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Oontrifrutit)n to the possibility of graphie-nul]leri('ill
(lxpression of hydrogrrnatod filts' soletrtivity bt' !n('illi

of il 6'{,omplox valttett methotl

ui(rt,.4,v ltol{A\

Srrrnrn:rry. Ntru' s'rivs oI'dt't.crrniuing selcciivity l)ili'irLn('tcl o1'tlrc ht'tl'ogcrrer-
tion r:ntrrlyst or ir-vrlrogena.torl t'riacylgly(r('rols \Tas stuclied. frr oontrast to tht' rrllc.t:-

dy lirrou-n metirotls, in t,lris nc,u. approtch the sccoudary-isornelizing tvpe ol liycho-
gcrratiorr rrra,cf,ion rvith lhc lrossibilii'1' ot'being cxprcssett as ''crunulitted cornpler
s('lcctilit.\"' (CCS) is simirlt;rrrcotrslv ttrli<rn into accortrit bcsiclcs thc prinrtrr'v-arlditi-
\'o tyl)c. 'Ihe sta,r'tirrg lroirrt fbr thc tlctrrlminatiorr of OCS rr,r'e simple integer classi-
ficutiorrs oi i5 erlrridistance vrrlttos irrto which r':1ngc's ale divi<lecl ol'specific leirctiol
l.atcs ol irrtlividrral unsaturuted fatty a,cids. ll'lris tlso J'aciiitrrtes ntunerica,l ilntl
graphical exprc'ssinrr of CCS. An trd:rpttr,ble polvgonal syst'em ctrpablc to explcss all
kincls of plrrut oils or partial ca,talyt'ic hvdrogonrrtiorr rtaction rnodels *'ith
rninimrun thlcc tlnd naxirnurn sixtcerr lttt'e corrstalts, thrrt can Lre rtl;pliect irr thcr

cirsc of rnathcmrr,tical cxprcssion of isomcrizing and also non-sulrsccluent-patall'l
hydrogcnation tlirnsforrn:ttiorrs of intlir-i<ltral {atty acids, is used fot' t r-elv clcitr
ur:lphic interprettltiou o1' UCS. lt'ho C(lS exprcssed graphicallv cir,n be crrrctlv
quarrtifit'd as pt-rcont,ual rat,io of a,r'cil (circurnfercnt:c) o{ the original polvgorr
(thcorttictrl CCS) to the arc:t (t:ircutnfcrettcc) o1'tho obtirinctl poll'gou.

lrr t,ho irxlustritil I)i'o(hl(:t,i(,n t,f'r:diJ.rlt, c'ils I'l".icli i'ilptost:rlt ittt ittst'lr:rt',tlr1t'

lii'rt't, ()f. {.vcrv(l:Jiv iirtttran n()ilri}ihlnclr.t, t.hc ploccr-ss of prrrtiiLl catt,lr-1.it- irr-, lr' ,-

gtrnil'iiou (llO.FI) .is i,lit' rkr<;isir-r, {iic;tor- as filt'ris both the aspscrt of caPi:t'iit' ,L,r,i

th<r iispercb of final l')to(hrct, r'('sultirlg J)r'opeirties (chenrical, phr-s;ic::rl tiirrr. l-rir,L,-

gic:il) a.r:tr con(;3r'll()(1. Tire li'sult'ing l':epr'or,(!ntatirln of tlansfoi'itr.i.tiu1rs'. t' ,;i,li-
vidurl unsi',t'ul:irtrcd firi;tv ticitls (tlnFA) as wcll as of geolrtet,i'ic lr'rtrr-:--i.i,illrls
('l'[) is clepcndtrn'r, first rif all u1)on t,irrr liincl of tilc crrtiillst. i]rld then r.iJ)r]11 tl)r'
rrondition r,f it's application. 'I'he apirlicrrriion oolxlitions c,a11 1,i.' ,rl.'ntitircl rviilr
t,lrtr tcchnol()gior,l-opolirting ctxrdit,ions of PCTI in pi'incilrlr': t'ir'. 1i11111q tt'nt1't'-
lill'ln c, llr('ssrrre, ntiXirt! t,ffit;ic'trc5-, (;irt,al\-st colltr('rltliiti()11. Ilrrii.\- iuicl (ll1iul-

Assoc. Prof. Ing. Vticlav Korna.rr. l)1fjr:., Dtpartrucnt o1 'I'echnological )Iicrobiology
and Biochemistrr-, Facrrltl'o{ (-hcrnical l[i.'t]rrroloev. Slor-rk Tec]rnicrrl l-niversity, Jtinska
l, 812 37 Bratislar-a.
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iii\. ,,1' hvcllogr,lr-. lrlt:-r'cfinitig r'fficie,ncy, inhibitor, 11trr,,ntit.y, rt'tlctor tt-ilt'. r:tc.
'flrr. itrtertlcpcndcncr,s of tht,st, ooirrlit,ions, thcir cff'.rct ori tlie rvlxilc pi'oci,ss of
]'('H :rntl also t]re orrtiil.l's1 rosporlsc ilrc g]ivcn in rvollis [-5 l.'l-he clc'penrl,..ncr,

,,f PCH l'rrte upol tetnpt:r';itrtre, prossurc, rnixing efficiency ziutl cattrlvst con-
r'r'nt'riliirln rvus expr'osscd bt'tlldib [61.'Ihe rnatix.rrnt,ticrr.l mo<lol fcll ntirhing
tlro rnr;st effrrctive us? of tlrt.'rvhole cornplox of P(,'H inrlustliril procesir oper.it-
irrg contlitions s-it'h 1'ps1lssf to tht si'lected rntilting lxrint, ol thc iorlile r-rrltrc o{'

thr' finrrl procluct is given in tho rvorl<s [7, 81.

l-rr;n'r thc a,spect o{ t,he ca,trr,lyst itrrcl{'its basic piii:irnretcrs: irctivi'.r-, selt,ctivi-
tl and TI {blrnrrtir)ll ir,rc tlt'cisi.,-t'. ti,rllttidLrcibil;t.r- rln<l exrt(:t,n('s:r of <;iltalr':ri
rrr;tivit.r'dltr,rnrinaticm 1l'ricccclerl frt,nr tlre crylrr,ssion b1'means of iilto nri'lt,ing
tt'rrrpci'i..trrri'r-nlrrt [9], tlirotruh 1,he crrnsrrmption of H" [0lto sinrltlir..r'nictlrorls
lr)' nrcans of tr'fi'rlctir.e ittrlt'X IiI I oL v*hi{'s clrssificd bv crrlculatiou f l2l,
cr.on'r.utrll,\. functional cley.lirntlencr. ol'r,ctivit.1' nnd absolute tempeli-;ture rer:iprti-
(irrl lri'{.luo [13]. 1'] (]onter]t' ctn bc invt,stigr."t,<'<l ll.r,' i,-i<,r.ris of absttrption band
size (975 cm-1) tttr.d t,xlrrt,sstcl b1' ,rlttrlic:itiqrn ti{'sirectiettretr'). i1 ihc IR z6ntt
of'r'ridi:r,t'irin It-11 : nror'<; quiclill- f llcl sinrpl.)'b"r'crlcul:riioll using rl,-'r'ivccl empi-
t'irt eqtta,tions, or by sirnplc rt'rr.ding ft'orn i;alblcs tltitL ciln brr pi'e1ir'"rt'tl {br cilt,tr
rt:t:ct,or b). trbtrlrting tho obtiiir-urtl olnl)ilic i'qLrl'rions [5, l6l.

At ploseni the soleci,ivili.\' i)rrr.'rlrn()t01' oni'o{'rlrt most, impol'ti.r.irt irr rcirrtiorr
to crita,lt'st, propeltios a,ncl hlrclcnetl prodrrci' proplrrtios - is considcrcd in lbur
lrossibilitics of exprcssion: pt'inia.r'1'-ir,tltlitivc s,.'lec:tir.it)' II7], ervcnttrrtll;' st,lct;-
tii'it1 I ol lir !l: secolxliu'\'-isomc+r'izing sc,lectii it.,v ll7, l8l, cvirnturrlly spocific
isomrrizatir)lt. i.{}. the friuction Tl turd clinrina,tocl <lqrrrbi,.. boncls l t l; isonrei'izing
indcx (,xpr()ssocl b.)- tlto frrt,ct,ion Tl folrnrr,tion lrlt,t' ilnd hvcli'r)g(\nirtion rirtr,

ll9];rind finlll1. t'|xr s1,-q;1|lpll tli'lcvlglycerol sek,ctivit.r' flIconcelrning thc fi-rr-
rniltion of trisrrt,ui'irtecl tri:lc.f iglvcelol lnol()cn[(]s.

The teclrniquos of sL)lociirrity deterrninii,tion tluri art, r)rorr) sophislicatcd than,
('.g. a,otivit)'<let'ermin:r't'ion, proceucling from difference clt'ti:rrr.rinir,ti,n of melt-
ing rlnd sctting points (diffcrcnce nrlrnbor:) [20] throiigh the trinnguliir intcr-
lllrrta,tion of Ir'A tornary svstcm, if tlrr: rrrost unsirt,uri;,t,cd rr,ci([ is thcr diene linc,lcic
rrtrid [21]. A b'.'o:r.d utilizi,tion of tlr,-r tli;r,ngrrltlr rnetliocl of selcctivit]: cletermi-
rrition is dcsclibcd by Poliorny [231. Morc exrrct possibilit,ios of PCH selcctivil,y
<'xpression iiro obt'ainecl by ca,lcrLlr.r,tions of specific rcrrr,ctiort ratcrs of pertinent
["A. Sirnplo relations for t]re cleternrination of linolenic and linolcic :rcid selerc-

tir-iiics, if tl'rc,ir starting tr,nd fintr,l concentrations are linown, rlre derivecl by
Riesz i221. A set of diaglams for reuding the solcctivity tit,ios on oils not con-
, 
'rinins linolenic acicl rvas el*boratcd b.y Aibright [24'], and fcrr oils with linolenic

'.,:ir1 b1' Allcn [25] a,ncl Schmiclt [26]. Diagriinrs fcrr lr'1111i1g thr: selectivity ra-
:ir-,s f,rt'srnrflorvel oils and rapc oils rvith u, lrigh and low contents of erucic aciri
ii-':r,. r.lrr l)rrl trted bv Koman U5, 271. Only pilltiu,[ se]cctivii;y ratios S* in planl,
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oils with trienes tr,nd S' in plant oils without trienes can be cletet'ntinod b.y rneans

o{ the clia,grams rnt,'ntioned. In thc sphere of solving cii,tirll'st ar-rd PC'H trirrc.yl-
gl)tcelol sclectivities t,ho neccsstr,ry compllter engineeting wirs intloduced by
Flutterfielcl, who fi.rst ustd iur i)niilog computer [28], and ltr,ter a digital colnpu-
1,r.r rvith elaboratecl pr'ogrammc's CATSEL arl DRATE 129, 301. The sttrrting
points fcrr: seleciivitv cleterrnintr,tiou by czrlculation using the so-cirlle'cl selec;tir,-ity

ln,tios Srr, Srr, and S' arc in fzr,ct rtr,tios of individurr,l tate corlstants k",l;.,, krfkr,
/.:.rikr, ensrring froln the mathematical dcscr:iption <;,f irreversible react'ions ki-
ne.tics of follos'ing trnnsf<rrmations: 1' 3 n 3 M I S proposed br- Brrilr' l:30]
('l- 

- 
trit+ncs, D - dienes, l\'[ -- monoenes, S - sr.t,utatcs, l. 2. 3 rate con-

:;t,irnts (RC) (spocific rea'ctiott I'rttr:) ).

Thc presente<l reircti:'-in n'todel clocs not considcl either the for:mation of lrosi-
t'ionill or slrrrii.r-l isomgr's. A soluti<-rn of these pi'oblems was outliued b.r' Hi,shi-
rirot,o rr,pltlving Miriqunr'fltr's tnst,hod of lea,st squar'os ll32'1. llore genertil rel;rtions
filr the str-rdv tif tri:nsftrrrnations of gc,rmetr:ic isotrtcrs in tlienes irnd nronoenes

in the j)rocess of P(jFI were clot'ir,'cd by Aibright [9]: irn extendcd pt'ogrammt,
(IATSEL c.nabling ii simultanoous dete!'minrition of ratc constiints of erucic:

rr.cid and cil<osenic ucid of nl,pe oils with l high tlnd low cont'ents of emcic rrcitl
iLS w(rll ag r;i.s- irn.d ,rozrs-isonlol's of ntonoene frttty acids rvas presented by Ko-
rrrern [33 1. One of OATSEL programlne versiolls wir,s supplemented with selerc-

tivity tcstiirg possibilit5r. Hithcrto prersented selectivitv rangcs: S.o to 25, Sz1

t,o 50 and S' to 100 were divided into fi1'e equidistrlnces that were a,ddecl one
of fir.r'numericill rr,nd alpha,betic classificntions: c.'xcellent (5), r'ery good (a).

uood (3), sa,tisfactory (2) a,nd unsatisfactor:y (l) sclectivities of cat:rlr-st. er.t'n-
trrir,lh- o1' hardcnecl ftr,t [3a].

All mentioncd techniques o{'catalyst sc,lectivity determination or of hydroge-
na.tecl fir,t mrrkc it possible to caplc'ss only thc primarv additive type of selec-

tivitv. A urethod to etrpress simtrltaneously bo',h the primary-additive and tirc
secondary-isomelizing selectivitv. which would make it possible to cvaluate
also the cunlulat{,. shtr.re cif cis- and tran.s-isomers in properties of both the
ha,rdened produc.b and tho a,pplied ca'ta,lyst -- by mo&ns of a complex \-zrlurl

or in nunrerical or graphical interpretations --- has been rnissing till ncl*- and
l.rence became sutriect rnrr.ttcr of this wolk.

Experimcntal part

Entployed, sam,ples a'nd 'materials. Samples of prc-lefined plant oiis of sunflower
soya bea,n und rape with a high content of emcie rrcid tr,nd rape with low oon-

tont of erucic acid were usetl.



\i catulvst made b.v Notth-Bohominn l-:rt lnotustrr- Plants, Usti nlrl f,irburr
,.n<l uith l 3.9 wt o/n of' Ni, specified in l complt x nretric 'wirr'. and an irnpoltt.tl
r'.ri.trlt'st Nvsel DM-ll ma,do bv }larshau'a,nd containing 24.9 rv1, o.,l <l{'Ni u'olr,
rtst'tl its h.1'c1t'.r*"ttooion catii.l.r'sts. Tht weighe<l ])ortiorls u'ele nracle fil;nr thern
in srit,h il. wa.\'t'hat, altt'r crlrvc'rsion ther- contrrinccl 0.t)2. 0.oi anrl o.2 g rif llrrr':'
Ni.

Hyd.rol1en.atiort utn,tliti,otzs. [,irborir.t,<lr.r- h)'<h'ogeuirt'i<ltr of s*rnplt's lrrrrn tlrt'
givtrn lrlalrt' rrils wits performe<l in ii reactol rlncl unrlel crotr<titions 1rrr.'sclibr.rljn t'he stln<la.rd ON No.58 (tl02. \4,'ithdlarving cif sarnples folkrrl'c<l ilfl'r'r'
60 ntin in selecte<l t'irnc interlals. Sa.rnples hvch'ogt'natecl industriallv u'cr',.,

withdtau'n direrctlr- {ionr tho antocla.ve (mridc b.\. n.r,. Prr,lrnu) irncl ther. wt.i',,
h.vclrogonntcrl rtndtrr prcst;ribccl conditions a,s f<illol's: hvch'ogeuirttd oil r.olrr-
n'le .-- 50()0 [, clectrol.vt'icr h1'<h'r:gen flou. <lrrarntit]. --- 25t) to ll50 r.rr3. r'e'r.olvir.rg
frcquencr'- 146 s-1, catitlr-r;t qtrant,it'.1'- l5 kg of tho frtsh;inrl r-irliirbli'
11r.ra,nt'itr. <;f tho ttscd cat,alvst, hvdroge.u srrpplr. sttrlt iit tlrt' tt'nrlleliitrrrrr
'r-rf l20"Ll, h.ydrogenation temperriiturrr -- 145 to l90oC, lrt.dlrg<,11 [)r(.sr{ill'e.--
0.02to0.05tr{Pa,herr,tingst,s11.p1 l)ressllr'(r-(it'o(i.5r\fPrl .st,can.r ternprrlut,trre..-
250 to 350'C.

Condi.tions of Jutty acid r:.h,romatograpltic ana,l,ysis. Ii,esearch (liis (llrlonrir,to-

graph Hr.u.'let,t-Packarcl rnodel 7620 A n'it,h fltime ionizir.tion dr.tt,ctrlr tnrl
fully a,utornaterl Report'ing l.ntoglrrtor rnoclel:1380 A rvrts trsecl . A sl,iiinlcssr

t-olumn of tho length o{' 200 r;nr r,.nr{ inncr <iianreter 0.2 cm rvith (lelite A\\-
DMCS lritciking wertted \vith 20?/o DEGJ rvi'"s use<l for GLO an:rlvses. ^\ittogr,n
flow ir,s rn<ibile phaso wi',s 47 ml/min, column space tomp(,rilt,ir!'r: lfX)'(', t'etti
s;race t,emperrlture 250"C antl fltmc ioniztrt,ion deter;f,61' {:1i1.111ys1'r.tulr' 250"(1.

Qrrant'ities of I g.l of 20o,/n cyclohtx,inc solut,ion of IrA rnethrrl csters lllepir.t't.rl
rit:cording to Peisker: l35l were charged.

(,1ond,ition,s for tlrc t:u,lc,rtlatiort, of ,fatty acid, speci,f.c re.a.c.ti,ott, rrtte.s. A c;orrrlrirtin:r^
'{)r'()grantrno u'ith the oircrilting name CATSEL [33] <'nabling the cornprrtirtiou
t;f l::rtc constiilnts ancl selectivity r:at,icrs S* to Sr, 'n-irs i'mplor.ed. Sta,r'ting *ntl
fina,l cortcc.ntru,tions of FA hvtlrc'geneite<l str,n.rples rrfter C]LC iinalr.sis rvc.r'r' rrst'rl
ris input' tlat,a. Approxirna,tely 200 samples u/ere) processect b]' computatiorr
rrnrlel diffirrent conrlitions oJ' hvdrogenated srr,mples usiltg ilut,ourilti(' digitrrl
l:ornputer Siemens 4004/150. 'Iitc most, probable rat,e constant, l:rulgos o{ incli-
;iduirl l'A rverc identifir,cl rvith their statistic ntean r.alues. llhe obtititrr.tl rtit,t,
r'clnstirrtt ranges, a.fter clivision into 5 equidista,nces, .qitve intervtr,ls exlrress,:tl
l s intcger cla,ssifictrtion valnes tif point's in the range fi'om l to 5 thus expnrssing
'nsatisfactory to excellent srdectivit;'.

C'onditiorts of CCS graphit: irtterpretatioz. In tr, circle u'it,h ladiuri 5 cur ir 1ro-
j-\'{on \r'ith the nrimber of apexcs equal t,o the number of conlputed lilt,o r:on-

-iirnis is <,oIrst'r'nctetl. f'ht connecting lines of a,pexes v-ith circles (:elltLe art'
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the "a" and "b" legs of triangles and at the same time the carriers of classifietl
point values obtained according to the previous condition. The connecting
lines of point values in the sides "a" and "b" form "c" lt:gs of obtainecl trian-
gles then, and "c" iegs of all triangles of the selected polygon form it,. circum-
ference expressed quantitatively as the percentage of the originrl polygon
circumference that represents f 00o/o or a theoretical value of CCS. The qua,nt'i-

tative numerica,l expression of CCS is obtained frorn the graphicrri poh'goru.l
configurations:

l. from the rzr,tio of the nrlmber of maximum attainable ciassifying yrrlues

r.,nd actually obtainerf values;
2. from the ratio of original polygon circuinferences (CCS theoieiicr:i ..-:Lluei

rr,nil actually obtained polygon circumference (CCS studied value);
i]. frorn the ratio of the originrl polygon i'.reas (CCS theoretical value) a,nci

the actual nrea (CCS studied yp,h'.e,).

Contli,tiorzs for preparati,on of auriliary tables. An autiliary table is macle for
simplified computation of "c" krgs of trianslos to interpret selected polygoir
CCS. To this end the lerngths of "rL" &tld "b" legs ar'.'' stimulated in thr: langei
of I to 5 cm. As two logs, radius and central a,ngle aro hnown, corrcsponding
"c" legs are computecl by means of programmable calculator TI-58, its sof'uware
contained in the ba,sic programme module Master Libri'"ry, Module-I, nameh-
progra.nlrne ML-f3; fcrr Lhe ccrnpuir"tion of bhe leg and artc,:i cf the triangle if
the central angle and r:idius of the circumcircle l,Le knov.n, or 1\,IL-2: for th',-

r;omrrutation of the arr:a, of the triangle if the angle a,nd t'w'o legs are linorrir.
r:r ML-tl: for the computation of the leg L:ngth if the anglt-. and tu'o l,:gs irre
i-nown [36].

Tiesnlts anil diseussion

The rzr,nges of mean values of riltc constanis of individual FA samples hvclro-
gcnated under difforeni rc:lction conclir,ions computed by mciuns of the cotlirut-
ing pr:ogrr.n:rm.r CATSEL wore: 0.0 to 4.0/b for trienes, 0.0 io 2.0ili fc,r' cli:nes,
0.0to 0.f/h fbr monocnes, 0.0 to 2.0|h f,.;r TI, and 0.0 to I.0/h fol ci.s-isolneis.
Their vahrcs:r,fter the divisic;n into 5 cquidisirnt iniervals irs n'. ll r'Ls the cor-
responding point classifications are given in Tr,blo l. A clcirl eri,ntple for CCS

graphic interprettr,tion for thc mosl; simplo mocit'l of reirctir,rtr sehi'tnr: is .-.hown

in X'ig. la; in Fig. fb N[ey arc given for thc mo.q'r intricate moclel of leaction
scheme, showing the forma,tioD of cis- a,ncl trons-isonri,rs i',s wcll as non-sub-
sequent-parallel transformations of indr-,'idu:rl FA in 'c'he conrse of the PCH

Iliocess (area in the thick frr,m.; leprcsonts CCS rtrri value, alea in the tliin fra-
me - theoretical - 100% CCS).
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Tablo I' Equidistaaco ranges ofintorvals of fatty acidg rato constants with correaponding in-
teger point classifications that a,ro considorod a basis for graphical and numoricaf inbrp-reta-

tions of selectiwity complox values (CCS)

Trienos
(kJ Diones (kr)

Equidis-

cBK++l !?lce.s
I ol tne rn- CBI'

or-rsomera (kc) | 
o"-;;'*""

Rato constante

Monoenes (kr)

Equidis-
tances of
the inter-

vsl

0.0-0.8
0.8-I.6
t.6-2.4
2.4-3.2
3.2-4.0

I I O.0-O.4
2 I 0.4-0.8

terva,l

3 I 0.8-r.24 I r.2-r.6
6 I r.6-2.0

r | 0.0.-0.3
2 | 0.03-.0.06
3 | 0.06-0.09
4 I 0.09-0.12
5 I 0.12-0.16

0.0-0.2
0.2-0.4
0.,4f-0.0
o.6-0.8
o.8-l.o

0.0-0.4
0.4-0.8
0.8-1.2
r.2-1.6
1.6-2.0

Equidistan- |

coe of the |CBK++
interval 

I

Equidis-l lEquidis-l
lf,]:::J": lcnr**l lff::il: lcBr(varllvarl

5
4
3
2
I

I
o

3
4
5

I
q

t
1
5

r4o LnLs

F i g. l. Polygonal diagrams for the possibility of a graphical depiction of selectivity com-
plex values (CCS) of hydrogenated triacylglyoerols. a 

- 
Depiction of tho simplest roac-

t'ion soquence expressible in a triangular diagram. b 
- 

Dopiction of the most intricate
reaction schemo of hydrogenation, showing both isomerizing and non-subsequent (trra-
rallel) transformations of fatty acids oxpressible in a 16-angular diagram. D 

- 
diones,

Ds - dienes c'is-, Mo - monoenes cis-, M - monoenos, D1 - diones dranns-, Mtr - monoorre6
lrons-con-figuration, S - 

saturates, Numbers givon in roaction sequenees are rato oon-
stants of tho pertinent fatty acids. Numbers insido the polygons are integer point classi-
deaiions of equidistances according to Table l. Numbors in tho apexes of polygonal

diagra-s again express tho portinent rato constant of tho chosen reaction Bcheme.
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e:rr€sponding in-
=.e::cal iuterpreta- An example of a real graphic depiction of samplo CCS in time dependence of

sunflower oil hydrogenated industrially, expressed according to the ertended
scheme of the reaction mod"el [33], when the selected polygon was a quadrangle,
is shown in Fig. 2. A graphic representation of CCS of rape oil hydrogenatecl
both industrially with a commercial catalyst and in laboratory with an impor-
ted Nysel DM-3 catalyst, expressed according to the ex,tended reaction scheme

[33] and interpretecl by means of a pentagonal diagram, is given in Fig. 3.

Fig. 2. Selectivity complex values and their changes due to time dependence of hydroge-
nated sunflorver oil, expressed by a quadrangiilar diagrarir. Tirne characterist,ics of hydro-
genated samples and quantitative lelations correspondiirg to the generated configurations

are gir-en in Tables 2 and 4.

,ro*.Iro-u"" 
I(kt) I-___-.--l

Equid.is- I I

;f ;fi"'":l"u**-l
'arll

-___-l-|,-,.,--0.4 I I I

':,{-0.sI 2I
':'.5-I.2 I t I

I.2-1.6 I r I
l.,i-2.0 I 5 

Irl
cK

K ,112 fri

K1Ky

--.:etivity com-
:* sirnplest reac-
* rost intricate
:-:':.secluent (pa-
c.. D 

- dionos,
.\f, - monoonos
,: are rato con-
€:I point' classi-
;- of polygonal
r:on schemo.

't1
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116

1-rg. 3. Selectivity cornplox valuos and their changes due to time dependence ofhydroge-
nated rape oil, expressed by a pentagonal diagram. Time characteristics ofhydrogenated
salnples and quantitative relations corresponding to the generated ccnfigurations are

given in Tables 2 and 4.

hl the figures we can see that the comrecting lincs cf qrirrlifierl point values cf
t'i,ctuil,lly measured rate constarl.ts form a polygonal configulr.tion, which already
frorn the qualitative aspect makes it evident that the smaller and more irregu-
l:i,r it is in comparison with the original onc the sm:-rller and more diffi:rentia'i,ed
witrl be'Lhe CCS rraluo. Additional r,uxiliary tribles for. a simpiifii d doterrninaticn
of ''o" Iegs in quadrangular, pen.tri,goni."l ir,nd hr,x, gon'-rl dit grarns are given in
Ttlble 2. CATSEl,-progra,mme computed rralucs r'f sprc;fic roaction rates of
inclividual FA of selected samples of hydrogenirterd s11nflow€)r and ra,pe oils,
rrntl tl-reir corr':sponding point classification according io spr:cifiod conclitions of
in.,t',ivc.l eqtridistrnccs ftom Tuble 2, are snrnmarized il Table 3. Quantitatir,-o
(:xilression of CCS is possible using the given grriphic configurations in the
.lir'ee u-ays as follows:

l. the sum of maximum theoretical point values of indiviclual X'A is consi-
r-telr:d a 100% CCS: its ratio to ihe sum of acbniil poin+, vzr.lues is the searched
i',,,i' percentual CCS .ralue;

' . bv ru.'ir ns of tho relation : % CCS : a .l02 lO (O 
- the circumference of the

,, I ;-illuli]- chosen polygon) ;

;:



Time
PCH
Imin]

r07
# 108
o lo9
b rro
E rrr
E 112

f,trc
88a

Hgbo l14
&rrs
fi rro

0.9r3
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0.920

r.s88
0. r69
0.636
0.649
o.638
0.532
0.500
o.744

0.893
0.835
0.655
0.718

1.687
r.900
0.325
0.r88
0.099
0.082
0.075
0.730

r.4'i6
0.118
0.128
0.148

;{,1..{il
7-1.i' S

64.1 S

58.:9
60.:{
5S.74
.lS. i *
56.:4

91.,.)l
71.4r
63.6+
5 3. f,):i

5i. t':l
5ii.1l j
;j.rt;j
:': i,l

2
o

2
I
2
2
2

5
5
4
5
5
5

I
4
4
4

4

5
t
I
2

o
2
2
2

I
q

q

5
5

4
4

:l
4
n

4

SS. sS
60.45
60.2S
5[].3 {l

:,-a ,:f hydrogo-
:;y.-drogenated
i,r:rrtions a,re

.-r.: rillltes cf
;:':c.h rr,lready
:--,,r.,-, it1egu-

::i-.r"ntiai,ed
.::: liina,tiCn
. :.:'. given iu
:-.-l lates of
-,1 r'.rpc oils,
-' r.,.li'uions of
Q:;. :ntiiati-i-e

':-,-,ns in the

F-\ is consi-
:;-'. scu-r,rched

::,-'IlCe Of the

o
4

t
I
4

2
I

2
I

I
I

7.071I
6.403r
5.8309
5.3852
5.0990
5.6568
5.0000
4.4721
4.r23r
4.2426
3.6056
3. r 622
2.8284
1.2360
1.4142

12.500
r0.000
7.500
5.000
2.500
8.000
6.000
4.000
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Tatrle 2. Specific reaciion rates of FA in hydrogenated sunflower and rapo oils, integor clagsifiea-
tion valuos and corrosponding soleotivity complox valuos aecording to Tablo I

5.r88
0.6r5
0.787
0.882

a 
- 

Laboratory hy&ogenation with comrnercial Ni catalyst.
b 

- 
Laboratory hydrogenation with Nysel DM-3 catalyst.

'Iablo ll. Auxiliarytablo valuog for reading tho "c"logs or areasof trianglos onabling the cai,:11r..
tions of selectivity complex values in polygonal diagrams

5
6
5
5
5
4
4
4
4

3
t
2
I

Sam-
plo
No.

15
t8{l
t7()
r60

Spociffc reaciion rates of Unn'A
0/h)

k3lo,lu,lr"lo'
Rate constant, ln"rt oointlReai noir

class. val' 
i^"91-"-"r l-vatirosI YoruEs 

I

& lt,-]t." El 9"ct's {I) e;c(rN

I 'olI ('ol
I 90 1I rgol

r50 I

190 I

Inapentagon I frahosasur''
," i"g--f A"* I %" t"g l{*-
t"-flt"-,fit"-flt.".,l

5.9131
5.3826
4.9979
4.7941
4.795L
4.7305
4.2169
3.8973
3.8203
3.6479
3.0646
2.8628
2.3652
1.9486
r. r 826

3. by means of the relation: % CCS : P. 102/Po n (P - the area of the actual-
ly obtained polygon, Po - the area of the original polsgon, n - three- to sex-
teen-sided polygon).

In the ca,se of sunflower and rape oils, hydlogenated. under different condi-
tions and rvith different catalysts, the CCS values, graphically erpressecl in



Samplo No. gum
valueg

(l)

Sreg
valuog
(3)

Moan
values

87.17
66.69
66.21
5r.91

2--l

o
ir
oq
H5o

107
r08
r09
rl0
tl1
t\2
r13
88e

77.40
74.08
64.18
58.29
00.24
5A.74
58.74
56.24

91.91
71.41
63.64
53.03
63.O3
53.03
53.03
53.03

2.4
9.08
4.18
3.29
5.24
3.74
3.74
t.24

6.51
2.67
0.54
6.26
7.3r
5.71
5.7t
3.2r

75.O
65.0
60.0
55.0
55.0
56.0
55.0
56.0

9b
l14
115
116

80.0
56.0
56.0
56.t)

88.88
60.46
60.28
50.36

92.62
60.61
49.36
49,38

8.88
4.46
4.28
5.64

3.74
9.84

10.92
r0.98

6.25
9.99
t66.0yo

Table 4. Comparison of quantitat'ive data of selectivity complox valuss calculatod by meanr
of sum values of qualifications or circumforential and area relations of selectod polygone

% CCS calculated by
Differonces [!d]

81.44
70. r6
82.61
65.44
66.r0
56.60
66.60
64.76

a : 4.68
I : 4.95
oc: 105.8%

a 
- 

I{ydrogenatod 30 min with commercial Ni cataly'st in laboratory. b 
- 

Ilydrogenated 45 min
with Nysel DM-3 catalyst in la,boratory. c - rno&n values of differonce, I - 

relovant deviotions,
oa 

- va.riation coefficients.

Figs. 2 ancl 3, are numericaliy e4pressed and compared in Table 4. X'rom the
table it is clearly seen that' CCS values reflect most sensitively computations
made according to Nfethod 2, namely those obtained from proportionate, oir-
cumferential theoretical and actual selectivity values. These acquire the char-
:rcter of mean, most probable CCS values as far as sum and 8,rea possibilities
of CCS quantification are corlcerned. Besides this, from the data in Table 4 it
follows that the CCS values decrease in the cotrrse of PCI{, further, that CCS
of sunflower oil hydrogenated 30 min under laboratory cond.itions reaches the
sa,me value as when h1'drogenated for 3.5 h under industrial conditions (i.e.
when hydrogenation had finished), that the industrial hydrogenation ofsunflo-
rver shows higher CCS values (by l0o/" approximately) than that of rape oil,
and that the highest CCS has been obtained with the catalyst Nysel DM-3
in the case of laboratory hydrogenation after 45 min though it was rape oil.
Advantages of the described CCS expression compared with those referred t<r

in literature till now are as follows:
l. permanent and common recording of both the primary-additive and sc-

condary-isomerizing hydrogenation reactions ;
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:-:::1 by moarrs
:-:,i r,rl]-gons

i:-rc=s [!/o]

2. flexible and almost universal adaptabilitl' to a:r-
PCH process;

S.besides graphica,l interpretation, it also prorides al ..:.:-; .-: --- --; --
porcentual quantitative value of CCS.

To this time, it is the determination of aII rate constants i:i,ij,:.i:r.i j:: :-'-
l6-angular diagram in the reaction model scheme (X'ig. tb) tha: --i--; ::-
unsolved problem in our conditions. Approaches to the solut'ion of tti: :,:-'r.-=::,
outlined in the work [33] seem to be promising.

Aoknowlo@ement. Tho author would liko to oxprosg his sincere gratitudo to lI. Blstnc-
k6 and V. Grmanovd, for their technical holp.
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O noauoauocrfi truerrenno-rpa+rrecftoro cfloco6a Bbrparrterrufl cenemrtrBrrocrrr rtrAponeuuBn-
poBaFEr.I)K rrupoB nyrerr rrr(oMrrJrer(cnofi oqeuxn.s

Pe groue

Peuaracr BoaMorr(Eocrb otrpeAeJreEufl trapaMerpa ceJrerTrrnuocrrr RaraJrr4oaropa rtrApo-
reEu3aqutr, trJrtr ,I{e luAporeEu3upoBaEEhrx TprraqunNrnqeptrEoB tro EoBoMy ctroco6y.
B nporunonoJrox(gocrr cyrqecrByroqr4M, B groM ctroco6e, uapagy c nepBEqEo-aAAtrTtrBEbrM
TEtrOM yrIET6IBaeTCff OAIIOBpeMOEEO U BTOpITTTEO-UsOMeprr3arIUOEEbru rrltr peaKqr.ru rtrApo-
reEtrSaqtrII C BoSMOTfiEoCTBIO Bllparl{eEtrfi KaK ,,KyMyntrpOBaEEO-ItoMtrJIeKcEaB ceJIeKTuB-
Eocrb"_(l{HC). l4cxo.qsbllr{u AJrs otrpeAeJreaua }t}tC ss.-rsprcx trpocrhre, rleJroqucJreunEre
liJraccu(ptrKalllrE trfiTtr 3EelqeEtrtr SKBTTAECTaETEOCTeE, Ea KOTOpBTe paSAeneEbl Atratra3oEbl
J-AenbEhrx cliopocrei peaRqut oTAeJIbEhrx rreEacbrqeEEl,rx xnpEhrx KrrcJror. gro uoasorsel:
Bhtpa3urr HHe sacJreuro E rpa{ffrrecxr. ,[.rrn BecbMa sar;rsAnbfi r-pa{r.rvecnofi nEreptrpeTa-
dtrtr HltC trctroJILBoBaEa aAatrTa6eJrbuas llonulonaJrBuafl clrcreMa, ctroco6uarr oisdrrrr
Bce BEA6r pacrtrrenbEbrx MaceJr, trJrE ,r(e MoAenII peax4ufi trapqtraJrbEoft KaranETuqecKoii
rnAporeHaqrr[ c MtrEtrMaJrbEo TpeMg, a MaKcuMalrbso mecTEaAqaTBro r{oEcTaETaMtr cr{opoc-
ru, r{oTopbre MoryT 0r,rT6 llctroJrbsoBaEEr B cnyqae MaTeMaTuqecRoro otrtrcaEtrff uSoMeptr--
Saqnossblx, a Tari,I{e Eerroc;reAoBaTenbgotrapaJlJleJrbEf,rx IuApoIeEn3arIEoEEbIX trSMeBeErit
orle.qbEblx xtupEblx l{ffcJlor. fpaifunecxn dnpaxennaa ]tHe ssrsercfi TorrEo xnauruifu-
qs_pyeMoi r(a( trpoqeErEoe oruomenrre triroqanrr (nourypa) ucxoAsoro (teoperzvecnan
IiltC) x rrrroqaAt (xourypy) trorryqenaoro noirrrroaa.



F. 3S0.
Prarue, Faculty
l-sersity lg6g,

e. P...hna 1982.
,. 
- DUTTON,

(i. 1967, p. 549.

r. ie;1, p. 325.
E::L. J2, 1993,

:a:i.nologickej

':- Teehnology,

r rElpotelltrBl{-

riiropa ru[po-
EUY ctroco6y.
I.}Af]NTtrBELIM
e:litrutr rrrApo-
EAA CEJIEfiTEB-
ue-tostrcireEEI'Ie
BT f,trAtrA3OEBI
i-+r': noanotner:
:z EETeptrpeTa-
E:E OXBATIfTT-
ai:.-ltrTIIqecKoi,i
Eiautr cRopoc-
rEFE lr3oMeptr_
r--: neueEeEuft
Er HBaErtripE-
!Ea i,eTllrlecKafi

Frispevok k moinosti gtaflcko-numerick6ho spdsobu vyiailrovonia
selektivif hyfuogenovonfch tukov metddou rrhomplenej hoilnoty66

Srlhrn

Rie$ila sa moZnosd urdovania paramotra selektivity hvdrogenain6ho katal;'zritora,
resp. hydrogenovan-y-ch triacylglycerolov novfm spdsobom. Oproti doterajiun sp6sobom
s,a v tomto popri prirnri,rno-adidnom typo berie do rlva,hy sriiasne aj sekund5rno-izomeri-
za(,ujt tyyt hydrogenadnej reakcio s moinostou vyjadrenia ako ,,kumulosar:.d komple:nd,
soloktivita (IIKS)". Vfchodiskov;imi na urdovanie I(KS sri jednoduch6. celodisel-nd lda-
sifikd,eie 5 hodndt ekvidistancii, na ktor6 srl rozdelend rozsa,hl- Speci-ficki-ch reakdnj-ch
rfchlosti jednotlivfoh nenasftenfch mastnfch kyselin. Qirn sa umoiiruje numerickv
i graficky vyjadriii K.I(S. Na velmi nri,zornri. grafickri intorpretri,ciu KKS sa pou2iva adap-
tabilnf polygondlny syst6m, schopnf vystihmid v5otky druhy rastlinnj-ch oiejor. resp.
reakdn6 modely parcid,lnej katalytickej hydrogond,cie s minimrilne troma a marimdlne
Sestn6stirai rfchlostnlfrni konBtanta,rni, ktor6 sa m6iu uplatnid v prfpade matematickdho
opisu izomerizadnj,ch, ako aj nondslednfch-sribeinly'ch hydrogenadnllch zmien jednot-
liv-t'ch mastn;ich kyselin. Graficky vyjadrend KI(S je oxaktno kvantifikovatelnd ako
porcenturilny pomer plochy (obvodu) p6vodn6ho (teoretickd, KKS) k l,loche (obvodur
ziskan6ho polyg6nu.
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