru J:23: : 1. 1549 E-29 mes2/%
D12 {top B5.B% of peck: 185 pi=; 3: 7:15 thru 3:22:453-. 1 1986 E-92 me=2ja
D12 (top £0.@% of peok; 173 ptaz 3: 7:45 thru 3.2218): 1. tBES E—89 meel/s
D12 (top 5@.8% af peok: 137 ptx; 3: §:25 thru z.2@:35); 1.16828 E-@9 meulfs
D12 [top 4@.8% of pmak; 95 pta; 3.1@:45 thru 3:19: a%: 14878 E=89 maeifs
D2 Etup o o of peak; B3 pts; %:12:18 thre 3:17:35): 1. ba7E £-89 meel/s
D12 [(top 1@.@% of pmak; 45 ptas 3:13: @ thru 3:15:4-5%: 1.2415 £-88 mawZ/a
o1z Etﬁp 5.8 of peak; a1 pts; 3:13:35 thru J:18:18): 1.0574 E-@9 ma=2/s
012 (top 2.6% of peak: 18 pta; F:14: 3 thru 3:15:35): 1.4BB6 £—@% mealfa
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ACTUAL PEAK DATA AND WODEL RESULTS

HP9eed data filenome: asai87c

Sglyeni nome: n=—ocigoosgns

i
! Pack desgription: #3 CB, 28 aac. injection
] 81 Bz B3 B4 BS
: Finol itergtion: —.338@1E+0¢ _GS4A3E-B3 .GA57BE-23  .7@7I7E-82 . 11@73E-06
; PT AGT TIME TIME FROM INJECT. oBSERvATIQN PREDICTION RESIDUAL 530. RESID,
i 4 Hr Mi Se FRr Mi Se  (zec) (voits) (walts) {valts) {volisasd}
4 ———
i 9 3:a@: @3 1:27:59 E 5279.) LBeae1 .eeasd - op2R3 .11811E-08
i 5 3. @8: 5 1:27:55 ( 3275. % . BRRE] . RRG4 —.p4863 . 11282F68
i 3 3 @:1p 1:23: @ E 5280. . 88060 .ABRE4  —.BBBD4 . 1914RE-RE .
; 4 3: @:-15 1:28: 5 ( 5285. . PRAE1 . BRES ~ 80083 .1154BE-98
i s x; 9:28  1:28:1@ { 5298, T . BRRE4 —.B0@B2 . 5BSTEE-09
-j 5 3: 8:25 1:Z78:15 { 5295. . BRBET . eeaG4 —-.po0e23 | 11B2ZE-08
; 7 3. @:30  1:28:29 { 535@ . BPae2 . BRBEA —.ppee2 .GOZIZE9Y
: B 3: B:35 1:28:25 [ 534 . BBEE2 .PRAs4 —.egenz EBVIIE-@3
; g 3; @:4p 1:28:38 { 531a aaas1 . BHAG4 ~.gRe8I . 12063685
i 1@ 3: @-45  1:28:35 ( 5310, . BReE4 —.0BE0n4 - . 20841E-R8
; 91 3: @:50 1:28:49 5aza Y aanai RBAGE _.poaeas  _12082E-03
; 12 3: @:55  1:28:4% 25.} . peRER .geacs  —.e9@3dZ .613ZBE-9
: 13 3 1; @ 1:28:5@ 533a 3 . BEAS2 . BOABs -.ape92 . GE499T—BE
: {2 3:1: & 1:28:55 { 5335.] . BERs3 .mResd -.80031 . 20BI3IE-89
i 15 3 1:t@ 1:29: @ E 534a. ) . 08562  pRREs  —.@a802  _SE597E-BI
] 16 ¥: 1:15  1:28: 5 { 5345 L BRas . BRaEA -.5a@aT 11525088
| 17 3 1:28  1:29:19 E 535@. .DRas) . 00064 —.e@ap3  _11265E-848
: 4@ 3: 1:25 1:29:15 [ 5335 .peBs3 T - opgal . 17725RE-89
; 19 3: 1:38  1:29:29 E 5368. .BRAB3 . ROAE4 ~.2aRRl | 1594AE-09
1 29 3- 1:35  1:29:25 ( 5385, -2ee6 ‘opdE4  —.2@003 1826108
: 21 3: 1:4B  1:29:38 { 3370. . BRRE4 . a8a54 .eeapd |, 1S619E=11
; 27 3: 1:45  1:29:35 ( 5373. . PERE4 . BaB64 .peges | J2526E-12
i oy 3: 1158 1:28:4@ E 5388. . BRED .Beas4 —. 08272 . 3B7SIE-89
. 24 3: 1:55  1:29:45 ( 3383, . BBB64 . BRBG4 .gappe L 18122E-11
E 25 3: 2: 8 1:29:50 E 5388, BB .Bees4 .B@egd | 58238E-11
: 55 3¢ 2: 5  1:29:53 ( 3399 .BBAB5 .BORG4 .eaga1 . 18554E-99
i o7 3 Z:i@ 1230 @ E 54aa .DBRGE -1 .aeea2  B2427E-B9
T 2@ 3. 2:15  1:3@: 3 .BRRsT . BRBES .apaps . 13316E—08
| 7a 3. 2:28 1:38:18 ( 5411 g . Be06E . BBRE3 .peeel | BBSU9E-BY
.; za 3 2:35 1:30:13 E 5415, . BBRLS . 28863 .BpaR2 | JEB41E-09
. 31 3: 2:38 1:30:28 [ 5428 .BaeEs . BEBES .BEBR3 |, 12R4E-BE
! X3 3. 2:35  1:30:25 { 5425 . BRRE7 .@Ras3 .apBRs . 19454E-88
: 33 I: 2:48  1:30:30 E . BeeES . BEAG2 .aeeal | 7Re14E-29
| T4 J. 2:45 1:2@:39 5435, . BRRES . BRa62 .aeRal . BMEIE-0%
B 45 3; 2:5@  1:38:48 ( D4R, . BEBES . BRREZ _@eER3 18138698
i IE Fu 2:55  1:38:45 { 5445, , BOOAS . 88852 .Baee3 . 12135E08
i 37 3: 3: @ 1:3@:58 ( 5456, . BBBBE . BeRE1 .eeEas . 23111E-88
oy 3@ 5; 3: 5 1:38:55 E 5455 . RRRIGET NCCEL .peees | I7EOEC-RB
K 3% 3: 318 1:751- @ . ePaE7 . BRRGS .EpRaT . 4ZBSRE-99
i 48 % 3:15 §:31: B E 5455 % . BERES .epege .gepas 242353888
: 41 3: 3:2@  1:31:18 [ 478 . BBRASS . DRRES .obpes . 2BH12E-9S
| 42 3: 3:25  1:31:13 54?5 ; . BEAGH . BeRsa .pEeas | 23344E-88
i 4% 3. 3:20  1:31:20 . BEBL | . BBe5e .p@p@z | SITREE-89
o 44 1; I35 1:31:25 5455 .Beese .BRRSE .g@eez | 34156E-09
i 45 3: 3:a@  1:31:3@ [ S49@. .BRRET . @eass .3peas . 1155EE-8E
o 45 1: 3:45 173135 ( 5495, . BBBSS . BEAs7? _o@apz . 4873YE-8Y
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APPENDIX C

CORRECTED DIFFGSION COEFFICIENTS IN THE SOLVENTS
N-HEPTANE, N-DODECANE, AND N-EEXADECANE
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(K)

208
374
427
427
476
476

304
373
373
443
443
513
515
566
566

323
323
371
371
443
443
514
514
a4
64
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Table C.1 Corrected Infinite Dilution Diffusion Coefficients for Alkanes

(kPa)

101
3480
710
3460 -
1410
3480

1410
1410
3440
1450
3450
1450
3430
1460
2440

1420
3459
1402
3444
1383
3425
1412
3427
1404
3408

in n—~Heptane,

n~Dodecans,

n—Hexadecane

Glﬁ

= O S e
fon = RN Y
I—‘DON-:IWW.
W H W H
o222
HE‘EGDD

= v [

1.96 % 0.06
401 % 0.03
7.04 4 0.13

i2.2 £ 0.1 11.2 + 0.1

(Dfy X 108 m®/s, £ 1 ctandard deviation)
Ce Cio Ci2 Cis
Solvent; n~Heptane
282 £ 0.07 — 021 4+ 0.08 1.92 + 0.13
6.12 + 014 3.45 £ 002 490=£0 g4 4.45 £ 0.03
- 2.093 £ 0.01 - -

0.79 £+ 0.08 289 &= 0.0 T.73 L 003 6837+ nol
- 12,9 £ 0.2 - -
153+ 00  130= 0.0 11.9 £ 0.0 10.8 £ Q.0

Solvent: n-Dodecane
127 £ 002 109 + 0.04 - 0.83
2334002 29 &L 0.12 - 205 £+ 0.16
3.40 4 0.16 - - -
6.79 + 0.12 583 & 0.06 - 4.26 + 0.13
6,79 + 0.20 — — -
11.5 £ 001 9.71 + 0.00 - 745 £ 0,40
1.2+ 0.1 - -
173 +01 151302
16.2 £ 0.1 - - -
Solvent; n—Hexadecane
119 4+ 003  0.99 + 0.02 Q.95 £ 0.09 -
1.25 £ 0.0% - - —
291 + 0.02 2.06 4+ 3.03 — -
2.36 + 0.02 - — -
510 4+ Q.08 4.3% + 005 409011 -
5.05 £ 0.07 - B —
0.50 & 0.44 - T.08 £+ 0.21 -
9.10 + 0.52 - - —
13,1 = 0.3 12.5 £ 0.7 10.4 + Q.7 —
12.7 £ 0.1 - - -

!I.llilllil
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372
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443
513
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ob7

323
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443
513
a13
564

Tahie .2 Correcicd Infinite Dhiution Diffusion Coefficients for Gases

in n-Heptane, n—Dodecane, and n-Hexadecane
(D9, x 10° m?/sce, + 1 standard deviation]

P

{kPa)
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APPENDIX D

TABULATION OF LITERATURE DIFFUSION COEFFICIENTS
VERSUS THE PREDICTIONS OF EQUATION 7.8




Lad

Table D.1. List of References for Table D.2

Heference

Rosst and Bianchi (1961)
Van Geet and Adamson (1964)
Bidiack and Anderson (1964b)

. Bidlack and Anderson (1964a}

Bidlack et al. {1969)

Shieh and Lyons (1969}
Malik and Haydulk (1968}
Hayduk and Cheng (1871)
Hayduk and Buckley {1372)
Hayduk et al.(1972)

Lo (1974)

Moore and Wellek (1974)

Hayduk and Iokimidis (1876}

Fvans ef al. (1879)
Chen et al. {1982}
Alizadeh and Wakeham (1982)

i7l




Table D.2. Predictions of n-Alkane Literature Data by Equation 7.8

(10°D%,, m? fsec; 1 = solute; 2 = solvent )
{All Data at Atmospheric Pressure)

Ref. - C#, 1 C+#, 2 T {C] ?‘L meas, 'D?E,, Eq.7.3 % Error
1 10 T 20 2.06 2.09 1.3
1 14 T 20 1.65 1.58 43
1 18 T 20 1.46 1.27 -13.0
1 28 7 20 1.08 0.83 -22.7
1 Ry 7 20 0 B 073 273
2 3 8 25 2.38 2.11 ST
2 8 8 80 3.55 .58 12
2 12 8 25 1.72 151 -t12.0
2 12 & 60 2.72 257 -1.7
P 18 8 . 25 1.20 1.05 -12.2
2 3 12 . 25 - L4 0.5¢ -21.8
2 2 12 60 1.08 1.94 2.0
2 12 12 i 0.81 0.58 -28.2
2 12 12 60 1.48 1.40 5.4
2 18 12 25 0.6 0.35 42,1
2 18 12 60 1.04 .98 5.4
2 13 C18 60 0.53 .47 -12.1
3 6 18 25 0.87 0.56 -35.8
3 16 6 25 2.19 2.09 -4.7
4 15 T 25 1.78 1.55 -12.9
4 7 L6 25 .76 0.47 389
4 12 8 25 2.73 2.62 4.2
4 6 12 25 1.45 1.18 187
5 3 B - 25 4.5¢ 491 70
5 6 6 25 4.21 433 30
A 7 6 25 3.78 3.89 2.9
5 8 6 25 3.47 3.54 1.9
5 10 6 25 3.02 3.00 0.4
5 12 6 25 2.74 2.62 4.8
5 18 6 25 . -3 9.09 -5.6
5 18 i 25 2.01 1.90 5.8
8 B 12 2% - 1.40 1.16 -16.8
8 12 6 25 - 272 262 -39
6 f 12 35 1.67 1.50 -10.2
‘6 12 i 35 3.06 3.03 08
8 12 16 75 0.57 0.20 64.3
6 16 12 25 0.95 0.41 -57.0-
B 8 16 25 0.68 0.39 425
5 16 8 25 1.43 1.18 -17.8
7 2 8 50 6.01 g 98 "54.4
7 2 T 30 5.5 731 36.5
7 2 T 40 6.70 8.32 24.1
8 2 6 25 5.79 8.71 50.4
8 2 ¥ 25 5.44 6.32 25.5
8 2 & 25 4.57 5.49 20.2



O, 1

—
bl =3 S =] ey WP bo R o B B2

= —

=

b e B B B B S B JESS B RS RS [N IS R |

C#, 2

12
16
]

i
3
12

16

6
T
B
16
16
T
12

T .

(]
-

= —
0w w00 e o a2 =] =) hodn S S U D D00 DD D0 00 =] =] =] OO o w]

Table D.2. {continued)

T{C)
25
26
25
25
25

25

25
25
25
23
25
25
25
25
23
23
23
25
5
21
23
30
20
25
30
40
20
25
30
20
25
0
20
23
30
20
25
30
44
20
25
40
44
20
25
30
40

u ]
12, meas.

2.73
1.95
BEd
T.a2
6.4%
3.94
2.66
4.87
4.4()
3.83
143
1.75
2.54
135
2.158
0.97
1.59
(.88
1.63
3.1
3.12
.22
4.3
2.50
2.35
2.74
1.54
2,02
1.97
L.52
1.61
1.58
4.20
4.63
5.00
2.97
.08
.48
3.82
2.12
2.40
2.52
2.96
1.60
1.80
2.05

299

a
12, BEq.7.8
250
1.52
13.54
064
B2
4.0%
240
G.34
5.33
426
1.19
1.50
227
161
1.97
8.6
1.73
0.60
1.32
275
2.08
a2a
2.13
2.33
2.55
2.09
167
1.56
204
1.23
1.50
1.683
2.78
3.00
3.23
2.0%
2.27
247
2.87
1.60
1.76
1.53
229
1.23
1.38
1.53
1.85

% Error

-1.0
-22.0
45.2
‘31.1
23.6
3.3
98
10.4
21.1
113
-25.5
-14.1
-10.5
-25.0
-8.5
-25.9
-5.2
323
187
-11.4
-4.5
0.0
8.3
6.4
8.5
9.1
0.0
-8.1
3.8
-12.2
-6.7
8.1
-33.8
-35.2
-35.4
-29.8
-26.2
-29.1
-24.8
-24.6
265
-23.3
227
~23.0
=274
-25.3
-16.9



174

Table D..E. {continued )

Ref. c#a 1 C#: 2 T (C] fz, MERS. Dgi, Eq.7T.B % Error

12 10 10 Coom 1.44 0.98 -332
12 10 10 25 1.55 1.10 391
12 10 i0 30 1.65 . 1.24 263
12 10 10 40 1.56 1.53 -179
13 12 8 25 2.72 2.82 -39
13 24 6 95 1.60 1.49 -G8
13 32 5 25 1.36 L15 -15.1
13 24 8 25 1.09 0.80 -27.0
13 32 8 25 0.92 0.58 -36.5
13 24 12 25 0.45 0322 -51.5
14 1 6 25 B.73 12.54 447
14 1 10 25 4.38 555 26.7
14 1 14 25 2.78 2.16 112
15 1 8 25 8.08 2.2 319
15 1 8 60 3.45 12.54 327
15 1 8 100 14.20 18.92 33.3
15 1 8 130 - 1810 24 85 373
15 1 10 25 438 5.55 26.7
15 1 10 80 . 7.16 9.23 28,9
15 1 10 160 18.80 24 .45 30.1
15 1 14 25 2,78 2.08 112
15 1 14 70 5.47 6.88 25.7
15 1 14 101 7.80 10.00 2892
15 1 14 15T 12.00 16.90 a0.0
18 8 7 27 2.41 3.44 0.8
16 B 7 35 3.65 3.87 59
18 3 7 42 417 428 a1
16 . £ 7 50 4.56 472 35
18 f 7 55 4.83 5.03 41
L6 6 T 60 5.04 5.34 6.0
16 7 6 27 3.72 4.00 76
16 7 8 35 4.12 447 25
16 7 5 42 455 4.90 73
16 7 8 50 4,86 5.42 115
16. 7 6 55 5.10 5.76 13.0
16 6 8 22 2.34 2.49 ' 6.5
18 6 8 27 2.57 2.72 5.8
15 8 8 55 2.97 2.10 49
16 - 8 8 42 3.30 3.44 42
16 6 -8 50 3.67 3.84 49
16 6 8 63 - 4.13 438 5.2
1 ) f 2% 3.25 . 3.28 4.3
16 8 8 27 3.48 . 384 48
16 8 & © 35 2.85 4.07 5.8
16 8 & 42 . 4.18 4.47 7.5
16 8 B 50 4 57 495 8.3
18 8 & 55 479 5.26 9.9



16
18
16
L6
16
16
16
18
16
15
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Table D.2. Predictions of n-Alkans Literature Data by Equation 7.8

C#, 1

o PR R R U Bt B |

(10° D7y,
C+, 2 T ()
8 20
8 25
B 50
8 60
8 70
7 20
7 35
7 30
7 60
7 70

m?® /sec; 1 = solute; 2 = solvent)
(All Data at Atmospheric Pressure)

u ]
D.‘ii, meas,

2.4
2.58
3.46
3.89
4.35
259
3.21
3.82
4.24
4.74

D?E, Eq.7.8
2.13
2.77
345
3.95
4.47
2.48
3.15
3.87
4.39
4.94

% Error

-4.3
-4.0
-0.2
14
a7
-4.1
-1.9
1.3
3.5
4.3



Lef.

16
G
16
16
16
15
16
16
14
16

Cé#, 1

B R I I |

o008 0f R oo

C#, 2

—] =] =]~y =] o Ge A0 G0 G0

T (C)

20
35
0
ili]

i

20
35
ad
60
7o

a
12, mean.

.23
2.88
348
+.82
4.35
2.59
3.21
3.52
434
4.74

sz, Eq.7.B
2.13
297
3.4h
4.9k
4.47
248
315
3.87
43¢
4.94
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Table ID.2. Predictions of n-Alkane Literature Data by Equation 7.8
(10°D%,, m%/sec; 1 = solute; 2 = solvent)
(41l Data at Atmospheric Pressurc)

% Frror

-4.3
=4.0
-0.2
14 .
2.7
4.1
-1.9
1.3
3.5
4.3
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