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e so;parahou of mxponenfs from & fliid tream ify admm is-a wel-
s\ml p.mcﬂm The, adserpnm\ of a Smg"le wmponent from an aqueous
o s o B2 ly ol Hy s e of reeacecs i
‘-mn;(lgﬂi)ﬁ +van Lier (1933’) and Weber and; Lui, (1930). Relatively lmle model
B done for the bitary or

el

L

A A

mp case howeved, which Tias 16 be. L8
‘mpm:ncu Asaﬁmwmptowurds ing . oot don systern; .

syst:mnmnempled, In this stady,, zhebmaxyadsozphmofgo!dandmecyamdm cels

suﬁ‘mendy short adsorbent length so that immediate or incipient cffluent conocnu-;twm
bteakd:mgh oceurs. Avsiows by Weber and Lui (19803, ‘the mini-oolumt technigye glves:




Ax fon o Tesh firs . South Africe 3 1961, lthough the
U.S: Bilrean of Mines conducted #a ealier study in 1949, T the lasier Gases -the-
‘process failed owing to thesinability of weak-base Tosins fo estract affons efficiently at
the-high H valucs of cyanide leach liquors, Busstal étal. (195, and Biistal aad
Welis (1555) observed tiat gold fn & cyanide solition conld Teadibly be adsorbed onte
strong--base anion exchange resing together with other metal cyamdé éomplexgs By.

w/ing a series of selectve eluting agents, - they found it posmblc [ rmmve th.-;v y

relatively high concentrativns of the vatious-metals.

Davidscn e, al. (1961), using strong~base amion exchange'm{ins,also dmnsuafed '
the dotential of the: Resit-In-Palp (RIF)-process and expressedd the view st it could
compéte with the conventional zinc—precipitation pmcessymm’ding that' ‘the gmgr;m )

sojution was high in gold. and relatively free of oomp:t{ng m:ml c&amd wmplexes. .

Using real m\nums they observed mat gotd loadmgon fhie. rcﬁn wis r;lmd 1o he: N




St X hadcs emlw(ws) reoeutly ‘investigated using song—base resins to
exv:mgokﬂw& cyamde solutions. “They that the ivity of gold
adsorption, ¢biipled Wiih thé'highi cost of clution, nendered the process unfavourable
eith zine ‘précipitation. [T their srudy however, only clarified solutions

were mvcsngated and the ecoiomic Yanefits to be. gaired from the elimination of
i by ising 4n ,, were ignored.

More receatly, Riveros anid Cooper (1988} invest'zated the inmaparticle. diffision of adsorbing )
‘anions it 4 srong-Base anion exchan’ge Tesin using a shyinking core model. They fourd that 1
the iqn-sparﬁde ‘diffusional: resistances fm‘ gold and silver cyanides are lower thin those for
coppet, zine, and iron cyanids complexes. “This explains why gold and silver cyanides load
onto the Tesin rclmiveiyiuickly Howevef, they also fouad that gold and silver cyanides were
then slowly - elumdfxom dmxesmxﬂrwasleﬁmthcsolnmm "{he driving force for this
dlsplacm*\wasambmed 10 ths resms ethlmnm pxaference for the base metal cvano
comglexes.

Workisﬁahgfmbaonm






(ii) lncpmlesoﬁr:smmmxunﬂ:anthoseufcmu mdhenccmom

ophistics iques are 53 Wu:kmthtsﬁaldxsy:senﬂybemgdmcby
s S :

a,

@ . . Résius dre Tpss detse than potivated carbon and tend o nocumula:eanhasmﬁce
"of the; pnlp unless agitated properiy. :

£ ,Resins are generally more expensive than activated cathan.

- 17 THE CHEMISTRY OF ADSGRPTION

Fleming and Croipberge (1984) have examined the chemistry of the interactions berween the
ide jon, the zinc ide jon and the
Prosented below.

hange resin. A brief summary is

ﬁmmmal groupof & s\mng—base anion exchnn,,; Tesin is 4 quamm.ryr amldcposscsmg a '

o % Ala(CN);

3

ﬁm
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re and spreadivig

. “The mathuna.um

possﬂ:de Yo pmceed ‘with’ the siiodélling of the Kinétics.

i proposed by Fritz and (1974) is fitted to
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132 -ADSORPTION DYNAMICS "~

Agcording 16 Lispis nd Rippin (1976), tho transport of adsorbate’ from: solution to it

“ultimate aﬂsorbed’sm: is constdered o pmwad vm wlo Sequential Toass \:ansfer proccsses :
" The first oumpnses zi.u: fansport of the adserbste fmm the bulk sotution throfigh 8 boundaxy
Tayer’ tiediately ‘sdjacent to the’ adsorbeiit particleé. 1y the emtetior surface G the paticles,

The fate of trunsfet dross'the film being-described by a‘linear Hquid mncbnuaﬁmdnvmg
foroe - expession; - Thé second -fnvolves a combination' of iutraparticle surface md pore
dzﬁ'\lxzom Intraparticle surface diffusion takes-place along the inner walls of the ;crcs, “whilst
mmpmu:): Jporg diffision takes place in the Jquid pba.se down the pores. - Unsiéady-state
"ﬂdlal smiac= ahd pote concentration gradists bcmg the d\:wmg forces, mspecnve\y

The. susface. diffusion model has heen compared with pore diffusion. for the adsorption of
phenol ante sctivated carbon by N.reinieks (1977) und for a number of organics by van Lier

" (1674). These researchers conclude. that both: disfusion isns oecur in parailel and i 71
. -difficalt © separate them, . This means that for adequate modelling they may be lumped into a

singls effective diffusion i The b i icle surface diffiision model
with extermal film transfer is chosen to describe this system.

g

LTI TR

T

e
e W e L




anpns and Rxppm (
of Equancm (2 !*ﬁy .




(2.14)

sz and Schlunder (!974) have used Eq'uanon @1 o snusfacmnly fit experimental data.

wption of pnitophenol and phenol onto activated

B1 order 1o fit Bquation (2.1.1) tu 2 binary adsorpéion system, the 14 parameters (210, a0, 2
&, a21, 42 Byt l;w. by, biz, bz, bay S0, C20), are chosen to minimise the sum of sqyered
ettors besiveen the cxperimenal data and the isotherm predicted data.” As discussed in Section
1.3, the nature of the isotherm relmcnshyp is empmca.l and t.he object nf r.hc isotherm
telationship. in this work i ‘2 obtain an sccura!c malhcma calr;lnbonslup 50. dut u is gpss:ble
to pmcecd with lhe moddlmg of the k:mmcs




of‘ ilibrinim and.

mbc “the expemqemxl

; lhe external and:i mas: fransport
dyna.mxcs As discusied in Secuon 1, ror cuh component. the extemal. thass- tranisfet is
. ct;mcmm by an mmimal Bl wansfer Doeﬁcxeat and intraparticle fmnsport by an
,effcmve surfm thﬁumun oo:fﬁmcnt, 1deally, “as i the case in this study, the eguilitrium
*apdaats pmme.xcrs shoulil be obiained from independent éxperiments arid app” 4 plong with -
"%gpmpmm ofemtianal vasiablés,” % the Sumework of 4 matematical soodel for ihe

Fﬂlcexpu:wd ek istics of an 0B Systemn.

The (éﬂnwing WMM arg mé.dcin obga.inin‘;\g the rate expression:

" The syk;m is 1M ie. ‘heats of adsorption are low in relation 1o the heat
capacities of m@n and solution: R
Equilibrium exis}s between the solid and the liqnid at-at all times ar the particle /
quid inteie | :

each p




@2 -

; where, ™ "Cy ‘isdwwhdadsorbmooucenmonofconiponmu, mgg—l

z . Dsl 36 the effsctive surface diffution to of oot 3, s

5 . '1szheradms. m . ’ s
s ¥y € istme; s

The’bo\mdar}l conditions for this equation are;

Cy =0 @22
acy o - ; .
e 0s =0 i @23
i 3Cy kg 1
,,r; LY 7ol ) = Dy Coio~ Cpi) @248
: ‘where, Cio 1s the bulk liquid adsorbare conicentration of comperent i, mg Il

kg 15 the film wansfer coefficient of component 1, -nt &

9, is the particle density, ke {dry adsorbent) ™ (particle)

£ e i i




by EE R : s :
In aditicr: 1o the'assurnpiions presented in Section 22, the following is nss!nmd dcnvm
the no seady=staie material balande for the {‘acﬂ‘ed adsbrbet:

The Hquid is in plug flow i . ool
: !
meﬁmoflmgmmnﬂdwpmmm gligible. mEvmﬁAbywébu

Lauyi (1980).
The volumetric ﬂowmr, is Wmt as the u&xorbm concenmmcms are oW,




1s‘hehq adsmbnmconnennnmofcompamnatmeparhclethnm

L z usmexongmdml coordinage, m

e | 'isthel column vmdage
S .

Tho boundasy conditions for thig cquatios ate:

00 Gy
T, @ = o




ar i by of the

Us 1 this.case 2re the shiock waves of solution passing
 merely the tajectories of the interfuce between the
as défived in Appendix 4 are:







In- esseace the charactesistics are conditions' uwnder which. the partial diﬁ'mnﬁél eqn;u'onn

becomes s ordinary. differential equation, The ordinary differential tquation may then et
solved i 51 vmhthema ion along the di i ‘wx.uuuuslmk

waves down the discretised column. As swted by Acrivos. (1956), the mc(bod of

characteristics technique is strictly speaking an approximate one, yet it is snagmiurwzrd,

systcmz{ﬁc and capable of producing numerical results of great acctracy, Eqn.mnn (LZ i a
parabolic partal differential equation and is solved numesically wsing the. RAG RTRAN

software library routine DU3PGE si with the
solution to these equations is discussed fully iv Appendix 4.




p Y e
ke s thie filny'tiansfer cosfficient,’ m st .
aisﬂfh‘ecoluﬁn;vd;dggye‘“) : o




L‘de

e;ﬁ;hmﬂﬂpnwwenﬂowfx a&odeshmatﬁoﬁhe

o dhsfslemswhcffM
' A




,,‘u

s&m qu&nmanv:&y pmd

atisfer is used‘ ag descrili'«i m Secnon 2.
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of the expested: istics of an

2y

12 THEORY, + -~ - B

A3 dispussed previously in'Section 2, -the kinétivs are’ miodélled using € binery, vcm of the
honmgweolls sm-face diffusion. model . which*inclidés - both éxternal ﬁhi

iniraparticle sutface diffusion. Ideally, as in this case, the equilibiimm andme pmmems
; shonld be. obwined from independent experiments aiid -applied along - with appmpmns
fiables; - in the ofa tical model for si ion and

system. . In this cage, the simbb

‘Systeny of an infinite bath is used.  The model is prosented, and it's solution discussed in
Section 2.3.

m intraparticls loading profiles of gold and zinc cyanides were measafed mpmmenmly by
lelsy {19%9). nsind & Scanning Blectron Mi {SEM). techni

P

The

wnthnans ‘inder which the Jouding ‘profiles were medsured: were. different. tu those ns-d 1o R

evsluamtlwmodmmz An excess'of 1000 ing per litre of potassium cyamde mdapH flo,p )
W s‘\lsedkor the isotherm studies, . wlulstan cxcecscqncmmn nofzoa it
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By w108
Cifmes]

i 500
0,35

“ o B -
These " suifacé. diffusion -phrameters. are of the same order as those figed fo the binary
solptio) experimental stidies presented in Secrion 5.2, They were adjusted
‘broag with the i loading profiles. The

£2, 3,4 and 6 hours ate presented on Figures 3.5 1019,




relative gold cyanide wm:enn;anon at the pamdc imnﬁce is hngher than that fcvs zing
cﬁ/amde, since ‘the film rmm 'n:oefﬂuent fm‘ gold cyamde is ‘higher thin Ihnt for ziné

pmgresses and the Hguid concenu'anans of bodt species at the pmwk interface ingrédse, the
* isothientn conditions change-and by'rhc nature of the isotherm tlfe zinc loading rises whilst the
gol;i ioading drops at the interface. :‘This means thit the concexmaﬁon'gmdient for gold is
) ; rqvarsed and - gold acmnuy smm ,dxﬁus: ont of the bead. .As significant quantities. of gold
Have iffased towards thc cemer .of the bead, ‘the gold loading passes through a manmum
gnsxde thie resin bead. As. the !nadmg of @nc at the interface alwuys mmasr:& the. zin¢

the bead contipually tise Hnd o not Ve & maxizam.
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Thcre are many facmxs aﬂ'ecnng adsarption thap must be climinated if meaningful estin
Sfer s aré 1o be obtained, -these factors are.

* Thit may.be 4ok, 1o. 4 dhcreass in the mixing efficioncy a5 a rosult of incieased apparent

.viscosity, “or duto physical, bl g Of the pores ont the resin by slimes in the pulp. ‘Eor the ’

ey exp!ﬁwcnm only £lear éqluﬁcns are used,
¢ (ii) N pH: Fleming and Cromberge (1984) have.shown that the pH value of & slution .
“Tanging between 2 and 12, bas,litlé. effect on.cither the zate of loading or the equilibrium

Joadingon: the strong base anion exchange resin JRA 400. Even so the pH of the solutions
wias minzained at 190:: For thesxgailibriucn studies tis was done simply by adjustir, b oH

" -at regular time mturva.ls For the cofumn ssudies the head sclution was made up b+ - [of

100 and the pH of the.« gfflvent was monitored. It was found that the effiuent pH did g 1:"3

WOW 9,5. The yﬂ yaloes of the solutions were atrained by. the addition of small qdmuues‘of
sulphiuric acid and pavassmm hydroxide as required.

- (i) Tonic swrength and free cyanide level: Fleming and Cromberge (1984) hxvc
'shnwn that. for tho msm IRA 400, the ionic.strength of the solution has little effect oit rhe
Howwer, ES fax;ly sxgxnﬁ;m effect on the equilibrium loadin)
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. expmﬁenml condmibns and dam are prwemed'm Appendix 7. i v:odel is solved
" adsption of gﬁemmod/ox Characiciistes. his is desoribed in Appesilix 4 The EORTRAN

‘surface diffusi

’fedm‘







i ""goodesumn!esufbﬁlhnmpl!‘émﬂm










NESS:CONGENT,

IMENSION
p;

s pi

0"

T4

o
e e,

RS e




%&m

0.8

ONLESS COl

g@




i

]
A

. DIMENSIONLESS GONEENTRATION

PEEEN

Y=Y =|oOO -

- TIME (ST

P

Gold Cyanxﬁ= Breakthrough curve, Re = 6,48




‘The 'ied mass tranfer parameters-for the adsorprion of zinc cyahide are préserited in Table

5.2.2 rogether with their corresponding Regnolds nuthibers. - . , :
Table 5.2.7; Fitted Fili Transfer. for Zinc Adsorpi
Reynolds ke 10% D, * 102
Numiber [msdy {m2 -
L - 3
1,49 245 1,64 ;
2,60 3,05 157 '
3,04 3,51 160
5,16 3,99 1,59
648 406 1,62
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where, cci' is the liquid sdsorbate concentration of component ;
¢ . . . Z
i mg et
Cpi is'the liquid adsorbate concentration of componcnt i
at the particle / liquid intetface, mg i
kg dsthe ﬁlm transfer coefficient of component i, : b
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" programs dre presented ift Appendix 6.

@, “Break the surface fnto ﬂné grid as‘s’l’iown on l'fxgux'e A4 l

(2) SnlveEqnauan (A44)ax2 0 (Q.= Cmo’ at the vanwsgndumesforc This is
dong mnng the NAG FORTRAN mﬁwatc lifrry mwpnb DOSPLVF

(3)1, ‘Solve:for the C 's using the nscrherm relationship (Equmon {211y, . Section 2.1) at

the various grid times.

(4)‘ - Using these c i solve Equanon tAJS) along the. cha:aciens sfromZ =0 to Z =
Az’ loubmmthec ‘s for the gdd dmesat Z = AZ, . This is donie ummgthec 'S arg
constant over the integral step, which is & good assumption if the step length is smiall.

() Use thess {55 solve Equiion (A44) st 7 =AZ 1 obain €yt tho vavions i,
{6} 'Repeat steps (4) and (5) untils = 1, ie, Z=L.

Fortran programs weme writlcr: to. solve the. single: and binary ad: ] on, models. These
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o TFhe: li);'gve' relationships have seven parameters each.. Obviously there are many more
‘paratheters than are required to get a good £i 1o’ the experimental data. Fot convenience
: therefore the following parameters are set:

== 10
bio = bui A
by = by : ]

To solve for the-rest of the two. Formm : 3 sitten (o minitiise the sum.
of th.P, squared t'f}'czeuces bctween the mod:l and the, gxpenmenml dam. Thete ‘wete W0
pmgnms wnﬁm as. ﬁ":nopumum ‘paramersrs were required and Ih)e bbmpmcr ‘was unable o
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76 TIND OPTIHUM
. o0F m:‘éxmg mnrﬁ AND &2 m -mx
% AND- smuaNDm 1SOTHE!

FURCT
INTEGER ﬁ NS16, MAXEN; I0PT
. REATL. A(8Y; x(”% /6(9) H(99)
R comon HE xms ) xz(sohn(ua) Y2(603
m

"« sifiriis aussre fon e
% ISOTHERM -PARAMETERS A1,” A2, {.,1

A(1)=SM7'92.1

A(2)=10.

£(3)=1000-
Fltas-

nao

* dPTIHZSATIUN RDUIfNS USED IS ZXMEN
*
CALL ZXHXN (FU'NCT M, NSIG, MAXFN,I0PT,A,H,G,F,W,IER)
2

0640 1-1 N
40 WRITE(L,*) A(Z)
STOP

END
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. imasx L Nsrg,mm( 67T 5.4 ke
?Ax BE8),E(99) ,G(9%, Kead ¥, ¥
éxym xlcsa) ,xg@a) \11(50), ¢

% INITIAL suzssi:s“ma T
*, ISWRH TERSB]. BZ

B(1)=0, 9@53
nci)=a 5094 S

: mm;sxtmn xotmgm 'm 15 204N

CALL ZXHXN (FUNGTN,NSIG’,MAXFN, TUET,B,H,6,F M, IER)

END
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EBB=3% 3784KB(1)¥FR2 T |
IBMY=CAMAYERE) o
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# PFROGRAN TO SOLYE FOR. THE, INTERNAL SURFAGE
+ DIFFUSION AND EXTERNAE FILM. TRANSFER . #
* COEFFICIENTS. FOR' GOLD GOLD. AND- ZING *y
E CYANIDE ADSORPTION ONTO DUOLITE Alé1 * 0

! I

THPLICTT REAL*8 “(A-H,0-%) E %

REAT#E X(50),¥(2,503,CP1{10000) E :
REAL#S cP2 cmooo) CGl(lODDO),LCZ(lOOOD)
AGOMHON DS ,Ds2,R0, RHO, XFILM1, XFIINZ,CC, 1,02

THE R"EQUIRED DATA. IS SPEFIFIED HERE

5 SCRIP(S. 1. AND.2 REFER 10 GOLD AND I
ZING RESPECTIVELY Y

INLET CONCENTRATION (/s
CF10-45.8

£e20=i8.5 " -

CL=CG]0 ”

CFC020

LENGTH OF COLUNN -¢)
XL=22.4E-3

SUPERFICTAL ‘VELOCTTY (4/S)
V=3.799E-3.

CARBON PARTICLE SIZE (M)
RO=0.4625E-3

GOLUMN. VOIDAGE

ETA=0.4655

PARTICLE. nznsmz (RG/M#*3)
RHO=476.0

THE FIZN COSFFICIENT (M/S)
XFIIMI=6.00E-5

XFILM2=3. 2055

DIFFUSTON commrxm‘ AT ZERO CONCENTR-TION (+2/8)

THE. NO.. OF RADIAL POINTS INSIDE THE
RESTN, BEAD TS NX o e

=11
ATFHALS-3. 0*(1-}:1'A)m*xnm1/(v*m)'
‘ALPHAZ=-3 0% (1-ETA)LXF TN/ (V#RO),
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caaa

Do, 2 K=‘1,mmx
'L'm;-(m@@x) i 0)*100 AETART#S/V

TEND, IS THE BmAGTERISTIC oF
THE, PARAPE'ERISEU P

| C1=0ELRY o 5
Jez=cca(x) T
CALL EQNZCTO0,TEND, XY, cpn £PI2)
CM(K)-CPIF
§ SPAER)=CPIZ,

2 CONTINUE

et
THE Sf‘"TION DF Tl'ﬂé KYP’ERBOLIC P.D.E. ALONG THE

CHARA. . IRIST]

DO & I=1,NIIME

cm(r)—cn({)uccm -CP1(T)Y*EXP(ALPHAL# (1. /FTOAT(NBED) )}

 CC2{I)=0P2(1)+(GC2 (13 <CPZ(T) JSEXP(ALPHAZ* (1. /FLOAT(NBED) )} }
NUE : .
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xﬂ *s Akiaoboy ,%¢50) 26z, 50
MMON,'DS1; Dsi 4RO, RHG,XFII.H! K}‘

cm. D(mspmvnzs 4, PDEF, :mny m,m:nn,v,m, .
RELERR ADSERR; TNORI, HONTR THON;. IBAND

)
23, DUXQ) F(2),6(2,2),C(8) v
R‘B,wo,,xrrml xnmz,cc €1,02,N%,

F(2
B2, 17000-

Ep s LG
‘SUBROUTINE" mmmpms UK, famv £,9,8)
IMPLICFTCREALS (A-H,0-%):
REALS UX(2);B(2);002),R (2}

CQIION: DS1, D57, R0, KHO,XFTRAL, XEITNE, GG, C1,62,0K
IFCIBND.EQ. 0) THEN

e
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,Mi“),

END o
o suanourmi Mummzﬁas
f{bmn_t.mn:*um& @
f LT .
ke X303 :06050)
,Qﬂmou nsx,i,nsz,xo,mib F L




mn@gm (A x, -2)

» A”"‘I’)'L IFSBS

S=((;*X(17/(A-B*X(li))*ﬁ1 JAIB
o AKAr(E"szJI(D F‘sz)))*"i /G?H :
L/{L.




‘BROGRAM1H oLV, Fon“mn EXTERNALYE.
% AND: INTERNAL SURFAGE DIFFUSION
& ODEP}‘ICIBNTS
s E R‘VADSORPTR')N“ GO
2P0 %JOI.ITE A161
ﬂn

S;’H-E W 0!-‘ DISCREQZ‘S
§'§




HARACTERISTIC FOR THE PARAH.ET‘RISED
x-nmzmsoﬁ)c 7.0

ARYTICAL ON. TO THE' PARAMETERTSED ©
mgnsonm R COLUMY EQUATION .+ 4

- kBROUTINE }iONZ SOLYES
E, ,RATE hxm:ss N

oi)co) ,E5(30000),
RE; NK(800Q) *x(sn);x'u su:
o Do R £ 14070

b 57 V5
3&? (NPDES, 1; PUEE, AT,
NGRM, HONIR,




T2 R

LSl

G,
%q THPLICIT. mng( (A-H,0-2). " -
Ux(l)ym]xﬂ),?(l),ﬂ(l 1),C(lb\
RO, m;xsm oC

 STRRGUTING nNuY(N?nzs 10&, NG, B
g j%m:m "REAT#S § ’
REAL#§ Ux(l?,i’(l_) Q(J) (1) -
tIzammm xmu.ac.A Gmu;w:
Y

END !
SUBROUTTNE uom(mas,x”ms T msr,u m;mu-r T
¢ THPLICIT REALS, (A-12D-Z]
< REATAB X(5D),U(1,50)

comou DS;R0;RHO, XFIIHM,CO, 4, GAmu Nx’

L SUBRUUA B TSTHRI(CS,CPT)

MPLICTE RSA...*S (A-H,0-2)
REAL*8 GS(1,50)
" COMiON DS,RD,RI{BﬂaizIM ,GC

4 ,cpxsz:su 11}/{A20.
. FECE, S15/CA
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INIET. CONEEmATiﬂil "(s/w:s) .
CC10=100,

C620100.0

CAREON mec'x SIzE (m
R0=0.4525]

‘PARTICLE DENSITY (zs/ms-s)
RHO=476.0 .
7HE. FTIM COEFFIGIENT ®/s)

XFILE(=5 . 0k~5

XFILMP=3. 5E~6

DIFFUSION CORFFICIENT AT ZERQ, CONCENTRATION (md-z/s)
DSF=8.0E-12

DS2=1.5E-312

THE NO. OF RADIAL POINTS INSIDE THE
RBSIN P b IS NK

NE=11
D0 10 I=1,NX
Y@, I)— .0

pith
er)=sm(1 570798334 {(1-1.)/ (NE-1.)))*RO
10 CONTINUZ -
xu)-1 E-13

Tﬂl’):‘z 0*3600, g
CAIL BQNZ(TD,TEND X,Y)
DO 32 I=1,NX
WR"TB(I VHOX(I3/0.46258-3,¥(1,1)%0.5,¥(2;1)
32 CONT:

P

SUBROUTINE EQNZ(TO,TEND,4,Y)
IMPLICTT REAL¥*B (A-H,D-<Z)

EXTERNAL PDEF, BNDY;HONTR,
REAT#8 Tm(mooo)‘”' i
REAL*8' WK(8000);X(50),¥(2,50)
comm /817,181 asz,no RO, XFITH
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INORM=]
IMON=0
“THAND=3
TWE=8000
D=0
M=2
IFATL=0
GALE DO3PGF(NPDES,, u,ppxr BNDY, 0, TEND, ¥, U,

1'NK,X,RELERR, ABSERR , TNORM,¥ONTR, THON, IBAND,
2 ViE, IVK, IND, TPATL) Iz

END .

‘SUBROYT1.] PDEF(NPDES, X,T,UX,DUX,F,G,C)

IMPLICIT REAL#g (A-K,0-Z]

REAL*S UX€2),DUX(2),7(2),6(2,2),0(2)

UdHHUN /B1/ DS1,DS2,R0,RH0, XFILM) , XFIIN2,6610,C020,NK °

6{2,2)=DS2
RETURN

END

SUBROUTTINE BNDY (NPDES,T,US, IBND,P,Q,R)

JMPLICIT REAL*8 (A-H,0-2)

REAL#8. UX(2),P(23,4(2),R(2)

COMMON /B1/ D51,DS2,R0,RHO,XFTIM1,XFILM2 ,CC10,CC20,NX
IF(IBND .EQ.0)THEN

CALL FON(UX,AUCPI,ZNCPI)

R(1)=XFILH1#(CC10-AUCPT)/ (RHODS1)

R(2)=XFIINZ* (CG20-ZHCPT)/ (RHO*DS2)
IF N

RETURN'
END-

T HONTR (NPT msﬂ,:msr 0,10, 007 sy
SHpLACET pektng wro

KL#8. X (50,1 ) -

MSON 1/B1¢. D51} o 2,R0,RHO




- EPS=(C*X(1}/ (A-B*Xm))’**l /ALP

ARA=(EAX(2)/ (D-F*X(2)))#41. /GAM

X2=(AKASEPS**{OEL/QAM) Y (1, / (1. ~BET*DEL/ (ALPGAN)) )
Y

PS*(X))"‘“(BETIALP
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