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B namem na npogp. omn Cmegpan Heanos

Taszu eoouna ce Hagvpwsam 75 200UHU OM POAHCOEHUEMO HA YUeHd, nedazozd u
yoseka npogh. omn Cmegan Apxaneenos Hsanos.

Ilpog. Hsanos e pooen na 15. 08. 1930 2. 6 c. beromunyu. Ocnosnomo cu
0bpazoeanue noayuasa 8 pPoOHOMO Ccu celo, cpeoHomo — 6 Jlomckama mwvocka
CUMHA3USA, A BUCWEMO CU 00paA308aHUe 3a8bpuiea ¢ omaudeH ycnex npesz 1952 2. 6
Coguiickus ynueepcumem. B Yuusepcumema ce Hacousa Kvm u3ciedogamencka
paboma u cieod 3a8bpuIBane Ha GUCULEMO CU 00PA308aHUE € HASHAYEH KAmOo MIa0ulu
Hayyen cvcmpyonux 6 HHUUW ,,Mapuya“-Ilnoeous. B 1955 2. cneo ycnewno
UB0BPIHCAH KOHKYPC e u3bpawn 3a acucmenm no anaiumuyna xumusi 6 BUXBII — 2p.
IInosous, a npez 1960 2., 6 cvomeemcmeue ¢ HAYyYHAMA MeEMAMUKA, NO KOAMO
pabomu ce npexevpisi 8 kKameopama no TexHonoeus Ha pacmumenHume MA3HUHU U
emepuuHu macia. B maszu nackopo ocnosamna xameopa moi nocmass oCHoO8ume Ha
nabopamopuume 3aHAMU NO XUMUS HA MA3HUHUME U emepudHume Macid.

Ilpes 1962 2. e uzbpan 3a ooyeum 6ve BIIU 6 Ilnogous, ceca Ilnosouscku
yHueepcumem ,,I1. Xunenoapcku“. Ocnosasa kamedpama no OpeaHudyHa XUMUYHA
MexXHO02Usl, KOSIMO PbKOBOOU 00 KPAsl HA JHCUBOMA CU.

Owe 6 Hauanomo Ha npenodagamenckama cu 0eUHOCH Hanucea NbpPeus y HAc U
3a ceea eOuHcmeeH ysnocmen Kypc no OpeaHudna XUMUYHA MeXHOI02Us, NPemvpnsil
5 uzdanus u nonzearn u om ocmauaiume yHusepcumemu 6 cmparama. Aemop e u
cvaemop Ha yuebHume nomaeana: ,,Maznunume 6 Opomamono2uuen acnekm ",
., Xumuyeckume npousgoocmea 6 bwaeapus u msaxwomo usyuasamne 6 cpeoHume
yvuunuwa “, ,, Ilosuwasane Kavecmeomo HaA XpanumenHume HNPOOYKMU upe3
usnonzyeane Ha nooodopumenu . Ilo necoéa unuyuamuea u npu axKmusHOMO My
PBKOBOOCMBO ce 8bBede U 00yUeHUemo no cneyuaiusayusima ,, Xxpanumenna xumus “,
KOSIMO NO-KbCHO NpepacHa 6 mazucmuvpcka npoepama. llepuoouuno opeanuszupa u
nposedxcoa 8 Kameopama Kypcoge 3d nosuuilasame Keamuuxkayuama Ha
cneyuanucmuy  om MAcleHama NPOMUWIEHOCH, CHeyualu3ayuy Ha HayyHu
pabomuuyu om cmpanama u uyyxicouua. Ilpog. Heanos pabomu axmusHo cwvc
CMYOEeHMU-KPBIUCOUHUYU U C 207AM Opotl ouniomaumu. bun e pvkosooumen ma 18
VCNeUWHO 3auWumuiu ACRUpanmu — yugpa, ¢ KoSmo MaiKo npenooasameni Mo2am od
ce noxXeaisim.

IIpogh. Ueanos nocmwvnsa 6 llnosousckus yHusepcumem eeue Kamo 0@opmeH
Hayyen pabomuuk u npe3 19635 2. e nvpsusm sawumun 8 Ynusepcumema 0OKmMopcKa
oucepmayusi. Ilpez 1971 2. e uzbpan 3a npogpecop, a npez 1979 2. cmasa “0okmop Ha
Haykume .

IIpogh. Heanos e eoun om uaii-usmvKHamume Hawiu cneyuaiucmu 6 ooaacmma
Ha unuoume, cbC cCOOCMEEH NOUEPK U MeHCOYHaApoOoHa uzeecmuocm. Cneyuanuzupai
e kamo Xymboamog cmunenouanm 6ve Dedepanuusi UHCMUMYM NO MA3ZHUHUME 8
Mionucmep (I'epmanus), ¢ Xymbonmosus Ynusepcumem 6 bepaun u llenmpannus
uncmumym no masHunume 6 byoanewa. Haiti-eonemume my nocmudwcenus ca 8
obracmma Ha A8MOOKUCIEHUemo, cmadbuiwocmma u Cmabdulu3upanemo Ha
XpaHumennume MA3HUHU, NPOOTeM C 20JIAMO 3HAUeHUe 3a aHAIU3d, MEeXHOI02UAMAa U
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XpaHumenwama CcmMoOUHOCm Ha Xpanume. B masu obracm mou uma peouya
OPUSUHATHU PA3pAbOmMKU, He Ccamo NyOIUKY8AHU 68 CNeyUudlu3upaHu CNUCaHus, HO U
WUPOKO YUMUPAHU U YACMUYHO UIU NBIHO OMpA3eHU 6 peduya MoHozpaguu u
pvkogoocmea. Cv3oadenume om Heeo 11 amanumuynu memooa 6 obracmma Ha
qunuoume ca 6HeOpeHUu 6 HAYUHU U NpPOU3BOOCMEeHU Jabopamopuu y HaAc, 8
T'epmanus u Op. esponeticku cmpanu.

llo-sasicnume  paspabomku ¢ npunodcen xapakmep ca 6 obnacmma Ha
noayuasanemo U NpeYUCMeAHemo HA  OUOIOUYHO-AKIMUBHU  Geujecmsd, Ha
KOMNJIeKCHama npepabomka HA JUNUOHU KOHYEHMpamu, HA NOJNyYa8anemo Ha
BAJHCHU MEXHUYECKU NPOOYKMU.

Hayunume nocmuoicenus na npog. Cm. Heanoe ca ob6odbwenu 6 nao 155
nyoIuKayuu 68 CReyualusupanu Hawu u 4yncoecmpaniu cnucauus, 6 21 asmopcku
ceudemencmea 3a uzoopemenus, 6 24 eedomcmeeHU U Ompaciogu 002080PUPAHU
paspabomku. lonama uwacm om me3u NOCMUdNCEHUA CA OOKIAOBAHU HA
MedAHCOYHapoOHU KoHepecu u Kongepenyuu 6 Espona, Amepuka u Azus. Ilpesz 1962 2.
e usopaw 3a uien Ha MedxicoyHapoOHoOmo OpyIHcecmeo 3a U3Cied8anusi 8 001acmma Ha
aunuoume, Kvoemo e oun eouHcmeeHus ovaeapcku npeocmasumen. Ilpogh. Heamnos
yuacmea akmueHo 6 pabomama Ha paziudHu 3eena Ha BAK, & I[lemmpannomo
pvKkoeoocmeo na Cvioza Ha yuenume 6 bvneapus — knon Ilnoeous, 6 nayunu cveemu
Ha Uuncmumymu u Yuusepcumemu. Om 1981 2. e pvkosooumen Ha epynama no
ouoaxmuenu aunuou Kvm Jlabopamopusama no 6uU0102UYHO-AKMUBHU 8eUiecmea 8b8
¢unuana na bAH 6 [1nosous.

Llpe3 1966 2. e uzopan 3a 3amecmuux Pexmop no nayunama yacm, a om 1968 2.
u 3a Pexmop na Ilnosousckus ynusepcumem. Kamo ocnosen He206 npunoc om mosa
8peme e nocmassaHe HA4aiomo HA MeHCOYHAPOOHOMO CbMpPYOHUYeCmeo Ha Haulus
Yuusepcumem ¢ Ynusepcumemu om CCCP, FKOeocnasus, Ilonua u op. egponeticku
cmpanu. Hezosa 3acnyea e u opeanuzupanemo Ha 6-meceyrHo obyyeHue no aHeauticKu
e3UK C OMKbC8AHe Om paboma Ha 8CUUKU npenoodasamenu Ha Yruueepcumema.

IIpogh. Hsanos be ysadicasan u obuuar pvkosooumein, KOUmMo ce spudceuie 3a
HAYYHOMO U NPOPECUOHATHO UPACMBAHe HA 8CeKU eOUH YleH HA KOJIeKmued, KOumo
pvKogodeute. bnazodapenue na He208ama aKmMuHOCH U MeHCOYHAPOOHU KOHMAKMU
mou ocu2ypu 6vp3 HAY4YeH pacmedic Ha ACUCEeHmuUme U XuMuyume 8 pbKo8ooeHama
om Heeo Kameodpa, eKkaueanemo um 6 3aoepanuynu cneyuanuzayuu ¢ CCCP,
Llleeyusn, @panyus, I'epmanus, yuacmus 8 MedrHcOYHApOOHU U HAYUOHAIHU HAYYHU
KOHepecu u KoHghepeHyuu.

Ilpog. Heanos be usxknouumenno pabomocnocodeH, MHO20 UHUYUANUBEH,
BUCOKO epyoupaH u nio0omeopex npenooagamern u uscieoosamein. Toi we ocmane 8
namemma Ha me3u, KOUMO 20 NO3HABAXA U C KOUMO e pabomui, npedu 8CUUKO KAMO
yeascasan u 0OUYAH 4Y0BeK, Yyuumen U Y4eH, Kamo eOuH om cv3udamenume Ha
Ilnosouscku ynusepcumem ,, Ilaucuti Xunenoapcxu “.
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ABSTRACT

The system vanadium(IV) — 4-nitrocatechol (NC) — iodonitrotetrazolium
chloride (INT) - water — chloroform is studied. The optimum conditions for complex
formation and extraction into chloroform are found: pH=3.9-4.5 and reagent
concentrations at least 2x10™ mol "' NC and 1.2x10™ mol 1" INT. The composition
of the ternary complex is found to be V(IV):NC:INT = 1:2:2 with maximum
absorbance at 350 nm. Beer’s law is obeyed in the range from 0.1 pg ml" to 3.0 pg
ml” V(IV). Molar absorptivity is found to be £350=2.36x10" 1 mol' c¢cm™. The
following constants are determined: extraction constant IgK.=10.6, association
constant 1gB=9.2 and recovery factor R=96%. The effect of foreign ions and reagents
1s studied as well.

Keywords: vanadium(lV), ternary complex, 4-nitrocatechol, iodonitrotetra-
zolium chloride, extraction-spectrophotometry

INTRODUCTION

Vanadium is an element of biological and environmental importance that is why
its compounds attract special interest [1]. A considerable number of the studies in the
field make use of spectrophotometric methods and are devoted to complexes of
vanadium with organic ligands [2]. Complex formation of V(IV) in solutions is less
studied as compared to V(V). V(IV) is dominating species in mammals, some natural
waters and in various industrial systems. V(IV) exhibits lower toxicity than V(V) [3].
In many cases complexes of V(IV) show better analytical characteristics than the
similar complexes of V(V) [4].

V(IV) forms stable oxocations VO** in aqueous solutions [5]. The most widely
applied complexing agents to V(IV) at pH=4-5 are Chrome Azurol S [6,7], Catechol
Violet [6,10], Chromoxane Cyanine R [6,8,9] alone or in combination with organic
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bases [6-10]. For the quantitative determination of V(IV) are recommended as well
the reactions with 9-phenyl-2,3,7-trihydroxy-6-fluorone (Fluorone Black) [11], 9-(2-
chlorophenyl)fluorone [12], 3-pyridylfluorone [13] and those reported in ref.[14-16].
The study of V(IV) complexes and comparison of the results with those obtained for
V(V) complexes will throw light on the redox processes that may occur during
complex formation caused by the ligands or by air oxygen. The system V(V)-NC-
INT—water—chloroform has been studied in a previous paper of ours [17]. It has been
applied to determination of vanadium in steels [17]. Based on data about complex
composition and data reported by other author about similar systems [18] we have
assumed that NC reduces V(V) to V(IV), the latter participating in the final complex
compound. Having in mind this assumption as well as the insufficient information
about complex formation of V(IV) we consider that the system V(IV)-NC-INT-
water—chloroform is worthy of studying with a view to theoretical and practical
applications.

EXPERIMENTAL

Reagents and Apparatus

e 4-Nitrocatechol (NC), GR from Fluka, 2x10~ mol "' aqueous solution;

e VOS0,.5H,0, GR from Fluka, 2x10° mol I in 0.2 mol 1" H,SO,. The
concentration was checked by titration with a standard solution of potassium
permanganate;

e Iodonitrotetrazolium chloride (INT), GR from Fluka, 2x10~ mol I"' aqueous
solution;

e Chloroform, GR;

e VSU-2P spectrophotometer (Carl Zeiss, Germany).

Procedure for establishing of the optimum operating conditions. 3-ml aliquot
of the acetate buffer solution (pH=4.3), aliquot of the V(IV) standard solution in the
concentration range from 0.1 ug ml” to 3.0 pg ml™, aliquot of the NC solution in the
concentration range from 2x10” mol 1" to 8x10™ mol I"' and an aliquot of the INT
solution in the concentration range from 0.4x10” mol 1" to 4x10™* mol 1" are
introduced (in the mentioned order) into 100-ml separatory funnel. The aqueous
phase is diluted to 10 ml with water and extracted with 10 ml of chloroform for 5
min. The phases are allowed to separate and organic layer is filtered through a paper
filter impregnated with chloroform. Absorbance is measured in a 1-cm cell against
chloroform. A blank is parallelly run and its absorbance measured against chloroform
too.

Procedure for determination of the distribution constant. A 3-ml aliquot of the
acetate buffer (pH=4.3) followed by 20 ug V(IV), 5x10™* mol I'' NC and INT in the
concentration range from 2.5x10” mol I"' to 4x10™* mol I"' are introduced into 100-ml
separatory funnel. The aqueous phase is diluted to 8 ml with water and extracted with
8.0 ml chloroform for 5 min. Organic layer is filtered through a paper filter
impregnated with chloroform, collected in 25-ml calibrated flask and diluted to
volume with chloroform. A blank is parallelly run. Absorbance is measured at 350
nm against chloroform.

6



Extraction-spectrophotometric study of the complex...

RESULTSAND DISCUSSION
Optimum conditions for formation of the ternary ion-association

complex and its extraction with chloroform

In acidic medium V(IV) forms ternary complex with NC and INT easily soluble
in chloroform. Absorbance maximum of the complex in chloroform is at 350 nm. A
constant and maximum absorbance of the extracted complex is observed in the pH
range of pH=3.9-4.5 (acetate buffer). This pH interval is wider as compared to that
established for V(V) complex [17] and is shifted to lower pH values. Optimum
concentrations of NC and INT are determined at pH=4.3. The concentration of NC in
the aqueous phase should exceed 2x10™ mol I' (10-fold excess), while that of INT —
1.2x10™* mol 1" (6-fold excess). Beer’s law is obeyed in the concentration interval
from 0.1 pg ml™” to 3.0 ug ml"' V(IV). Molar absorptivity calculated using the Beer’s
law 1s 8350=(2.36i0.07)X104 1 mol™ em™.

The composition of the complex is determined by using the molar ratio method
and the Job’s method of continuous variations [19] and appears to be
V(IV):NC:INT=1:2:2. The following formula of the ternary complex is suggested:
(INT);[VO(NC).].

The effect of diverse ions on the formation and extraction of the studied
complex is summarized in Table 1.

Determination of equilibrium constants Ke,, Kp and gin the system V(1V) -NC
—INT — H,0 —chloroform.

The following equilibria and the corresponding constants are considered based
on data about complex composition and according to the method described in ref. 20:

2INT" + [VOR,]* < (INT),[VOR,] (1)

B=[(INT)2[ VOR,]/[INT'J'[VOR,"]

[(INT)2[VOR,]] < [(INT)2][VORy]Jorg (2)
Kp = [(INT)2[VOR;]Jorg/ [(INT);[ VOR;]]

2INT" + [VOR,]* < [(INT)2[VOR;]]or, 3)

Kex=[(INT),[VOR,]]or/[INT [ [VOR,]*]

Distribution coefficient D=A/(A.x-A) 1s determined at constant vanadium
concentration and variable concentration of INT as a ratio between equilibrium
concentrations of vanadium species in aqueous and in organic phase. Aja.x 1S
absorbance of the ogranic phase measured after triple extraction of the complex with
chloroform. At V(IV) to INT molar ratio of 1:2, the method described in ref. 20 can
be applied only to determination of Kp. Extraction constant K, is determined using
the method of Likussar and Boltz [21] for three values of K=Cyqy,+Cinr: K,;=6x107
mol 1", K,=8x107° mol 1! and K5=1x10* mol I'". The calculated three values of Ky
agree very well. Association constant B is calculated according to the equation B
=Kex/Kp. The recovery factor R=(D/(D+1))x100 is 96.0%.

1gK=10.6£0.2 (P=95%, n=4)
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1gKp= 1.4+0.02 (P=95%, n=6)

lgB =9.2+0.2
Table 1. Effect of diverse ions on the extraction of 10 g V(IV.)

Foreign ion lontoV R % Foreign ion lontoV R %
ratio ratio

Al(IID) 50 98.6° Mn(1I) 3000 100.6*

Br 1 100.0 Mo(VI) 1 104.4

Cddrn 500 102.5 Nb(V) 1 interfere
3000 102.3°

Ce(I1I) 6 98.0 Ni(IT) 3000 99.9°

citrate™ 60 99.5 NOy 1 interfere

Cr 8 98.5 NOy 1 interfere

Co(1) 200 101.2 PO,> 200 98.8
3000 98.5°

Cr(III) 800° 95.1* ReOy 1 interfere

Cu(II) 200° 96.8° SCN- 1 interfere

C,0.” 10 103.0 SO5™ 2 102.2

Fe(Il) 1 interfere SO, 4400 100.0

HPO,” 10 99.3 tartrate™ 75 102.5

H,PO4 20 99.2 Ti(IV) 1 interfere

104 1 interfere W(VI) 1 933

Mg(II) 3000 102.4 Zn(10) 3000 100.0°

a — in the presence of 0.5 mg sulfosalicylate
b — in the presence of 0.5 mg sulfosalicylate and 1.5 mg F

CONCLUSION

Vanadium(IV) forms stable ternary ion association complex with 4-nitrocatechol
and iodonitrotetrazolium chloride easily soluble in chloroform. The characteristic
features of this complex are superior as compared to that of the similar complex of
vanadium(V) [17] — higher molar absorptivity, complex formation occurs in wider
concentration interval and pH range, the recovery factor is higher, larger amounts of
Zn(11), CddI), Co(1l), Cr(III), Cu(Il), Ni(II), Mn(Il) and Mg(II) do not interfere.
Molar absorptivity of the ternary complex (INT),[VOR;] formed in the system
vanadium(IV) — NC — INT — H,O — CHCI; is higher than the molar absorptivity of
vanadium(IV) complexes with the most often used ligands for this oxidation state,
namely triphenyl methane derivatives [6-10]: Chromoxane Cyanine R (¢=8.5x10° 1
mol” cm™), Pyrogallol Red (¢=4.5x10° 1 mol’ cm™), Bromopyrogallol Red (e
=5.5x10° 1 mol’ cm™) and has similar value to the molar absorptivities of
vanadium(IV) complexes with Chrome Azurol S (e=1.3x10* 1 mol" cm™) and
Catechol Violet (e=2.15x10" I mol” cm™). The above mentioned advantages reveal
that the studied system is suitable for extraction-spectrofotometric determination of
traces of vanadium and can successfully compete with known procedures in the field.
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MUI'PALIUA HA EJIEMEHTUTE Al, Cu, Zn, Mn, Fe, Cd u Pb
OT KEPAMUYHU JTOMAKUHCKH CBOBE

Kaxkanosea M., I. bekapoe
HUKXT — HIIEB — I1hoeous, oyn. “Bacun Anpunoe”Nol54

ABSTRACT

This study has investigated the migration of metal ions from a number of
earthenware food contact materials into a range of potential food simulants and real
food products.

It has been observed the metal migration from earthenware pans to water
solutions of acetic acid with concentration 3% (v/v) and 4% (v/v) exposed at 20° +
2°C for 24 hours of storage. The simultaneous determination of Al, Fe, Cu, Zn, Mn,
Cd and Pb is executed by using an optic-emission spectrometer with inductive
coupled plasma model Specroflame — Modula. It has been traced out tomato ketchup
after processing at 150°C for 45 min. exposed at three of testing items.

The results, we have obtained, explain that in case of using the earthenware
items in modern kitchens, basic lead contamination of food is due to migration from
the pans.

Knrouosu oymu: Muepayus na memanu, kepamuunu cvoose, ICP-OES

BBBEJEHUE

JlokazaHO €, Y€ MHTOKCHKalUWATa HAa YOBEKA C TEKKU METAIM MpPEIU3BUKBA
peasieH mpoOieM 3a HEroBoTO 3xapaBe. IIpuMepHO, TOKCHMYHOTO BB3ACHCTBHE Ha
OJIOBOTO C€ M3pa3sBa B HETaTUBHO BIIMSHUE BBbPXY KpbBOOOpa3yBaHETO, HEpPBHATAa,
pEnpOayKTUBHATA U KapAHOBACKYyJapHaTa CUCTEMHU, a KaIMUAT YBpPEXJa CTOMAIIHO-
YPEBHUAT TPaAKT, ObOpeunte, Oenuar u 4epHusT apodoBe. ONOBOTO M KaJAMHAT ca
CbOTBETHO Ha I'bPBO M BTOPO MSCTO B CHHUCHKA 3a OpOs HA 3aCETHATUTE XOpa OT
TAXHOTO BJIMSHME, KaTO 3a OJIOBOTO T€ Ca HaJ €AUMH MWIMAp[, a 3a KaJAMHAT Haj
noJoBUH MuIHOH. Criopes; ChIIMTE JaHHU OpOST Ha XOpaTa 3acerHatu OT KHUBakK €
okono nernaecer xuisaau [1]. ToBa oOsicHsBa U mpuopuTeTa, ¢ KOHUTO C€ MOJI3BaT
I'bPBUTE JBA €JIEMEHTA IIPU OIpeIessiHE 0€30I1aCHOCTTA HAa XPAHUTEIHUTE IPOYKTH.

[To-rossimaTa 4acT OT TEXKKUTE METAJIM IIOCTHIBAT B OPraHW3Ma Ha YOBEKa 4pe3
XpaHaTa U HaIlUTKUTE, KOUTO KOHCyMupa. ETo 32110 B OYTH BCUYKH Pa3BUTU CTPAHU
C€ KOHTPOJUpPA ChIBPKAHMETO HA TEXKH METald B XPAHUTEIHUTE MPOAYKTH. B
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bearapus To3u HopMaTHBEH 1OKyMeHT € Hapenba Ne 31/29.07.2004 r. [2]. Ho ocBen
CYpOBHUHHUTE, CBOS TMPUHOC 3a 3aMbpPCSABAHE C TEKKH METalu JaBaT U CHIOBETE,
W3MOJI3BaHM 3a TAXHATA TEPMHYHA TIOATOTOBKAa. HOpMAaTHUBHUAT JOKYMEHT 3a
XUTMEHHUTE U3MCKBAHUSA KbM MaTEpPHAIUTE U MPEAMETHUTE, PA3IMUYHU OT IIACTMAacH,
IpeHA3HAYCHM 32 KOHTAKT ¢ XxpaHu € Hapemoa Ne 24/17.05.2001 r. [3]. CeriacHo
wi. 9 Ha cpulaTa Hapenda KOJMYECTBAaTa HA OJIOBO M KaJAMHM, NMPEMUHAIU OT
ChJIOBETE OT KepaMHUKa BbpPXY XpaHUTE HE TPsSOBA HA HAJBUINIABA CJICIHUTE TPAHUIIN
Ha MUTPAIIUA:
» 3aonoBo 4 mg/l 3a ceaoBe mox 3 mutpa u 1.5 mg/l 3a chaoBe Hax 3 IUTPA;
» 3axaamuii 0.3 mg/l 3a cpmoBe mox 3 murpa u 0.1 mg/l 3a cpmoBe Hax 3 aUTpA.
B macTosimus eram KOHTPONBT, KOWTO C€ OCHINECTBSIBA BBPXY CYPOBHUHHUTE €
3HAYUTEITHO TIO-TOJIIM OT KOHTPOJIa BBPXY JIOMAaKHMHCKHUTE CBHIOBE BBIIPEKH, Y€
3aMBpPCABAHETO, KOETO TIXHOTO W3IOJ3BAHE TMPEAN3BUKBA, B pEAWIA CIydad
HaJBUIIIABa C JICCETKU IIBTH pa3pelrieHaTa HopMa 3a CYpOBHHHTE.
Ilen na nacmoawama padoma e Oa ce onpederu MmMuzpayuama Ha
enemenmume Al, Fe, Cu, Zn, Mn, Cd u Pb om Kepamuunu cv006e KbvM
CUMYTAHMHU PA3MEOPU U OOMAMEH COK.

AITAPATYPA U HAYUH HA PABOTA

Ocem KCpaMUIHU NJOMAKWMHCKH CbJad TPOSHCKA IIapKa, ITPOU3BOJJIHO I/I36paHI/I oT
TBProBCKaTa MpcCiKa Ca TCCTBAHHU 3a OCIIMTC HAa HACTOAIIOTO U3CIICABAHC!

K1- xepamuyen rioBed o6em 7 nutpa K2- xepamuyen riosed o6em 3 nutpa
K3- kepamuyen rioBey odem 2 nurtpa K4- xepamuyen riosed o6em 2 nutpa
K5- xepamuyen rioseu obem 0.7 nutpa K6- xepamuyen riosed obem 0.7 nurpa
K7- xepamuueH rrosed ooem 0.5 nurpa K8- xepamuueHn roseu ooem 0.5 nurpa

3a TPUTOTBSHETO HAa CUMYJAHTHUTE pa3TBOpU O€ H3IMOJI3BaHA NECTUIIMPAHA
Boga u 100% omerHa kucenwHa 4d.a. Ha Pupma Merck Germany 3a monydyaBaHe
CHOTBETHO Ha MOJIEJICH pa3TBOp ¢ KoHueHTpauu 3% (v/v) u 4% (v/v).

PabGoTHuTE CTaHTAPTHU PAa3TBOPU C KOHIICHTPAIMH 32 M3CJICIBAHUTE €IIEMEHTHU
(Al, Fe, Cu, Zn, Mn, Cd u Pb) 0.5 ppm u 1.0 ppm 06sxa npurorBenu ot ICP
MyJITUEJIEMEHTEH cTanaapTeH pa3tBop IV Ha pupma Merck Germany.

N30panuTe 3a HACTOSIIMS E€KCIIEPUMEHT JOMAaKMHCKU ChJa, CJIe]] U3MHUBaHE,
0s1Xa HaITbJTHEHU TOCIEOBATEIHO C MOIXOAIM 00eMU OT CUMYJAHTHU Pa3TBOPH C
koHneHTpanuu 3% (v/v) u 4% (v/v) ouerna kucenuna ¢ pH ceorBeTHO 2.6 M1 2.4, 1
CHXPaHSBAHH B IPOIBIKEHHE Ha 24 gaca mpu Temmeparypa 20°+2°C. CroTBerHaTa
KOHTaKTHA MOBBPXHOCT 32 BCEKU OT MpubopuTe O€ mpecMeTHaTa, C IIeJ1 U3pa3sBaHe
Ha MUTpalMATa 3a eIWHUIIA VIO U enuHuIla ooem/maca. Tpu oT Te3u chaoBe Osxa
NOBTOPHO H3CIIEJIBAHH C JIOMAaT€H COK, C L€ CUMYJIMPAaHE HAa peaJieH MpPOLEC Ha
EKCIUIOATaIMsl Ha TOTBAPCKUTE ChIOBE.

[IenaUTE MO ompeseneH 00eM KepaMUIHU ChIAOBE CE HarpsiBaT BbB (pypHaA mpH
150°C 3a 45 munytn. ChuoBere K2, K5 u K6 6sxa TecTBaHHM ¢ JOMAaTeH COK ¢ 00Ia
KHcelMHHOCT Kato oneTtHa 0.45 % u pH 4.2. PazpaGorenu 0sixa u mpa3Hu npoOu B
O0exepoBM Hally MpPU CHIIUTE YCIOBHs (TepMooOpaboTka u mpectoid). [lomyuenure
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OIICTHU M3BJIEIU Cca aHAIM3UpaHu 3a Hanuuueto Ha Al, Fe, Cu, Zn, Mn, Cd u Pb upe3
ICP-OES SPECTROFLAME wna d¢upma Spectro Analytical Instruments c
MOHOXPOMATOp 3a JIMHEWHUS aruana3oH ot 165 go 440 nm.
3a ompezensHe KOHIEHTpalMsITa Ha W3CIEABAHUTE E€JIEMEHTH € H3MOJ3BaH

nynBepuszarop Tun Mainhard u crnennure amaparypuu napamerpu: E = 1200 W,
Nebulizer gas — 26 bar, Coolant gas — 42 bar; Auxiliary gas — 26 bar.

B tabnuma 1 ca npeacraBenn paOOTHUTE MBHKUHU HA BBHIHUTE 32 MU3CICABAHUTE
€JIEMEHTHU.

Tabauna 1. Jvaorcunu na evanume A (nm) 3a ananuzupanume eiemeHmu

En. Al Fe Cu Zn Pb Mn Cd
A (nm) 167.080 259.940 324.754 213.856 220.340 257.610 228.802
PE3YJITATU U JUCKYCHUU

B Ta6nmia 2 ca noka3zanu KoHIIEHTpanuuTe Ha enemeHTute Mn, Fe, Cu, Zn, Cd,
Pb u Al B 4% (v/v) pa3TBOpHM Ha OIleTHa KUCEIMHA CbXpaHsABaHU 3a 24 yaca mpu
temmeparypa 20°+2°C B kepammunn cpmoe ot K1 mo K8. Konuenrpauuure ca B
mg/l. OT mocodyeHuTe pe3yiaTaTH ce BWXKAA, Y€ Hall-roysiMa € KOHIIEHTpalusTa Ha
OJIOBO B CUMYJIAaHTHHS pa3TBOP, ChbXpaHsiBaH B ¢ba K6 — 1.68 mg/l. [Ipyru enemenTy,
KOUTO MHUTpUpAT MO-3HAYUTEIHO OT Ch/la B CUMYJAHTHUS pa3TBOP ca I[MHKA M
anmyMuHus. [IpuchbCTBHETO Ha OCTAHAIUTE M3CJICABAHU €IIEMEHTU € MPEHEOPEKUMO
MaJIKO.

Tadoauua 2. Konyenmpayuu na enemenmume Mn, Fe, Cu, Zn, Cd, Pb u Al 6 4% (v/v)
PA3meopu Ha OYemHa KUCEeIUHA, CbXpaHaeanu 8 kepamuunu cvoose K1 - K8 6 mg/l

K1 K2 K3 K4 K5 K6 K7

Mn 0.002 0.100 0.002 0.030 0.002 0.155 0.004
Fe 0.010 0.025 0.018 0.040 0.020 0.050 0.045
Cu 0.008 0.012 0.012 0.006 0.010 0.013 0.010
Zn 0.25 0.32 0.29 0.26 0.35 0.39 0.39
Cd <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Pb 0.50 1.32 0.13 0.21 0.28 1.69 0.48
Al 0.03 0.21 0.02 0.04 0.04 0.34 0.15

B Tabmmma 3 ca mocoueHm wmurpamusaTa Ha eineMmeHTuTe Zn, Pb u Al ot

kepamuyHu cbioBe K2, K5 u K6 B 4% (v/v) pa3TBopu Ha OllETHAa KHCEIHMHA
0

cbXpaHsiBaHM 3a 24 yaca npu Temmeparypa 20°C. 3a Tpure KEpaMHYHH CbhJa

ChOTBETHATa KOHTAaKTHA IOBBPXHOCT O€ INpecMeTHaTa, C LeJl H3pa3sBaHe Ha

MUTpAIHSTA 32 SAUMHAIIA TUIOIT U eUHUIA oOeM/Maca.

Ta6mauna 3. Muepayus na eremenmume Zn, Pb u Al 6 4% (v/v) pazmeopu Ha oyemna
2
KUCEIUHA, CbXpansasanu 8 kepamuunu cvooge K2, K5 u K6 6 mg/dm

K2 K$5 K6
Zn 0.041 0.170 0.100
Pb 0.17 0.13 0.45
Al 0.027 0.019 0.090
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B tabnuua 4 ca moco4yeHu KOHLEHTpalnuuTe Ha enementure Zn, Cu, Al u Pb B
mg/kg 1 mg/dm’® cyxa Maca JoMaTeH COK, MUrpupaiu ot chaose K2, K5 u K6 cuen
TepMHuHa 06paboTtka 3a 45 min npu 150° C. KoHueHTpauuure Ha ONpenesHUTE

€JIEMEHTH B CypPOBHMHA JOMATEH COK Ca KaKTO CIIE/Ba:
v Al —1.04 mg/1 Zn —2.74 mg/1
v Cu—4.06 mg/l Pb—0.16 mg/1

Taoauua 4. Konyenmpayuu na enemenmume Zn, Cu, Al u Pb ¢ mg/kg u mg/dm?2 cyxa maca
domamen cok, muepupaiu om cvoose K2, K5 u K6

K2 K5 K6
mg/kg mg/dm’ mg/kg mg/dm’ mg/kg mg/dm’
Al 4.83 0.93 0.10 0.06 5.76 2.18
Cu 58.30 11.28 0.20 0.11 0.20 0.08
Zn 35.70 6.90 2.30 1.26 28.40 10.75
Pb 9.90 1.91 3.50 1.92 11.8 4.47

OmnpesienieH € MPOLIEHTHUAT IPUHOC KbM KpalHUS MPOIYKT HAa KOHIICHTPAIIUUTE
3a BCEKHM OT €JEMEHTHUTE, OT JIOMAaTeHHs COK M OT ChjaoBeTe. Pesynrarure ca
[I0COYEHH B TaOIHIIA 5.

Tabamua 5. Ilpoyenmen npunoc kvm Kpaunus npooyKm.

K2 K5 K6
IIponyxT Con [IpoaykTr Con IIpoaykr Con
Al 70% 30% 99% 1% 67% 33%
Cu 46% 54% 99% 1% 99% 1%
Zn 47% 53% 92% 8% 52% 48%
Pb 17% 83% 37% 63% 15% 85%

OT nosly4eHHUTE JTaHHU C€ BMIKJIA, Y€ 3a TPUTE M3CJEABAHU KEPAMUUYHHU ChJIOBE
IPOLIEHTHOTO ChABPKAaHUE, ABJDKAIIO C€ Ha MUTPALMATA HAa OJIOBO OT TAX € HaJ 60%.
3a oCTaHAJIMUTE €JIEMEHTHU MIPOLIEHTHOTO ChIIbPKAHKE, IBJDKALIO CE HA MUTPALUATA OT
ChJIOBETE € JI0 JIBA IbTU MO-MAJIKO WM CHbU3MEPUMO C TOBA OT JOMATEHHUS COK, a B
TPH OT CIIyYauTe € CTOKPATHO MO-MAaJIKO.

N3BOAU

1. AHanu3uTe HAPaBEHHW Ha MPOU3BOJIHO M30paHUTE TPOSHCKH KEPaAaMUYHU ChJa
NOKa3BaT, 4e T€ OTroBapsT HAa M3MCKBaHUATA Ha Hapeaba Ne 24/17.05.2001 no
OTHOIIICHHUE ChIBPKAHUETO HA OJIOBO U KaJAMHUHU.

2. Ilpu u3moN3BaHETO HA KEPAMUYHU TIOBEYETa B JIOMAKHMHCTBOTO, OCHOBHOTO
3aMbpCsABaHE HA KpalHUS MPOAYKT C OJIOBO, CE€ IBJDKM HA HEroBaTa MUTpalus
pu TepMUYHA 00paboTKa.

3. Bzemaiiku moj BHUMaHHE H3BOA 2 OyAu HEJOyYMEHHE BHCOKAaTra HOpMa 3a
OJIOBO B KepaMU4HU cbloBe mo Hapemba Ne 24/17.05.2001, cwpmocraBeHa ¢
HapenOa Ne 31/29.07.2004 3a MakcMMaJHO JIONYCTHMHTE KOJIMYECTBA
3aMBPCHUTEIN B XPAHUTE.
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CPABHUTEJIHO U3CJIEABAHE HA METO/IUTE 3A
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ABSTRACT

There has been carried out a comparative study of the standard methods and
analysis of soil samples by AAS for the determination of Pb, Cu and Zn. It can be
concluded, that extraction of the elements is different and depends on sample
preparation and type of the soils.

Keywords: soils, sample preparation, AAS

BBBEJAEHUE

lomsim Opoif HayyHu myOJMKalMM ca ITIOCBETEHM HA METOAUTE Ha
IpoOOIMOArOTOBKA U OMNPEIENSHE ChIbPKAaHUETO HAa MUKPO U MAaKpO €JIEMEHTH B
nouBara [1, 2]. AHaTU3BT Ha W3CJIENBAHMITA TIOKA3Ba, Y€ MOBEUYETO JIAOOpaTOPHUH
pasnonarar ¢ MOAEpHa arnaparypa U U300pbT Ha METOJI 3a KOJIMYECTBEHO ONPEEIsTHE
3aBHCH TIpeIr BCUYKO OT KOHKPETHUTE 3a7aud W o0ema Ha paboTaTa, KaTo HE Ha
MOCJIEIHO MSCTO ca W (PUHAHCOBUTE apryMeHTH. Hali-mupoko npusiokeHue ca
HaMmepwin miaMbKoBUAT BapuaHT Ha AAS u ICP— QES. B npeobnanaBamara yacrt
OT CpPaBHHUTEIHUTE W3CIIEBAHUS TMOJYUYEHUTE pE3ydTaTH ca B J0OpPO ChIJIacHe.
Cpu1oTo 0b6ave HE MOXKE J1a Ce KaKe 3a METOJIUTE U TEXHUKUTE 3a MPOOONOATrOTOBKA
[3]. OGmionpuero € cxBalaHETO, Y€ MPOOOMOArOTOBKaTa € KPUTHYHUST €Tall IMpHU
MOJIy4YaBaHETO HAa KOPEKTHH pe3yJTaTH 3a ChIbPKAHUETO Ha TEXKKH METaIH H
XpaHUTEITHU €JIeMeHTH B moyBaTa. (OCHOBHUTE NPUYMHU 3a TOBAa ca TBBPJAC
Pa3IMYHUAT ChCTAaB M CBOMCTBA HA Pa3IMYHUTE THUIIOBE ITOYBH, KAKTO W IIUPOKUSAT
JMana3oH OT Bb3MOKHOCTHU 33 CBbP3BaHE Ha €JIEMEHTHUTE B Pa3IMUHUTE UM (PPaKIIUU.

Hactosmara pabota € yacT OT €JHO CHCTEMHO H3CJle[BaHE Ha METOAMTE 3a
HOJrOTOBKAa Ha MOYBEHM MPOOM 3a aHajIM3 Ha HaW-BAXHUTE TEXKKU METalId U
OCHOBHMTE XpAaHUTEIHU eleMeHTH. LlenTa e ga ce oueHsAT Bb3MOXXHOCTUTE HA Hail-
pa3NpOCTPaHEHUTE  CTAHAAPTU3UPAHM U HECTAHAAPTU3UPAHM  METOAM  3a



JI. Jlocnamaues, I1. 3anpanosa, B. Aneenosa, K. Heanog

HpO6OHOIIFOTOBKa H CC OIPCAC/AT I'PaHUIUTC UM Ha MPUIIOKCHUC IIPU PCIIaBaHC Ha
Hal-Ba>KHUTE €KOJIOTMYHU U CEJIICKOCTOIIAHCKH HpO6H€MI/I.

MATEPHUAJIN U METOIN
B wuscnenBaneTro ca wu3mnon3yBaHu 3 cepTUdUIIMPAHU TOYBEHH 0OpasIm,
OTTOBApPSIIH Ha TPU OCHOBHM THIIA TTOYBHU B bhyrapus:
1. Cserna anyBuanHo-aenyBuaiHa auagHa nmouysa [IC-1, COOMET Ne 0001-
1999 BG, COJI Ne 310a 98.
2.  Csetna nuBagHo kanesneHa rmoupa [IC-2, COOMET Ne 0002- 1999 BG, COJ1
Ne 311a 98.
3. Cgemna amyBuanHo-aenyBuaiHa auaaHa nousa [IC-3, COOMET Ne 0003-
1999 BG, COJ] Ne 312a 98
[TouBuTe ca arecTUpaHu Ha AbP’KABHO U MEXIYHAPOHO HUBO U BIMCAHU C HOMEpA.
[Ipu moaroroBkara Ha MpoOUTE 3a aHAIM3 0sXxa M3MOJ3YyBaHU 4 OT Hal-4eCTO
M3MO0JI3yBaHUTE METOJU 3a npobdomnoarotoka: ISO 11466 [4], ISO 11047[5] -EPA
3051 [6] m EPA 3052 [7].

PE3YJIITATHU U JUCKYCUSA

Pesynrarute ot omnpenensHe cbabpxkanuero Ha Pb, Cu um Zn B TpuTE
cepTudUIIMpPaHu TOYBEHW 00pa3lM ca mpeacTaBeHu B TaOmmma 1. 3a oreHka Ha
KOPEKTHOCTTAa UM Ca HW3MOJ3YBaHH 3 OOIIONPUETH KPUTEPUU KAKTO CIIC/IBA:

1. D=X-Xcrm, KbAeTO X € U3MEPEHATa CTOMHOCT, a XcrMm - CepTUUIIIpAHATA
croHoCT. IIpu croitHOCTH Ha D B rpanumure + 26, KbIETO G € CTaHIAPTHOTO
OTKJIOHEHUE Ha cepTU(UIIMpaHaTa CTOMHOCT, PE3yATaThT ce Mmpuema 3a JA00bD,
npu -36 <D <30 - y10BIE€TBOPUTENIEH, & U3BBH IPAHUIUTE T 3G pe3ynTaThT €
HEYJOBJIETBOPUTEJICH.

2. D% = D/ Xcrm 100 - mpomentna paznuka. [Ipu croiinoctu Ha D % B
rpanuiute £ 2006 / Xcry pe3yaTaTsT ce npuemMa 3a 1o0bp, npu -2006/ Xcrm <
D < 3000/ Xcrm - yaoBierBoputelieH, a m3BbH rpaHunute *+ 3000/Xcrm
PE3YATATHT € HEYAOBIETBOPUTEIICH.

3. Z=X-Xcrm/ o.llpu croitHocTn Ha Z < 2 pe3ynrarsT ce npuemMa 3a A00bp,
npu 2 < Z < 3- YyJOBIETBOPUTENIECH, a mnpu Z > 3 pe3yiararbT ¢€
HEYJOBJIETBOPUTENICH.
3a mo-lmecHa TpereHKa e(PEeKTUBHOCTTA HA  pPa3IMYHUATE METOAHM 34

npoOonoAroroBka cMe BbBenu U K - kputepuii, mokasBaill CTEIIEHTa Ha U3BIMYAHE HA
eJIeMEeHTa B MPOLIEHTH OT cepTuduimpanara croiHoct. Korato uamepenara CTOHOCT
X e B rpanuuute Xcrm tT Ucrm, KbIETO Ucrm € HEONPENEIEHOCTTa Ha
cepTuduIMpaHaTa CTOMHOCT, mpueMame crerneH Ha u3pnudade 100 %. BpB Bcuukm
OCTaHAJIM CJTy4au CTEIeHTa Ha u3BiauJaHe ¢ paBHa Ha X / Xcry - 100.
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Tabonuna 1. Egexmusnocm na memooume Ha npobono02omoska npu onpeoeisine

cvovporcanuemo Ha Pb, Cu u Zn 6 nousu

X Uy ox | Xcrm | Ucrm | Ocrm D Z

Ilousa | MeTon | g/t g/t g/t g/t g/t g/t D, % K
Mnc-1 1 111.00 | 10.47 | 0.99 | 12048 | 5.20 | 3.55 | -9.48** | 7.87** | 2.67** | 92.1
Pb 2 107.00 | 10.06 | 1.07 | 120.48 | 5.20 | 3.55 | -13.48 | -11.19 | 3.80 | 88.8
3 99.00 | 9.31 | 2.08 | 12048 | 520 | 3.55 | -21.48 | -17.83 6.05 | 822
4 102.00 | 9.59 |3.37 12048 | 520 | 3.55 | -1848 | -1534 | 521 | 84.7
IncC-2 1 37.00 | 348 [ 0.56 | 51.21 | 5.09 | 1.34 | -14.21 | -27.75 | 10.60 | 72.3
Pb 2 37.00 | 348 | 0.81 | 51.21 | 5.09 | 1.34 | -14.21 | -27.75 | 10.60 | 71.3
3 35.00 | 329 [ 0.74 | 51.21 | 5.09 | 1.34 | -16.21 | -31.65 | 12.10 | 68.3
4 27.00 | 2.54 [ 1.97 | 51.21 | 5.09 | 1.34 | -24.21 | -47.28 | 18.07 | 52.7
nc-3 1 77.00 | 7.24 | 1.39 | 87.50 | 11.68 | 6.74 | -10.50* | 12.00* | 1.56* | 100
Pb 2 78.00 | 7.33 |2.57 | 87.50 | 11.68 | 6.74 | -9.50* | 10.86* | 1.41* | 100
3 76.00 | 7.14 | 1.75| 87.50 [ 11.68 | 6.74 | -11.50* | 13.14* | 1.71* | 100
4 68.00 | 6.39 | 0.82 | 87.50 | 11.68 | 6.74 | 19.50%* | 22.29** | 2.89** | 77.7
nc-1 1 49.10 | 4.62 | 0.20 | 50.00 | 2.00 | 1,85 | -0.90* | -1.80* | 0.49* | 100
Cu 2 4590 | 431 [ 0.21 | 50.00 | 2.00 | 1,85 | -4.10** | 8.20** | 2.22** | 91.8
3 36.30 | 3.41 | 0.36 | 50.00 | 2.00 | 1,85 | -13.70 | -27.40 | 7.41 | 72.6
4 43.80 | 4.12 | 0.15 ] 50.00 | 2.00 | 1,85 | -6.20 -12.40 | 335 | 87.6
nc-2 1 72.30 | 6.80 | 0.00 | 72.58 | 549 | 1,52 | -0.28* | -0.39* | 0.18* | 100
Cu 2 53.00 | 498 | 0.66 | 72.58 | 549 | 1,52 | -19.58 | -27.00 | 12.88 | 73.0
3 62.00 | 5.83 | 0.20 | 72.58 | 549 | 1,52 | -10.58 | -14.58 | 6.96 | 85.4
4 61.50 | 5.78 [ 0.20 | 72.58 | 549 | 1,52 | -11.08 | -15.27 | 7.29 | 84.7
IcC-3 1 53.40 | 5.02 | 0.11 | 53.80 | 2.30 | 1,33 | -0.40* | -0.74* | 0.30* | 100
Cu 2 43.70 | 4.11 [ 0.10 | 53.80 | 2.30 | 1,33 | -10.10 | -18.77 7.59 | 81.2
3 49.20 | 5.89 [ 0.25| 53.80 | 2.30 | 1,33 5.40 10.04 4.06 | 914
4 43.50 | 4.09 [ 0.10 | 53.80 | 2.30 | 1,33 | -10.30 | -19.14 | 7.74 | 809
Mnc-1 1 267.80 | 21.42 | 3.36 | 268.07 | 19.92 | 6.52 | -0.27* | -0.10* | 0.04* | 100
Zn 2 226.80 | 18.14 | 0.48 | 268.07 | 19.92 | 6.52 | -41.27 | -1540 | 6.33 | 854
3 236.60 | 18.93 | 0.12 | 268.07 | 19.92 | 6.52 | -31.47 | -11.74 4.83 | 883

4 - - - - - - - - - -
IncC-2 1 70.86 | 5.67 | 1.40 | 72.98 | 3.99 | 1.92 | -2.12* | -2.90* | 1.10* | 100
Zn 2 6230 | 498 10.23 | 7298 | 399 | 1.92 | -10.68 | -14.63 556 | 854
3 49.20 | 3.94 [ 0.05| 72.98 | 399 | 1.92 | -23.78 | -32.58 | 12.39 | 67.5

4 - - - - - - - - - -
IcC-3 1 122.46 | 9.80 | 0.59 | 125.56 | 11.68 | 6.74 | -3.1* -247* | 0.46* | 97,5
Zn 2 109.40 | 8.67 |2.44 | 125.56 | 11.68 | 6.74 | 16.16%* | 13.22%* | 2.34%* | 87,1
3 107.50 | 8.60 | 0.08 | 125.56 | 11.68 | 6.74 | 18.06** | 14.38** | 2.68** | 85,6

AN

Csc 3Be3aunuka ( * ) ca orOensizanu 100pUTE pe3ysiTaTd, a ¢ ABE 3Be3AMUKH  ( **) -
yIOBJICTBOPUTEIIHUTE.

B Tabn. 1. ca mpencraBeHH MOIMY4YEHUTE PE3yJTaTH 3a ChAbpP)KAHUE Ha OJIOBO,
MeJ U LIMHK B TPUTE MOYBEHU NMPOOH, MOATOTBEHU 3a aHAIM3 M0 YETUPHU Pa3IUUHU
HauuHa — (1) ISO 11466, BximrouBaiio o0padboTka Ha MpooOHTE ¢ Iapcka Boxa, (2) ISO
11047, BxirouBario o6padotka Ha mpodbute camo ¢ HNOs, (3) EPA 3051 u (4) EPA
3052 — MUKpOBBJIHOBA MOATOTOBKA Ha npodute ¢ HNO;3 B mbpBuUs ciydail U cMec OT
HNO;, HF, HCI u H,0, BB BTOpus ciay4ail. OT nmpeacTaBeHUTE PE3yJITaTH Ce BIDK/A,
Yye CTENEHTa Ha W3BIMYAHE 3aBUCU KaKTO OT ONpPEICSHUS €IEMEHT, Taka U OT TUIa
Ha U3MoJ3yBaHaTa nmouBa. CTeneHTa Ha W3BJIIMYAaHE HA OJIOBOTO Bapupa oT 52.7 1o
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100 %. Karo nomunupain (pakTop B TO3U Clydyail ce ouepTaBa noyBeHus tuil. JlokaTo
npu [IC — 3 u3BIMYAHETO W MO YETUPUTE METOJA € M'BIHO WM 3aJI0BOJUTEIHO, TO
npu [IC — 2 HsAMa HUTO €auH 3a0BoJUTENECH pe3yaTar, a [IC — 1 3aema MexIuHHO
MSICTO.

CrenenTa Ha U3BIMYaHEe Ha meaTa Bapupa oT 72.6 1o 100 %. B To3u ciydaii
JOMHUHHpaIl (PakTop € METOAbT Ha mpobdomnoaroroBka. CaMo M3MOJI3YBaHETO Ha
apcKa BOJIa OCUTYPSIBA ITBJIHO U3BJIMYAHE HA MEJITAa U OT TPUTE TUIIA TOYBH.

[{uHKBT € YyBCTBHUTENIEH KaKTO KbM METOJ]a Ha MPOOOMOArOTOBKA, TaKa U KbM
tuna nousa. HeroBoro u3Biaumuane Bapupa ot 67.5 mo 100 %. OdeBuaHO Haii-
MOAXO/IAIIO U B TO3M CiIy4yaid € M3IMO0JI3yBAHETO HAa Lapcka BoAa. Bcuuku pesynratu
3a [1C — 3 ca no6pu u 3apoBoautesnsy, aokaro npu I1C — 1 u IIC — 2 npeobnanasar
HE3aJIOBOJINTEITHUTE pe3yJTaTu. BeposTHaTta mpuumHA 32 TOBA € pa3IuyHuTe GOPMH
Y HAaUMHU HA CBBpP3BaHE HA IIMHKA B PAa3IUYHUTE TUIOBE MouBHU. M3sicHSIBaHETO Ha
TO3H BBIIPOC, KOUTO Kacae BCUUKH €JIEMEHTH, U3MCKBa (PpakIIMOHUPAHE HA TTOYBATa U
OTpENICNIIHE ChIBPKAHUETO Ha €JIEMEHTUTE BBB BCSKAa OT OCHOBHHUTE (Ppakuuu —
oOMeHHa, kapOOHATHA, OpraHUYHA, OKCUHA U CUJIMKaTHA MaTpHIIA.

3AKJIIOYEHUE
CpaBHeHM ca 4 OT HaW-IIMPOKO M3MOJI3yBAaHUTE METOAM 3a IOATNOTOBKA Ha
MOYBEHU MPOOU 3a aHAIN3 HA MUKPO €JIEMEHTH. Y CTAHOBEHO €, Ye:

1. CreneHTa Ha W3BJIMYAaHE HA W3CICABAHUTE EJIEMEHTU € PA3JIM4YHA U 3aBUCHU
KaKTO OT METOJia Ha MPOOONOATr0TOBKA, TaKa U OT MTOYBEHHUS THII.

2. Ilpu ompenensiHe ChIBPKAHUETO HA OJIOBO JOMHUHHpAl] (PaKTOp € MOUYBEHUSAT
THUII, JOKATO IMpHU ONPEIEISTHETO Ha MEATa — METOABT Ha mnoArotoBka. Ilpu
LMHKA BIIMSIHUETO U Ha JABaTa (akTopa € ChLIECTBEHO.

3. OmeHkara Ha rpaHULUTE HA MPUIOKUMOCT Ha METOAMTE 3a MPOOONOArOTOBKA
U3MUCKBa (PpaKLMOHMpPAHE Ha IOYBaTa U OIpPENEIsHE DPA3NPEACICHUETO Ha
€JIEMEHTUTE B PA3INYHUTE QpaKLUU.

JUTEPATYPA:

1. M. Cave, O. Butler, J. Cook, M. Cresser, L. Garden, D. Miles. JAAS, 15: 181-
235 (2000)

2. M. R. Cave, O. Butler, S.R. N. Chenery, J. M. Cook, M.S. Cresser, D. L.
Miles. JAAS, 16: 194-235 (2001)

3. M. Rose, M. Knaggs, I. Owen, M. Baxter. JAAS, 16: 1101 — 1106 (2001)

4. EPA 3051 (1994)

5. EPA 3052 (1996)

6. ISO 11466 (1995)

7.1SO 11047 (1998)

20



IIJIOBJUBCKU YHUBEPCUTET ,JIAMCUI XUJIEHIAPCKU“ — BBJIT APUS
HAVYYHU TPYJIOBE, TOM 33, KH. 5, 2005 — XUMUA
UNIVERSITY OF PLOVDIV ,,PAISII HILENDARSKI* - BULGARIA
SCIENTIFIC PAPERS, VOL. 33, BOOK 5, 2005 — CHEMISTRY

DETERMINATION OF DISPERSE AZO DYESIN INDUSTRIAL
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ABSTRACT

In the present work qualitative and quantitative determination of synthetic azo
dye compounds containing with complex mixtures in textile based industrial
wastewater 1s proposed. Study has been carried out in a three different stage: 1.
Sample handling 2. Extraction 3. Measuring. Samples were collected by traditional
methods. Because of low solubility of dispersed dyestuff in water, for the extraction
of analyte different techniques were applied i.e. liquid-liquid extractions, acid-base
extractions and solid phase extractions. Better recovery was achieved with CH,CI,
liquid-liquid extraction 99.89%. Determinations were performed using analytical
techniques: TLC, UV-VIS, and HPLC-UV. Disperse Red 73 called dyestuff was
determined in wastewater both qualitative and quantitative.

INTRODUCTION

A great number of synthetic organic chemicals have been released to the
environment via industrial activities. Dye classifications is based on the major
functionality of the dye, the main classes being azo, anthraquinone, polymethine,
phthalocyanine, sulphur, aryl-methane, stilbene and coumarine dyes [1]. Azo dyes are
used by a wide number of industries. Textile industry predominantly use them, this
class of compounds can also be present at pharmaceutical, paper and printing, leather
and cosmetic industries. Diverse application areas give them majority in wiev of
environmental health. Because of these compounds have recalcitrant nature and
structural integrity under relative mild environmental conditions such as sunlight, pH,
bacteria, and microbial degradation [4]. According to recent information the textile
industry is the largest consumer of these products and there is continual demand to
develop more applicable dyes. The development of synthetics fabrics such as nylon,
lycra, rayon and polyester has required the production of new dyes that can
effectively bond to these materials. The U.S Department of Commerce has predicted
a 3.5 fold increase in textile manufacturing between 1975 and 2020.Investigations
indicates that approximately 12% of the textile dye used each year is lost to waste
stream during manufacturing and processing operations and that of those losses will
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enter the environment through effluents from wastewater treatment plants. The
determination of dyes in environment poses special problems because of their
structural diversity. These products are consisting of different chemical compounds
with much chemical functionality. In case of azo dye effluents exist in natural and
wastewater it cold be carry potential health risk due to carcinogenic aromatic amines
(Toluidines, Benzidines, Anilines) as a reduction products of dyes. Azo dyes have
been known to resist effective biodegradation in aerobic conditions, and the
recalcitrance of azo dyes has been attributed to azo bonds. Therefore, the detection,
identification and quantification of azo dyes in wastewater at low levels is important
for the protection of environment.

MATERIALSAND METHODS

Disperse azo dyestuffs used as a standard during measurements were purchased
from Setas - Chemical Co.Ltd./Turkey. (Disperse Red 1, Disperse Red 13, Disperse
Red 73, Disperse Red 167, Disperse Blue 79). Commercial grade dyes were purified
with Soxhlet extraction using toluene solvent for 24h before using then 100 mg/ml
stock standards were prepared in methanol.

Sample handling

Samples were taken from textile effluent streams down to discharge pipes open

(Industrial region Corlu-Cerkezkdy).
Separatory funnel Liquid-Liquid extraction and acid base extractions were
performed, better recovery efficiency 99.89% was achieved with methylene chloride
(6x30 ml) for Disperse Red 73 determined in study. Solid phase extraction performed
with Amberlite XAD-2 non-ionic resin (co-polymer divynil-benzene) show no
significant result. To eliminate matrix interferences cheap and simple separation
method was employed. Extracted samples were eluted through silica gel bed
chromatographic column with solvents having different polarity (n-hexane, diethyl
ether, methylene chloride, methanol) in order of increasing polarity. Formed colored
fractions then separated and saved.

M easur ements

* Qualitative analysis: Saved fractions and stock standards were applied on TLC
and most suitable solvent mixture was found as a (n-hexane; methylene chloride;
diethyl ether, 2:4:1). Similarity between Rf values of sample fraction and Disperse
Red 73 standard was pointed out using TLC. Sample spot was digged and dissolved
in methanol and verified again standard on dual-beam UV-VIS spectrophotometer
Shimadzu UV-1601 (10 mm cell length, methanol solvent).

* Quantitative analysis was performed using HPLC-UV under conditions:
Reverse phase C;3 Hypersil column, Mobil solvent CH;0H/H,O (60%: 40%) with
gradient elution. Flow rate: 0.8 ml/min. Detection wavelength 254 nm. Disperse Red
73 standards at concentration 3 ppm and 10 ppm from stock solutions (Fig. 2) and
(Fig.3), water sample (Fig.4) HPLC chromatograms were obtained. To avoid solvent
peak overlap in chromatograms, methanol chromatogram was also obtained. (Fig. 1).
Concentration of Disperse Red 73 in wastewater sample was determined with major
peak area calculation that ranged at Rt (retention time) 3.750-3.770 min for 10 ppm,
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3.452-3.732 min for 3 ppm and 3.753-3.769 min for sample. Using area under peak
centered at Rt 3.70 min, Disperse Red 73 concentration was calculated 0.091 mg/L.
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Figure 1. Solvent (CH;OH) HPLC-UV chromatogram

STD3PPM,INj1, UV1000 254nm

2.0 =4
& LB =
A %‘38388§
| ESEESEEEEE
20 ]\ $SS88388
‘ = S L=
\ BERBTEEE
— 2.0 | =
2 0
s | = ==
= | \ EE=E2gSZ8
1 |
1.0 H

1617

i
|
> | \
A:)KL/ 3 fot EEESS8E
\‘ EQ — — e N o5
0.0 Lo\ L=t T~

oo ols 1o 1's  =2o s alo als alo as slo g ______ =

2
Minutes SSSS552

e 2.Standart Disperse Red 73 (3 ppm) HPLC-UV chromatogram

1
sx
i

Figur

STD1O0FPM.INj1, UV1000 Z254nm

8
1z é
1 3EEEREE
1o l ES98S3338
R ! FEE=HE~EY
2 i
7 1 EZEsEgsgs
) “ ESS53858

S 1111111

Figure 3. Standart Disperse Red 73 (10 ppm) HPLC-UV chromatogram
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Figure 4. Water sample HPLC-UV chromatogram
RESULTS

In evaluation of UV spectrum after applying TLC, narrow absorption band
around 200 nm shows that structures have got an aromatic ring, by analyzing
composition of the near visible region, spectrum also shows an (-N=N-) azo
chromophore at 280 nm. In visible region 506 nm, absorption band proof presence of
conjugated system. In the results of HPLC-UV chromatograms, we observed
unidentified impurities. The main problem to come across was other pollutants and
this matrix was eliminated with useful silica gel column. End of this purification
methods, we obtained many colored fraction and these fractions gave us idea about
pollution level with dyes.

Although determination of pollution in waste and natural water is made with
lower detection using sophisticated instruments such; LC-MS, LC-MS-MS, GC-MS
these applications requires experienced stuff and high cost. Despite relative low
concentrations were found in wastewater, when huge amount of discharge was taken
into consideration seriousness of pollution level can be estimated.
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CbAbBP/KAHUE HA KOEH3UM Q10 B XPAHUTEJIHAU
JOBABKH U KOSMETUYHU ITPOJAYKTH
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ABSTRACT

Seven dietary supplements and cosmetics with CoQ10 contents was analysed. It
was found an influence of kind of matrix on the sensibility of the method.

Keywords: HPLC, CoQ10

YBOJ
Koenzum Q10 (YOuXuHOH) ce mpou3Bexkaa B MaJIKU KOJIMYECTBA OT OpraHu3Ma,
a B IIOBEYETO CiIy4yau ce HabaBs ype3 XxpaHara.

O
CH30 CH3
CHo—H
CH30
O CH3z 110

Toii e 3BeHO OT Bepurara Ha aepoOHO OKHUCIEHHE Ha CyOCTpaTure B
onosioruyHaTa OOMsIHA, KBICTO HWrpae poJjis Ha penokcu aBovika (1). Ilopamm
xuHOHOBUA cu cTpoexk Koensum Q10 (CoQ10) mpurexaBa u CBOHCTBa Ha
aHTHOKcUJAHT. Toll cBBbp3Ba CBOOOAHUTE paJWKAIU, MPEIU3BUKBAIINM Pa3IU4YHU
ThKaHHU U opraHHU yBpexaanus (1, 2). Konuenrpauusta Ha CoQ10 B mia3mara e
MSIpKa 32 OKMCJIMTEJNIEH CTpeC Ha opranusma (3), mopaau KOeTo TOM ce mpuiiara KaTo
TEpareBTUYHO CPEACTBO IPHU JICUEHUE HA PAKOBHU 3a00JIABaHUSA. Y CTAaHOBEHO €, 4e
Ipu TanUeHTH ¢ pak Ha Oemus npo6 HuBoTO Ha CoQ10 B KpbBTa € MHOTO HHCKO
(4,5). Hoka3zaHo e, ue neyenurero ¢ CoQ10 ctumynupa UMyHHATa CUCTEMA, TOBUIIABA
HUBOTO Ha aHTUTENATa, aKTUBHOCTTa HAa MUKpodarute u T-KIETKUTE U yBeJIn4yaBa
YCTOMYMBOCTTA cpelty UHpekuuu (6).

[Ipe3 mocnenHuTe TOAMHM C€ TPOBEXKIAT W HW3CIEABAHUS 32 BBHHIIHO
npuioxenue Ha CoQ10 (7). JokaszaHo e, 4e mpoiechT Ha cTapeeHe u porocrapeeHe

4. 25



C. Qumumposa, JI. Jlykanos

Ha KOKaTa ce IbJIKU U Ha HamasieHO chabprkanue Ha CoQ10, koito 3aeano ¢ Vit E u
Vit C usrpaxja ecTeCTBEHaTa aHTHOKCHJIAHTHA 3allliTa Ha Koxkata. CbIbpXKaHUETO
Ha Koensum Q10 B enuaepmuca € I€CET MbTU MO-BUCOKO OTKOJKOTO B JA€pMara H
HaMaJIsgBa C HAIlpEJBaHE HAa Bb3pPaCTTa.

C ornex nmogoOpsiBaHe aHTUOKCUJAHTHUS OallaHC B OpraHU3Ma Ce MPOU3BEKAAT
CoQ10-chabpxkaniy XpaHUTEIHU J00ABKH U KO3METHYHU NPOAyKTU. [loHacTosiem
Ha HaIIWs ma3ap TakuBa ca uznenusta Ha dupmure Walmark, Borola, Specialbalance,
Nivea, Aroma, Rosa Impex, Solvex. Cnex 2007 r. BCHMYKHM TOJOO0HU MPOIYKTH
IIPOM3BENICHU B bbirapus ciensa 1a OTroBapsaT Ha U3UCKBaHUATA Ha EBporeickara
areHuus 3a XpaHu U JekapcTBa. ChriaacHO TIX OTPa3sBAHETO HAa KOJIUYECTBOTO
Koen3nmQ10 B Te3n MpOAYKTH € 3aIBIKUTEIHO.

BbB Bpb3Ka ¢ ToBa ca pazpaboTeHu Metoqu 3a aHanu3 Ha CoQl10 B paznuuHu
marpunu. Taka Hanpumep mscneasane Ha CoQl0 B rurazma e onmcano ot Peter H.
Tang u xonexktuB (8). Cnen TeyHO-TEUYHA EKCTPAKIUS OT IUIa3Mara KOJIUYECTBOTO
CoQ10 ce ompexnens upe3 HPLC-texHuka ¢ kosiona Microsorb-MV, nonsuxna ¢aza-
METAHOJI : XEKCaH : M3OIMpOMAaHOJ : HAaTPUEB aleTaT : JeJEeHa OleTHAa KUCEJIHHA.
Grossi G u xonektuB (9) m3nomsBar konoHa Chromalith RP-18e, monsmwxkHa ¢haza
anetoHuTpua : Meradon : eraHon (30:30:40) m gerexkuums npu 275nm wHa UV
nerexkrtop. Taylor S. (10) mpumara Merofga HpU CPaBHUTENHO pasriekaaHe Ha
HSKOJIKO BHJIa XpaHHTENIHH no0aBku ¢ kojioHa Altima C18 3u 150mm x 4.6mm,
noaBwKHA (Daza xekcad : Meranous (25:75). OmnpenensHeTO OTHOBO C€ W3BBPIINBA
npu 275nm .

[lenTa Ha HACTOAIIOTO MU3CJIEABAHE € KOJUYECTBEHO OMPENEISIHE ChAbPKAHUETO
Ha CoQl0 B KO3METMYHM MNPOAYKTH M XPAHUTEIHHU NOOABKM OT HAIUM U YUYXKIH
npou3BojuTenu. M3ydyeHo € u BIMSAHUETO HAa MaTpuilaTa BbPXY HUBOTO Ha Ipara Ha
onpenensine Ha CoQ10 B KO3METUYHU KPEMOBE.

MATEPUAJIN U METO/IN
AHanu3upanu ca ciaegHute xpanutennu godasku: Koenszum Q10 (Walmark)-
xkenatuHoBu Karcynu, Oxcubop ¢opre (Borola) — tabnerku, Cell Power

(Specialbalance)-pazTBopuma cyOCTaHIIUSI U KO3METHUYHHTE TMPOIYKTH TPOTUB
oppuku okoio ouu ot cepuute: NIVEA VISAGE (NIVEA), Q10 (AROMA),
REGAL (Rosa Impex), ELEA Q10 (Solvex).

AHaIM3BT C€ U3BBpIIBA cieja MnpenapurenHa  ekcrpakuus Ha CoQl0 c
u30Mpornanoi. 3a nenra ce nperenst mo 0,5g oT mpoaykra (karcyna, Tabierka,
pa3TBopuMa cyOcTaHuMs), 100aBAT ce 8ml u30mponaHon, NPEXBBPIAT CE€ B
HeHTpo(y’)Ha enpyBeTKa u ce appkar 3 min mpu 40°C Ha Boana 6anst. Boprekcupa
ce 1 min, crmeq koeto ce nentpodyrupa 5 min mpu 3000 obopora/min. OpraHUIHUAST
€KCTPaKT Ce OTJIMBA B MEPUTETHA KOJ0a OT 25ml, a TBpAMSIT OCTaThK ce 00paboTBa
NOBTOPHO TIO CHINMA HadywWH. J[BaTa eKCTpakTa ce OOEAMHABAT WU CE€ JOJHMBAT [0
MapKaTa ¢ U30MpOIaHoI.

OT KO3MeTHYHUTE KpeMoBe ce mpererisi mno lg u ce obpaboTBa 1O
ropeonrcaHusi HauKH.
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Cvovporcanue Ha koenzum Q10 6 xpanumennu 0006asKu...

Omnpenensinero craa ¢ HPLC- cucrema (Varian Pro Star) ¢ UV perekrop.
N3noms3Bana e komona Omni Spher5 C18 (250 x 4,6 mm x 1,4) u noaBmxHa (a3za-
METaHOJI : N-XEKCaH : HW30IPOMAaHON (CMECEHH NpPEIBAPUTEITHO B CHOTHOIICHHE
70:25:5) u ckopoct Ha notoka 1,2 ml/min. Jlerekuusita ce u3Bbpiu npu 270 nm.
KonuuecTBeHOTO ompenensiHe cTaBa IO METOJa Ha CTaHAapTHATa MpaBa MOCTPOCHA
mo 6 paszrBopa ¢ koHueHtpauuu 0,1; 1; 5; 20; 50; 80 ug/ml uymnct Koenzum Q10.
[Ipenn umxexkTupane pasrBoputre ce punrpysat npe3 mukpobunaTsp (0,20um). Karto
eIyeHTH ca wu3noia3BaHu MmetaHon cyneprpaaueHT (Labskan Ltd), n-xekcan wu
u3orpomnanon 3a xpomartorpadus (Merck), Koensum Q10 e noctaBen ot Sigma.

PE3YJITATHU U OBCBHKJIAHE

Ta6auna 1. Koruuecmsa CoQ10 6 uzcnedsanume npooyKkmu

Koenzum Oxcubop CellPower NIVEA Q10 REGAL ELEAQI10
pOyKT Q10 ¢dopte (Special VISAGE (Aroma) (Rosa (Solvex)
(Walmark) (Borola) balance) (Nivea) Impex)
Koensum
Q10, % 3,2000 0,5400 0,5700 0,0256 0,0035 0,0008 0,0002

Haii-Bucoko ceabpxkanue Ha CoQ10 ce nabmonasa B npenapata Koenszum Q10,
KOWTO mpeacraBisiBa pa3TtBop Ha HarypaieH CoQl0 B coeBo macno. Hamepenoro
ceabpkanne (3,2000%) TouHo oTroBapsi Ha OTOENsA3aHOTO Ha omakoBkata. OcCBeH
CoQ10 B Oxcubop dopte (npecopanu tadnetku) u CellPower (pa3TBopuma maca) ce
ChABPXKAT B-KapoTeH, a-TOKO(epos1, ackopOMHOBA KUCENMHA, ME, IIMHK, MarHe3uil u
np. B mocnegnute nBa mpoaykra oTdereHoTOo KoiumdectBo CoQl0 e choTBEeTHO
0,5400% wu 0,5700% - 1Ba MBTHM MO-MAJKO B CPAaBHEHUE C IMOCOYEHOTO OT
MIPOU3BOUTEIIA.

mAU f
25|

20

15
CoQ10

101

I I I I I I I I

1 2 3 4 5 6 7 8 9 min
®@urypa 1. Xpomamozepama na CoQ10 uzeneuen om NIVEA VISAGE

B wu3cnenBanute kpemoBe (MPOTHUB OpPBUYKKA OKOJO OYM) ChABPKAHUETO Ha
CoQ10 Bapupa B rpanunure ot 0,0002% (ELEA Q10) mo 0,0256% (NIVEA
VISAGE) — ¢ur. 1. Ilpu yetupute aHanu3upaHu KO3METUYHU MPOJYKTa c€ HaOIIO-
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JaBaT MHOXKECTBO XpOMATOrpa)CKM  NUKOBE, ABDKAIM CE€ HAa ChIBTCTBAIIM
BELIECTBA W3BJIEUEHU OT M3OIpornaHoia. VM3BecTHO e, 4e B chCTaBa Ha KPEMOBETE
Hapea ¢ CoQ10 Bnu3aT u Apyru akTUBHU CYOCTaHIIMHM ChC CTPOEK U MOJIEKYJIHA Maca
omu3ku 10 Te3um Ha yOuxuHoHa. TakuBa ca Vit A, Vit E, apomaruszaropu,
CTaOMIIM3AaTOPHU. 3a BCEKH OT KPEMOBETE OpOSIT UM € pa3iIMyeH M 3aBUCU OT ChCTaBa
Ha KpeMoBaTa MaTpuila 1 € pupMeHa perenra.

C ornen wu3yuyaBaHe BIMSHHETO Ha MaTpuliaTa BbPXY BB3MOKHOCTTA 3a
konnuectBeH aHanu3 Ha CoQ10 6sixa mpoBenenu peauiia onutu. [Ipurorsena oere u
T. Hap. HaToBapeHa mpolba, ceabpxkama 1% CoQ10. Cnen paspaboTBaHeTO ¥ IO
M3II0JI3BaHaTa MeToJauKa u3BIIeYeHOTO KoiauuecTBO CoQ10 chBmagHa ¢ BIOKEHOTO.
SBHO €, ye mpHU KO3METHUYHHM MPOAYKTH, ChAbpXKaIM Maylku kosndectBa CoQl10
CBIIBTCTBAILIUTE BEIIECTBA CUJIHO IpedaTr Ha aHanu3a. HuBoTO Ha ompenensemus
MuHUMYM Ha CoQ10 HapacTBa, a YyBCTBUTEIIHOCTTA HA METOJA CHajA.
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MODELING OF LOGP FOR HYDROCARBON COMPOUNDS
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Bulgaria, Plovdiv 4000, Tsar Assen St. 24, University of Plovdiv,
Department of Analytical Chemistry

ABSTRACT

A method for calculation of partition coefficient LogP is introduced. The
method is based on an atomic additive scheme. LogP value is obtained as a sum of
individual contributions of each atom of the molecule. The atom contributions called
increments correspond to atom classes derived on the base of local atomic properties.
Increment values are calculated by means of linear regression applied for a set of
hydrocarbon compounds. Test results are presented and discussed.

Keywords: QSPR, QSAR, additive scheme, linear regression

INTRODUCTION

One of the main problems chemists try to solve is to create chemical compounds
with particular properties. This problem implies the fundamental tasks to find
relationships between structures and their properties. Chemoinformatics brought
these methods to a new level where quantitative characterization of these
relationships is made by approaches known as QSPR/QSAR (Quantitative Structure
Property/Activity Relationship). QSPR/QSAR models are generally based on the
abstract equation:

Biological Activity =F(Structure, parameters) (1)
LogP is one of the widely used parameters in the QSAR modeling [1]. Knowing
logP value for a particular compound is a must for calculating other important
molecular characteristics. LogP is defined as a decimal logarithm of the ratio of

equilibrium concentrations of particular compound in heterogenic system n-
octanol/water:

IOgP = hllO(Cn-octanol/ Cwater) (2)

29



Nikolay T. Kochev, Ognyan Pukalov, George N. Andreev

The experimental methods for LogP determination have some disadvantages:
significant technological time, sensitivity to polluted samples, complications with
surface-active compounds. Another important argument is the fact that in many cases
LogP should be determined for a compound which is not synthesized yet. Having in
mind that there are about 30 000 compounds with known logP values and a number
of 20000000 potential target compounds the need of a theoretical method for LogP
calculation is obvious. There are several approaches for logP prediction. Most of
them present logP as a linear or non-linear model of a set of different molecular
descriptors: topological descriptors, 3D-descriptors, electron descriptors, quantum-
mechanical descriptors. Additive modeling methods [2] are particular case of the
linear ones. The modeled property is obtained additively by adding the contributions
of each compound fragment (in this case having the role of a descriptor). An
appropriate scheme should be created where the compound is fragmented and each
fragment is assigned an increment value. In this paper we present an additive scheme
successfully applied for modeling of logP.

LOGP ADDITIVE SCHEME

The molecule fragmentation scheme is based on atomic fragments. The latter are
represented by categories of atoms where each atom category A[n,b2,b3,r] is defined
by 4 parameters: A — atom type, n-number of neighbors, b2-number or double bonds,
b3-number of triple bonds, m® - number of pi neighbor atoms (i.e. atoms which
participate in a pi-electron system). The logP model is obtained as follows:

logP,,,, = Z Manb23.2]] Al b2.63.2] (3)

Iamnb2,63,7 18 the increment (contribution) for category A[n,b2,b3,m]. mapmb2b3.4 1S the
number of atoms of type A[n,b2,b3,7]. mapmp2b3r 1S derived as a descriptor for each
compound (it is directly obtained from the structure). Iapp2p3- values determine the
model and they are to be calculated by means of a linear regression applied for the
training data set.

a) b) ©)
4000 H H H
oy 714000) N ooz | /M
S jc=cror] 4 e ¢
—Cc—C=- —~" N Na
N T T H _C=C 4 ¢ H
" L

Figure 1. Different types of atom categories (atomic fragments).

Figure 1 illustrates some atom categories. In case a) there are only two types of
atom fragments which are characteristic for all alkanes: H[1000] and C[4000]. For
example C[4000] stands for a carbon atoms which has 4 neighbors (i.e. sp’
hybridized carbon), 0 double bonds, 0 triple bonds and 0 pi neighbors. Case b) shows

30



Modeling of LogP for hydrocarbon compounds

the other possible category of hydrogen atom H[1001] i.e. hydrogen atom connected
to a pi atom. Case c) demonstrates that atomic code describes the first atom layer of
the atom and partially the second one. C[4002] stands for a sp> hybridized carbon
which is connected with two other sp” or sp hybridized carbon atoms (i.e. in the
second atom layer there are double or triple bonds). Carbons participating in triple
bonds can be described by the code C[2010]. A special simplified case of eq. (3) can
be obtained for all alkanes having n carbon atoms (C,H»,+,):

10gP = H.IC[4000] + (2Il+2).IH[1000] 4)

MODEL CREATION

The model was created with software JBSMM (Java Based System for
Molecular Modelling) developed in our laboratory. JBSMM is specially designed for
representation of structures, for calculation of molecular descriptors and creation of
models of the type of eq. (1). To obtain the logP model from eq. (3) the values of
increments Iapmpobsn have to be determined. Next figure summarises the model
creation process.

Selection of training data set: pairs of the type (Str, logP)

Fragmentation of the structures. Determination of the atom categories.
Calculation of map 23,7 fOr each atom and each category. Forming matrix M.

|

Linear regression analysis. Solving equation M*1 =L
Determining the increments vector 1.

Figure 2. Flow chart of the model creation with the aid of software JBSMM.

Training data set was formed by 40 hydrocarbon compounds (alkanes, alkenes,
alkynes and aromatics). The logP experimental values were taken from SRC
PhysProp online database [3].

RESULTSAND DISCUSSION

Table 1. Increment values for the logP model

Atom | H[1000] | H[1001] | C[2010] | C[3101] | C[3102] | C[3103] | C[4000] | C[4001] | C[4002]

Incr. 0.317 -0.225 -0.132 1.081 0.578 0.175 -0.108 -0.667 -1.153

Table 1 shows the obtained increment values. They can be used directly to
predict logP values. For example the model can be applied for ethene (see Fig. 1b) as
follows: ethene structure is fragmented to 4 H[1001] atoms and 2 C[3101] atoms
hence IOgP = 4IH[1001] + ZIC[3101] = 4*(-0225) +2*1.081 = 1.262.
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R? = 0.9843
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LogP (experimental)

LogP (model)

Figure 3. Comparison of logP experimental and modelled values.

Figure 3 represents the comparison of the logP modeled values and the
experimental values. The square of the correlation coefficient is very high R* = 0.98.
The root mean squire error of the model is RMSg,,, = 0.11. Both statistical
parameters demonstrate the efficiency of the model which can be easily applied even
without a computer. The model predicts logP values close enough to experimental
ones. As it can be seen from equation (4) the additive scheme does not recognize the
different alkane isomers. The latter should not be considered as a big disadvantage
since in most of the cases the experimental logP values of the isomers differ each
other with values smaller than the mean model error.

As a future development, the presented logP model could be extended with
fragment categories describing hetero atoms. Then logP values could be predicted
for a wider set of organic compounds.
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ABSTRACT

A series of new 2-substituted isoquinoline derivatives were obtained from
tetrahydroisoquinolines and N-protected amino acids in the presence of
ethylchloroformate. The newly synthesized amides are with expected biological
activity.

Keywords: isoquinoline alkaloids, amino acids, synthesis, biological activity

INTRODUCTION

The biological activity attached to the isoquinoline nucleus has provided a great
deal of interest in the synthesis of isoquinolines [1-3]. Also the natural amino acids
derivatives, as benzyloxycarbonyl-L-tryptophan showed generally moderate
antagonist activity on tachykinin NK-receptors [4]. Different derivatives of
tetrahydroisoquinoline were prepared from fluorous benzyloxycarbonyl amino acids
[5]. Other derivatives were obtained from 2-phenylethylamides of benzyloxycarbonyl
glycine with following cyclization with POCl; by reaction of Bischler-Napieralski
[6]. Different amides with 2-phenylethylamines were obtained by reaction of Pictet-
Spengler with arylpiruvic acid [7].

RESULTSAND DISCUSSION

Interesting applications of amino acids and their derivatives in the synthesis of
tetrahydroisoquinoline and B-carboline alkaloids and related systems have recently
appeared in the literature. In a search of a new approach for similar synthesis of
derivatives with expected biological activity in this paper we investigated into
reaction of tetrahydroisoquinolines and different amino acids. We investigated the
synthesis of tetrahydroisoquinoline derivatives with different N-protected natural
amino acids. It is known that 2-phenylethylamines easily formed amides with
benzyloxycarbonyl glycine in the presence of derivatives of carbonic acid, as
ethylchloroformate or isopropylchloroformate. We applied this reaction for the
synthesis of amide of tetrahydroisoquinolines and benzyloxycarbonyl glycine. We
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assumed that when to the stirred and cooled dichloromethane solution of equimolar
amount of N-benzyloxycarbonyl-amino acid 1 and EtN in was added
ethylchlorophormate (or resp. isopropylchloroformate) dropwise, an anhydride was
formed. Then following addition of equimolar amount of tetrahydroisoquinoline 2 led
to carbon dioxide separation out of reaction mixture and obtained product 3 (Scheme
1) with high yield (70 %) and purity. By analogy we synthesized amides of
tetrahydroisoquinolines with of NH-protected with benzyloxycarbonyl L-alanine and
L-valine 3 and same derivatives of 3,4-dimethoxy tetrahydroisoquinoline.

O O O
g Oe@ g 0) g OE
— —0—C—OFt
COOH BN o NEG  cic00E
R— CH,Cl; Z10°C, 30min
1 NHCOOBz 10°C: NHCOOBz NHCOOBz
20min
R,
NH
R R,
R,
CHzClz; N 0
o ) R,
0°C; 30min 3
Ry
R ITIH
COOBz
Scheme 1
Table 1
Entry R Ry R, Yield [%]
3a H H H 70
3b CH; H H 72
3c CH(CH;), H H 75
3d H OCH; H 69
3e CH; OCH; H 70
3f CH(CHs), OCHj H 74

In conclusion we synthesized new derivatives of tetrahydroisoquinoline with
protected amino acids. The successful application of this method to synthesis
indicated to enlarge applications. These derivatives are with expected biological
activity and suggested method showed to application possibilities for the preparation
of unusual amides of alkaloids, as salsolidin, norcriptostilin, etc. The hydrolysis of
amide bond in the living organism led to separation of tetrahydroisoquinoline and
eliminated the amino acid residue, which doesn’t damage the organism.
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EXPERIMENTAL

Melting points were determined on a Boetius hostage apparatus and are
uncorrected. Unless otherwise noted, NMR spectra were recorded on a Bruker 250
MHz devise by using CDCl; as solvent. Chemical shifts (8, ppm) are downfield from
TMS as an internal standard and coupling constants are in Hz.

Amides of tetrahydroisogionolines with amino acids 3a-f; Typical
procesure: To a stirred and cooled (ice-salt bath) solution of equimolar amount of N-
benzyloxycarbonyl-amino acid and Et;N in dichloromethane was added
ethylchlorophormate dropwise at a rate low enough to keep the internal temperature
below —10 °C. After 5 min, a solution of equimolar amount of corresponding
tetrahydroisoquinoline in dry dichloromethane was added dropwise to the mixture,
the internal temperature being kept below 0 °C. When the addition was complete, the
reaction mixture was slowly heated to reflux and refluxed 5 min. The mixture was
allowed to cool to room temperature and washed with saturated aqueous NaHCO;
solution (2x50 ml) and water (2x50 ml) after the addition of CH,Cl, (100 ml).The
combined organic phases were dried (Na,SO,) and evaporated in vacuo to give
cristaline product, which was filtrated off, washed with Et,O, dried and recrystallized
from EtOAc or CH,Cl, (yield 70 %).

Supporting Information Available: Chemical characterization data is available
free of charge via the Department of Organic Chemistry.
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ABSTRACT

A number of 4-aminobenzophenones were obtained as compounds with
expected properties in non-linear optical techniques. These compounds possessed
interesting photochromic properties at different conditions (sun light irradiation,
solvents etc.). They changed their color from colorless to deep-red in solutions. Also,
these derivatives were needed as intermediates for the synthesis of benzodiazepine
derivatives and as compounds with expected antitumor activity.

Keywords: non-linear optics, p-Aminobenzophenone, Synthesis, Benzodiazepine
intermediates

INTRODUCTION

Non-linear optical techniques are developing towards the goal of integrated,
small-scale technology using high-intensity and broad spectrum band pass laser light.
Organic molecules with an open electron shell and a conjugated donor acceptor group
often have large polarizabilities and hyperpolarizabilities. Such molecules exhibit
non-linear optical properties. For these materials non-linear efficiency varies with
transparency since increasing the size of the conjugated electron system leads to a
lowering of the energy of the excited state and increasing colouration. A survey of
potential organic materials from this type using both theoretical and spectroscopic
assessment has revealed the general suitability of 4-aminobenzene-carbonyl
molecular types for this purpose [1].

The most promising material of this type is 4-aminobenzophenone. When
irradiated by laser light, compounds based on this type of molecule show second
harmonic generation, which has many technological applications in communications
and optical data storage.

Besides, some benzophenones possess biological activity as sultam derivatives;
e.g., antitumor, anticonvulsive [2] and activity against RNA virus hepatitis C [3].
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Benzophenone derivatives are widely used in sunscreen lotions for Ultra Violet
A (UVA) protection, also [4]. Benzophenone derivatives are useful for controlling
phytopathogenic fungi and fungi diseases. For example (2,6-dichlorophenyl)-(2,5-
dimethoxy-3-methylphenyl)-methanone; phenstatin, etc. have been found to be
cytotoxic agents. They showed excellent cytotoxic activities against a panel of human
cancer cell lines including multi-drug resistant cell lines [5].

RESULTS AND DISCUSSION

In view of these observations, we had to synthesize different
aminobenzophenones as compounds with expected biological activity and properties
in non-linear optics. Direct synthesis of these compounds by Friedel-Crafts acylation
involves problems. Some authors have obtained derivatives indirect [6] applied
Friedel-Crafts acylation of 4-nitrobenzoyl chloride with methoxybenzene. The
reduction of obtained 4-nitro-4-methoxybenzophenone gave 4-amino-4-
methoxybenzophenone. The Friedel-Crafts acylation of activated benzene rings in
the presence of polyphosphoric acid (PPA) is the most possible method for direct
synthesis of aromatic ketones [5,7]. In a search of a new approach for similar
synthesis in our previous reports we investigated into the reaction of carboxylic acids
with 2-(3,4-dimethoxyphenyl)-ethylamine (homoveratrylamine) and their derivatives
in PPA for preparation of some isoquinoline derivatives [8]. We found that the
reaction of equimolar amounts of homoveratrylamine with carboxylic acids in PPA
for 2h at 80°C afforded very conveniently the corresponding 3.,4-
dihydroisoquinolines in very good yields and purity. The same reactions can also be
carried out with esters and anhydrides of carboxylic acids. The successful application
of this way to synthesis indicated to enlarge applications opportunities. In this paper
we considered the possibility of acylation of benzene or some substituted benzenes 3
with 2- and 4-aminobenzoic acid 1 in the presence of PPA, which is a permanent
interest in synthetic application of us. We applied this reaction for the synthesis of 4-
amino-4-methoxybenzophenone at first. We assumed that when the dichloromethane
solution of 4-aminobenzoic acid was carefully mixed in the presence of PPA at 80°C,
the ammonium salt 2 was obtained. Then adding of methoxybenzene (anisol) into the
reaction mixture and heating for 2h led to product in the reaction condition (Scheme
1) with high yield (75 %) and purity. These results prompted us to continue our
research to prepare different benzophenones. By analogy we obtained benzophenones
4 of 2 or 4-aminobenzoic acid 1 and benzene derivatives 3. We found that
benzophenones obtained from 2- or 4-aminobenzoic acid and substituted benzenes
with activated aromatic rings were obtained with higher yields, than the same
products prepared with unsubstituted benzene.
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R 4
Ry
Scheme 1
Table 1.
R Ri mp,°C | Yield,%
HOOC H | 122-124 50
MeO H 105-108 | 75.08
NH,
MeO | MeO | 191-192 | 77.82
HoN H H 103-107 48
MeO H 78-80 75
HOOC ©
MeO | MeO | 74-76 77

The products 4 change their colour from colorless to deep-red in solutions.
Similar photoproperties have been reported for 4-methoxybenzophenone [9], 4-
aminobenzophenone [10], ketoprofen [11] in variety of solvents and pH values. For
example in air and under normal light conditions, 4-aminobenzophenone undergoes
color change from colorless to a deep-pink color [10]. Our pin-like crystals of
benzophenones undergo the same color changes in solution (ethanol, CHCI; and
CH,Cl,). We suppose that besides partial photolysis of the compound it undergoes a
partial enolization. The coloration of benzophenones could be explained with an
increasing the size of the conjugated m-electrons (in the enol form) leading to a
lowering of the energy of the excited state, which additionally increases coloration of
the compound.

In conclusion this property of benzophenones made them appropriate to use in
non-linear optics and in sunscreen lotions for Ultra Violet A protection. Besides
benzophenones were needed as intermediates for the synthesis of benzodiazepine
derivatives and were investigated in research laboratories of Hoffman-La-Roche [12].

EXPERIMENTAL

Melting point was determined on a Boetius hostage apparatus and was
uncorrected. Unless otherwise noted, NMR spectra were recorded on a Bruker 250
MHz devise by using CDCl; as solvent. Chemical shifts (8, ppm) are downfield from
TMS as an internal standard and coupling constants are in Hz. Polyphosphoric acid
was obtained from 85% phosphoric acid and P,Os (1:1 w/w).
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Synthesis of substituted 2- and 4-aminobenzophenones; Typical procedure:
3 mmol 2-aminobenzoic (resp. 4-aminobenzoic) acid were dissolved in CH,Cl, (3-5
ml) in an open flask and polyphosphoric acid (10 g) was added. Then 2 mmol of
benzene (resp. substituted benzene) was added. The mixture was stirred carefully at
80 °C for 2h, then poured on crushed ice. The solution was carefully alkalized with
ammonia, then extracted with CH,Cl, (3x20 ml) and combines extracts were dried
(Na,SO,4) and filtrated on short column with basic Al,Os;. The products, after
evaporation of the solvent, were purified by recrystallization from MeOH.

Supporting Information Available: Chemical characterization data is available
free of charge via the Department of Organic Chemistry.
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ABSTRACT
A new series of 1,2,3-trisubstituted 2-(2-oxoalkyl)-1,2-Dihydrobezimidazoles
have been synthesized and evaluated for their cytotoxic activity.

Keywords: a-Amidoalkylation, Synthesis, Benzimidazole, Cytotoxicity

INTRODUCTION

A great number of benzimidazole derivatives have been synthesized and
extensively investigated for their biological activity. The continually increasing
interest of this class of compounds related to their diverse biological activity.'” The
positions 1, 2 and 3 are the reactive centers of the benzimidazole molecule, which
dictate the chemistry and activity of benzimidazole derivatives. It is well known that
benzimidazoles exhibit antimicrobial’, antitubercular, anticancer, antihelmintic,
anticonvulsant and analgesic activities.

1,2-Dihydrobenzimidazoles with substituents at 1, 2 and 3 positions are not
easily accessible with the synthetic routes available in the literature. Several years
ago we reported a new approach to 1,2,3-trisubstituted benzimidazoles, using adducts
3 of benzimidazoles 1 and acyl chlorides as a-amidoalkylation reagents toward some
ketones.” It was found that adducts of benzimidazoles and ethylchloroformate reacted
with ketones as acetone, acetophenone or benzalacetone, affording the corresponding
2-(2-oxoalkyl)-1,3-diacyl-2,3-dihydrobenzimidazoles as a result of an intermolecular
a-amidoalkylation reaction. The present work describes the synthesis and cytotoxic
evaluation of 2-(2-oxoalkyl)-1,3-carboxyethyl-2,3-dihydro benzimidazoles.
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Herein we report an extension of the previous developed reaction, using
successfully adducts 3 as electrophiles in an intermolecular amidoalkylation reaction
toward substituted in the aromatic ring acetophenones (Table 1, 4e-g). The reaction
conditions were properly modified in comparison with the previously reported®,
allowing better yields of 5.

The target 1,2,3-trisubstituted 1,2-dihydrobenzimidazoles 5 were prepared by
the reaction outlined in Scheme 1. To equimolar amounts of benzimidazoles 1 and
ethylchloroformate an equimolar amount Et;N was added to afford the corresponding
N-carboxyethylbenzimidazoles 2, which were isolated and characterized. Treatment
of 2 with ethylchloroformate led to adducts 3 which exist in reaction mixture in
equilibrium of salt form and covalent structure.

R N

\> _Etococl_ \> EtOCOCI

EGN E
R R ITI
C

2
1 OOEt
COOEt O COOFt
I
1
—> M
R N R
COOEt > COOEt
Scheme 1
Tablel
5
Entr R R -
y L Yidd (%) | Mp (°C)
a |H Me 92 55-56
b [ Me Me 75 131-132
c |H CeHs 90 89-90
d | Me CeHs 70 144-145
e |H 4-HO-CeH, 95 150-151
f | Me 4-HO-CoH, 98 124-124.5
g | Me 4-MeO-C4H, 62 161-162
h |H CeH;CH, 70 81-81.5
i | H C,H;CH=CH 95 93-93.5
i Me CcHsCH=CH 72 141-142

An amidoalkylation reaction takes place with the chosen ketones 4, when added
in the reaction mixture, leading to the corresponding 2-(2-oxo-2-alkyl/aryl)-1,3-
dicarboxyethylbenzimidazoles 5 in good yields (Table 1, 5a-j). The reaction could be
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carried out as one-pot reaction, starting with one mole of 1, two moles of
ethylchloroformate and the corresponding ketone 4.

EXPERIMENTAL SECTION

Cédll culturesand cytotoxicity assay

Three cell lines: FL (normal human amniotic cells, ATCC CCL-62), RD (human
embryonal rhabdomyosarcoma, ATCC CCL-136) and A2058 (human metastatic
melanoma, ECACC 91100402) were used in the tests. The cells (density
1.10°cells/ml) were plated in cell culture flasks with a growth area of 25 cm® and
cultivated in liquid Dulbecco’s Minimal Essential Medium (Serva) supplemented
with 10% (v/v) normal calf serum, 100 IU penicillin and 0.Img/ml streptomycin in
Heraeus incubator at 37°C with 5% CO, in air and high humidity. Twenty four hours
later test agent (benzimidazole derivative 5) was added to give a final concentration
of 10* M and the cultures were incubated for another 96 hours. End-point
determinations of cell density were carried out every 24 hours by a standard
haegnocytometer chamber. Cell viability was measured using trypan blue exclusion
test”.

Biological Results

All synthesized benzimidazole derivatives were evaluated for cytotoxic activity
using three (1 normal and 2 tumor) cell lines /one dose (10™* M) assay. Most of the
tested compounds exhibited strong non-selective cytotoxic effect (5a, 5e) with
percentage of cell survival after 96 h treatment ranging between 0% and 10%.
Comparison between 5C and 5e showed that at least in that case the toxicity is related
to the presence of 4-hydroxyphenyl group in C-2 substituent. The structure-activity
relation was observed for the pair 5d -5b, but the effect was more pronounced and
not tumor-specific as significant reduction of growth of the normal cells was detected
also.

The most toxic among the tested compounds was 5a - even after 24 h incubation
no growth of FL, neither of RD or A2058 cells was observed. Replacement of methyl
group (5a) with phenyl moiety (5¢C) diminished this effect to a great extend.

Comparison of the activities of 5a with 5b and 5c with 5d would give some
insight into the influence of the 5,6-methyl groups on biological activity. However
the effect was not consistent, since 5b was less toxic than 5a, 5d had higher activity
than 5c. Overall, these results show that the effect of presence/absence of the two
methyl substituents at C-5 and C-6 is variable and depends on the nature of the
substituent at C-2.

The most promising for further testing as potential antitumour agent is 5i. The
toxicity of 5i is quite low for the normal cells, but more than 2 and 10 times higher
for RD and A2058 cells, respectively. Attempts to increase this tumour-specific
antiproliferative activity via combination of shortening the length of the C-2
substituent chain by one carbon atom, addition of two methyl groups at C-5 and C-6
(5)) did not give satisfactory results.
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OCTATBYHU MOHOMEPH U TEXHU PA3SINATHU ITPOAYKTH
OTAEJEHU OT MUKPOXUBPUJAEH 1 KOHAEH3UPAIILL
OOTOKOMIIO3UT

u. Ysyuoeal, H. ®ununoé’, JI. ./Iyxanoel, C. Bmzdumupoez
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ABSTRACT

Discs of condensable and microhybrid composites were light-cured and than
placed in distiled water for a weak at 37°C to extract the unreacted monomers. HPLC
analysis was used to determine the amounts of bis-GMA, TEGDMA and other
released compounds.

Keywords: dental composites, residual monomer

YBOA

[Ipe3 mociaegHuUTEe HAKOJKO TOAWHU M3MOJI3BAHUTE B CTOMATOJOTHSATA
¢dotononumepuzupamin  komnozutu (KM) mnperbprisgxa 3HAYUTEIHO OOHOBJICHHE.
HoBocb3naaenure marepuanu uMaT 3HAYMTEIHO paslIMpeH oOcer Ha MPHUIIOKEHHE
[1].

W3BecTHO €, 4e (hakTOpUTE ONpEAeINslld TAXHATa MOJUMEpHU3alUs ca: BUJ Ha
OpraHMyYHaTa MaTpulla, KOHLEHTpAlMATA Ha WHHUIMATOPUTE, HHTEH3UTETa Ha
CBETJIMHHOTO U3IbYBaHE, JaeOenrMHaTa Ha KOMIIO3UTHHUS CJIOW W BpPEMETO Ha
ob0mpuBane [2]. Cuuta ce, ye MOHOMep—ToauMepHaTa kKoHBepcus Ha KM e Mexmy
35% u 77% u nonumepa chIbpxka Hepearupan (ocrtarbueH) MoHomep [3]. B namm
NPEIUITHA M3CJICABAHUS YCTAaHOBUXME, Y€ OT TOJUMEPU3UPAHUTE XUOPHUIHH
KOMIIO3UTU C OpPraHWYEH Pa3TBOPUTEN CE U3BIMYAT HEpearupain MoHomepu [4].
OcBeH TSX B eKCTpakTH oT nojumepusupanu KM ce oTkpuBaT u HeUICHTUDULIMPAHU
BemecTna [3, 5.

Hanuuuero Ha pa3ivyH 1O CTPYKTypa U npeaHazHauenne KM—mukpoduinu,
MUKPOXUOPHUIHU, KOHACH3UPAIU C€, JaBa OCHOBAHUE Jla CE€ M3CJeIBAT OTACIISTHUTE
OT TAX MOHOMEpU U pasnaaHu npoayktu. [locnenHure ca ompenensu 3a
OMOCHBMECTHMOCTTA [6] 1 MEXaHUYHUTE KauecTBa Ha Biaaranute KM [7].
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MUKpOXUOpUIHU KOMIIO3UTH Ca IIMPOKO HU3MOJ3BAHU B CTOMATOJIOTHSTA, a
KOHJICH3UPAIIUTE CE€ MOSIBUXA MPE3 MOCICIHUTE HIKOJIKO F'OJUHHA KAaTO MAaTEpHUalu C
no-100pu KIMHUYHU CBOMCTBA. B nuteparypara uMa HEM'BJIHU CBEACHUS 32 HATUYHE
Ha OCTaThbYHM MOHOMEPU B IMOJUMEpU3MpaHu KoHAeH3upam KM, KOeTo HajloXu
TAXHOTO U3CJIEBAHE.

[enTa Ha HacTosaTa paboTa € onpeeNsHe B in VItro yCJIOBUS Ha OCTaThYHUTE
MOHOMEPH OTJIEJICHU BbB BOJAa OT KOHAeH3upaly KM noimmepusupaH ¢ xajmoreHHa
dboTomonMMepu3upaIiia JamMIia U CpaBHsIBaHE HA MOJYYEHUTE PE3YJITATU C JAHHUTE OT
u3cneaBaHeTo Ha MUKpoxuOpuaen KM.

MATEPUAJIN U METO/IUKA

M3nom3Banu ca konaeHsupaim ce KM Solitaire 2 u mukpoxubpumen KM
Charisma (Heraeus Kulzer, Germany). Te cwhabpxkar moHomepute bis-GMA wu
TEGDMA. IlpurotBeHu ca CTaHIAPTHU Pa3TBOPU OT CIEIHUTE ChEAUHEHUS: 2,2-
ouc[4-(2-xunpoxcu-3-mMerakpuiniaokcumnponokcu |permn)npomnan (bis-GMAm); 2,2-
ouc[4-(2-XxuapoKcu-3-akpuIuIOKCUIIPOIIOKCH ) (eHMI [TpoTian (bis-GMAa);
oucpenon A  mumerakpwiar  (bis-DMA),  TpUETWICHIIMKOJIIUMETAKPHUIAT
(TEGDMA), metunmerakpunar (MMA), rmunmaunmetakpmiar (GMA), 6ucdenon
A (BPA) (Aldrich, Germany). Ilomumepusamusta €  H3BBPIICHA C
doronmommmepusupama xamorenna yamma (DILT) Polofil Lux (VOCO, Germany) ¢
MHTEH3UTET Ha U3TbuBaneTo 440 mW/cm®.

KoMIIo3uThT € HaHacsSH B AJIyMHHHEBH MATPHUIM C AUMAMETBp 8§ mm W
IBJIOOYMHA 2 mm eJHOOOEMHO W C HU3IUIIBK. VB3IHIIBKBT € OTCTpaHeH dpe3
NPUTHCKAaHE Ha YeHAaTa MOBBPXHOCT ChC CTHKIIEHA Tuiouka ¢ aebenmra 0,05 mm.
Bpemero 3a o6irbuBaHe € ch00pa3eHo ¢ MmpeAnucaHusTa Ha ¢pupmaTa MpoOU3BOIUTEN:
40 s 3a Solitaire 2, u 20 s 3a Charisma, Karo maTepuajsbT € OOJBYBAH CamMO OT
ropHaTa My CTpaHa.

Ot gBara marepuana ca nonumepusupann c xaimoreHHa PIUI mo neser
oOpazena. Crnen moaumepu3anuaTa o0pas3iuTe NpecTosiBaT B OupecTUuInpana Boja 3a
celeM THU. AHAIM3UPAHM Ca HAJIMYUE HAa OT/EJIEHH MOHOMEPH M TE€XHH paslaJiHu
IIPOAYKTH Ha 24 yac n Ha 168 yac.

Xpomarorpadckusar ananu3 e mnposeneH ¢ HPLC-cuctema ¢ UV gerextop
(Varian Pro Star). M3non3Bana e komona Omni Spher 5 C18 (250 x 4,6 mm) u obem
Ha npobarta 20 pL. PaznensHero e HanmpaBeHO ¢ mojBxHA ¢aza: enyeHT A — H,O u
enyeHT B — CH3CN npu rpaguent ot 50% A : 50% B mo 100% B u ckopoct Ha
notoka 1 mL/min. Jlereknusita Ha OTAEIEHUTE MOHOMEPH C€ M3BBPIIU IpH 275 nm
(Bis-GMAa u Bis-GMAm) u 205 nm (TEGDMA, MMA, GMA). Konnenrparnusra
Ha MOHOMEPUTE € OIpeiesieHa Mo KaauopoBbUYHa rpaduka.

PE3VJITATHU U OBCBHXJIAHE
[TonOpanuTe ycinoBUsA 3a XpOMaTOrpa)CKd aHaiW3 I03BOJIABAT YCIIELIHO
pasziensiHe U KOJIMYECTBEHO ONpEeNesiHE Ha MOHOMEPUTE U TEXHUTE pa3nagHu

OPOJAYKTH. YCTaHOBEHHUTE BpeMeHa Ha 3aabpkane ca bis-GMAa—8.13 min, bis-
GMAmM-10.59 min, bis-DMA-15.92 min, TEGDMA-7.35 min, GMA-4.95 min,
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MMA-5.64 min, BPA-5.6 min. Pe3ynrarure OT NpPOBEICHUTE H3CIECABAHMS Ca
nokaszaHu B Tabnuma 1.

Ot xommno3uTa Solitaire 2 BbB BojiHa cpefia ce oTAesIT bis-GMAa, bis-GMAmM u
TEGDMA wu pasnagaus npoaykT mumuauiMmerakpuiaar (GMA) (Ta6m. 1).
O6pasuure o1 Charisma otnenst bis-GMAm wu TEGDMA, «kakto w
metwiMmetrakpmwiatr (MMA). Hanuuuero Ha moclieqHus OM MOTJIO J1a C€ IBJDKUA Ha
Hanuuue B Henonumepusupanus KM unu ga ce momycHe, 4e ce oOpa3yBa Mo Bpeme
Ha TIOJIMMEpHU3aIHiTA.

Tabauua 1. Yemanosenu konyenmpayuu +SD (ug/mL) na omoenenu monomepu u
PAa3naonu npooOyKmu 668 600HA cpedd Om NOIUMEPUSUPAHU KOMHOZUMU
Bpeme
KM Ha Bis- Bis- TEGDMA GMA MMA
IIPECTOU GMAa GMAm

BbB

BOJa
(daca)
KoHieH3upai 24 4.19+1.19 | 0.8340.32 | 36.92+3.64 | 5.74+0.77 -
(Solitaire 2) 168 5.73+0.80 | 2.50+0.74 | 42.80+4.60 | 9.05+1.70
MukpoxubpuaeH 24 - 0.65+0.16 | 78.70+5.30 - 0.1140.03
(Charisma) 168 - 5.04+0.22 | 121.04+9.26 - 0.2240.04

Konnenrpamuute Ha otaeneHus Ha 24 vac bis-GMAmM npu KOHACH3UpALTUSI U
MUKPOXUOPUIHUS KOMIIO3UT ca OJIM3KH, HO Ha 168 yac ce KOHCTAaTUpa CHIIECTBEHA
pa3nuka. ToBa MoOXe Aa ce IBDKM KAakTO Ha IMO-J00paTa mHojJuMepu3alus Ha
KOHJEH3UpAIIHs KOMIIO3UT, TaKa ChILO U HA MO-MAJIKOTO MPOIEHTHO ChbpPKaHUE HA
bis-GMA B Henonumepusupaiua KM. Bpemero nHa oOnabuBane (40 s) wu
CHbUHUIMATOPUTE OIpEAeNAT B ciaydas mHo-go0pa monumepuszanus 3a Solitaire 2.
OnpeneneHure OT HaC CTOMHOCTH Ha To3u MoHoMep npu Charisma Ha 24 4dac ca
O0KO0JIO 4 MBTH MO-MaJIKu oT ompexaeneHuTe ot Pulgar et al [6] mpu pH 7. Tosa ce
I'bJKA HAal-BEPOSATHO HA PA3IMYHUTE YCIOBUS HA nojuMepusanus. KoHueHTpanuure
Ha TEGDMA ce paznuyaBar 3HauntenHo (Ta6ma. 1). [To-HUCKWTE KOHIIEHTpalluu Ha
TEGDMA 3a xoHzeH3upaiius ce KoMrmo3uT Solitaire 2 MoraT Ja ce IbKaT U Ha T10-
MaJKOTO WM CBIbPKAaHHE B HENOJUMEPU3UPAIMS KOMIIO3UT, Tbil KaTo
mukpoxubpuaaure KM cpabpkar mo-rojisiM 00€MeH MPOIEHT OpraHuYHa MaTpula
OT KOHJIeH3upaumuTe ce. BepoarHo u BpemeTo Ha oOnbuBane (20 s) HE € 10CTaThYHO
3a mbJIHA nosimMepusanus. B cpaBHenue ¢ apomatHute metakpwiatu, TEGDMA e c
MO-MaJIka MOJIEKYJIHA Maca, KOETO YJIECHSIBAa MPEMHHABAHETO W Mpe3 MoJuMepHaTa
Mpeka B pa3TBopa, a € u 1no-a00pe pazrBopuma BbB Boja. Ot Solitaire 2 ce otnens u
bis-GMAa (0OCHOBHMST KOMIIOHEHT Ha To3u kommno3ut) u GMA. ToBa cbeiMHEHUE Ce
nojiyyaBa MO BpeME Ha MOJMMEpHU3aLMITAa WIA B pe3yiTaT Ha JACHCTBHETO Ha
BOAHUTE MOJieKyH [5]. To € chC CpaBHUTENHO HUCKA MOJIEKYJIHA Maca U IO-JECHO
IpeMrUHaBa B pa3TBopa. Hammumero My € J0OKa3aTelcTBO, Y€ IO BpEME Ha
00JTbUBAHETO OCBEH MOJUMEpHU3allMsl C€ U3BBPILIBAT U JIPYTU MPOLIECH, BOACIIU O
NIOJIy4YaBAaHE HA HOBM BEILECTBA, KOUTO HE C€ ChABPKAT B chcraBa Ha KM. Hskou
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o6pasiu ot Charisma otaensat u oucdenon A (0.05+0.21 ug/mL), HO ycTaHOBEHUTE
KOHIICHTPAIIMH ca TO-HUCKH OT Te3H ompenenieHn ot Pulgar et al [6] mpu pH 7. Toii ce
MOJIy4yaBa HaW-BEPOATHO NPU XHUIAPOJU3HU MPOLECH MPOTHYAIIM B IOJIUMEpA.
Konnenrpanuute Ha MMA ca Manku, HO HapacTBalu ¢ Bpemerto (tadu. 1). Bognara
cpela, B KOSATO C€ IMPOBEXJAa M3CIEABAHETO HE Npeanonara METHIHpaHE Ha
OTZEJIAIATA C€ OT MOHOMEPA METAKPUIIOBA KucenuHa. Hal-BeposATHO TOU € MPOAYKT
Ha BTOPUYHHU MPOLECH MPU HOTONOTUMEPU3ALIHSTA.

B aHanu3upanute mpoOM € yCTaHOBEHO HAJIMYME W Ha JIPYTU ChEAUHEHUS C
BpeMeHa Ha 3aabpxkane 3.9, 9.7 munytH (275 um) u 5.9 munytu (205 HM), KOUTO Ha
TO3U €Tan OT U3CIICIBAHUATA € HEBB3MOXKHO J1a ObJaT UAECHTU(UIIMPAHU aI€KBATHO.
Jlunceat M nUTEpaTypHU JAaHHMU, OT KOWUTO Jla JIMYM JaJId TOBA Ca KOMIIOHEHTH Ha
KOMITIO3UTa UJIM ca HOBOOOpa3yBaHM pa3NaJHU MPOAYKTH.

SAKIIFOYEHUE

[TonmumepusupanuTe KOMMIO3UIMOHHH MAaTE€pUAIM, HE3aBUCUMO OT BHUJA CH,
OTAENAT BbB BOJIAa OCTATbYHU MOHOMEPH, HAKOM OT KOUTO B TOJIEMU KOJIMYECTBA—
TEGDMA. Toga ce onpenens oT cbeTaBa Ha KM, XUMUYHUS CTPOEK HA MOHOMEPUTE
Y YCIIOBHSITA Ha oauMepu3ainus. B pesynrar Ha nonuMepusanusaTa U XuapoJIuTUIHN
peakuuyu TPEIU3BUKAaHW OT BOJAAaTa ce 0o0pa3yBaT HOBHM BEIIECTBA, MPOIYKT Ha
pasnajaHe Ha MOHOMEPUTE, KOUTO CHIIO CE U3TbUBAT BbB BOJA.
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OU3NKOXUMHNYHU XAPAKTEPUCTHUKHU HA N-3AMECTEHHA
AMUIAUNPAHU NIEKTUHU
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ABSTRACT

Physicochemical characteristics — intrinsic and dynamic viscosity and foam-
forming and foam-stabilizing properties of previously obtained N-substituted
amidated pectins with degree of amidation from 3.3% to 23.4% have been
investigated. In all cases treatment of the pectin with aminocompounds led to
decrease of the viscosity. This is due to the chosen condition for carrying out the
reaction of modification — elevated temperature and alkaline medium, which led to
deesterification and depolymerization of the pectin macromolecule. The foam-
forming and foam-stabilizing properties of the amidated pectins were pronounced in
the case of pectins modified with n-butylamine.

YBO/J

[IekTHHBT € XeTepomoJIM3axapuji, NPUCHCTBAILl B MEPUCTEMHATa U
MapeHXMMHATa ThKaH HAa pPACTUTEJIHATA KJIETKAa HAa BCUYKU BUCIIA pacTeHus [1].
IlexkTHH, NEeKTUHOBU KHCEJIMHH, TIEKTUHOBH BEIICCTBA Ca HAMMCHOBAHUS JaBaHHU Ha
Pa3KIIOHEHU  KHCEJIM  XETEpOIoju3axapuiy,  3aeMalld  MEXKIYKIETbYHOTO
IPOCTPAHCTBO KAaTO AacolMaTH, 3aeqHO C JIPyrH OHOMOJMMEPH M €IHOBPEMEHHO
y4acTBally B U3rPaXKJIaHETO HA IIbPBUYHATA KJIEThYHA CTEHA MPU PACTEHUSITA.

B mpeaumna Hama pabota [2] Osxa moJiydeHH NEKTUHOBH JEPUBATH, 4Upe3
MoaupuUKaIus Ha S0BIKOB MEKTHH C pa3IMuyHU aMUHOCheAHUueHus. [IpeacTapnsBaiie
HMHTEpEC Ja Ce M3CIeaBaT HAKOM (PM3UKOXMMHYHHM CBOMCTBA Ha HOBOIIOJIyYCHHTE N-
3aMECTCHM aMHIUPAaHU MEKTHHU M JIa CE€ IPOBEPU BIHUSHHETO HA pEaKIusITa Ha
aMUJIUpaHe W PEaKIMOHHUTE YCIOBHUS BBPXY CIIOCOOHOCTTA Ha IEKTUHUTE Ja
00pa3yBaT BUCKO3HH Pa3TBOPHU.

MATEPUAJIM U METOAU

Bucokoectepudunupan s16pk0B nektuH (cteneHn Ha ectepudpukanus CE=65.6%
1 noanypoHuaHo cbiabpxkanne AUAC=70.3%) — npoaykt Ha “Ilexktun”, rp.IllepHuk,
bearapus, 6e u3non3BaH 3a noxy4yaBaHe Ha N-3aMeCTEeHH aMUIUPAHU IEKTHHHU.
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ITonyyaBaneto Ha N-3aMeCTeHUTE aMUIMPAHU IEKTUHU U ONPEACIIAHETO Ha
crenienta Ha amuaupane(CA) u ectepudukanusa(CE) 6erie u3BbpiieHo chriiacHo [2].

XapakTepucTuyHus BUCKO3UTET [1] (intrinsic viscosity) W JAUHAMUYHHUSIT
BHUCKO3UTET Ha U3CJIEIBAHUTE PAa3TBOPU ONpPEEIIXMe ChriaacHo [3].

OmnpenensiHeTo Ha MeHooOpa3yBailaTa CIOCOOHOCT M IUTHTHOCTTA HA IMSHATA
Oerre u3BbpIIeHO 10 MeToAa Ha Kadxka [4].

PE3VJIITATU U JUCKYCHUA

JlenonuMepu3anusTa Ha TJaBHATa BEpUTa c€ MPOSIBSIBA Ype3 pa3KbCBAHETO Ha
IJIMKO3UIHATA BpBh3Ka C MMOMOIITAa Ha peakiusaTa Ha B-eTMMUHUpPAHE U XUAPOJIN3, a 3a
KOJIMYECTBEH IIOKa3aTeJl Ha TE3U pEeaKUUH HU3M0JA3BaXMe XapaKTEPUCTHUHHUS
Bucko3uTeT [n]. [IpoTndanero Ha [-eMMMUHHMpaHE B ajlKaldHa cpela ce pasriexna
KaTO HEXKEeJaH MPOIIEC, BOJACI 0 pa3KbCBAHETO HAa MEKTMHOBAaTa MaKpOMOJIEKYJa, a
C TOBA U BJIOIIABAHE HA JKEJIIMPHUTE CBOICTBA.

[Ipn mexTuHa nemonMMepH3aIusiTa CHWIHO ce€ 3a0aBs ciel MpoTUYaHE Ha
neecrepudukanuara. [lonuranaktypoHoBaTa KUCENIHHA, KOATO UMa CaMO CBOOOJHH
KapOOKCWJIHM TpynH, € JocTa cTaOWjiHa Ipud TE3W YCIOBHS, 3allOTO NpH
KapOOKCUIJIHMSI aHUOH €JIEKTPOHHATA ILUIBTHOCT € PAaBHOMEPHO pa3IpeaesieHa MEXIY
KUCIIOpOAHUTE aToMU U Bpb3kaTa C5—HS5 ce crabunusupa.

[lekTuHbT nerpaavpa U € HECTAaOWIEH U B HEyTpajdHa Cpela NpH MOBHUIIEHA
temrneparypa [5]. Korato mutpycos nektun ¢be CE 70% ce abpxu 3a 1 yac B 6ydep
¢ pH=6.8 T0 6.3% OT MMKO3UAHUTE BPB3KHU ce pa3kbeBar, a CE ce moHmxkaBa 10
27%.

3a 1a mMpoBEpUM IOBEJICEHUETO HAa KAPOOKCUIIHUTE, €CTEPHUTE U aMUIHHUTE
rpymnu, 0s1xa U3BBPIIECHN OTTUTH 32 OMPEJEISTHE HAa XapaKTEPUCTUIHHS BUCKO3HUTET.

Taoauna 1. Xapakmepucmuuen suckosumem Ha amuoupanu neKmuHu

N VYcnoBus Ha aMHIUpaHe (), [dL.g"] | Ho6us, %
1. | 3xoxeH A0bIKOB IEKTHH 2,39 -
2. | Hekrun ¢ musun(4h, 40°C) 1,05 79
3. | Hexkrun ¢ musun(24h, 40°C) 0,89 78
4. | Hexrun ¢ msun(4h, 90°C) 0,17 58
5. | Hexrun ¢ metuaraunua(24h, 40°C) 1,02 80
6. | Hexrun ¢ metunamun (4h, 40°C) 0,76 81
7. | Hextun ¢ metunamus (24h, 40°C) 0,61 78
8. | Hexrun ¢ 1,2-quamunoeran(4h, 40°C) 0,70 83
9. | Hexrun ¢ 1,2-muamunoeran (24h, 40°C) 0,54 79
10. |Ilekrun ¢ ryanuaud kapoonar(24h, 40°C) 1,09 85
11. |TlextuH ¢ ryanuaud kapoonar (2h, 85°C) 0,25 73

OOpaboTkaTa Ha TMEKTHHA C AMHHOCHEAMHEHUSATA BOAHM J0 HaMalsIBaHE Ha
XapaKTepUCTUUHUsT BUCKO3UTeT. [IbpBOCTEeneHHUTE (aKTOpHU, BIUSCIIHM BBPXY
JerpajanusaTa Ha MEKTHHA ca: TeMIleparypara Ha cpeaara — €KCIEPUMEHTH 2, 4 u
ekcnepumenTtu 10, 11; u 6a3uyHOCTTa HA cpejaTa, KOsITO 3aBUCH OT U3IOJI3BAHOTO 3a
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MoauuUKalus aMUHOCheAUHEHUEe — ekcriepuMenTu 5, 7, 9, 10. B Ta3u Bpb3ka
U3MOJI3BAHETO Ha anudaTHU aMuUHU BOAW JI0 HaM-CWIHA JerojuMepu3alus Ha
nektuHa. [lo-mexu ycnoBust Ha 00paboTKa ca Te3u MpHU I'yaHUJIUH KapOoHaT, a Hail-
MaJIKO € BIIMSIHUETO Ha aMHUHOKHUCEIIMHUTE.

N3BeCTHO €, Y€ MEeKTUHA M HSIKOU HEroBU JAEPUBATH — ETHJIAMUJIONECKTHUHH,
eTUINEKTHHU [3, 6] mpuTekaBat 100pu eHO0Opa3yBaIlld CBOMCTBA U Ca U3MOJI3BAHU
3a ToJiydyaBaHE Ha BIICHEHMU MPOJYKTH OT THIIA HA 3aMpa3eHU IUIOJOBU KPEMOBE,
MJICUYHO-TJIOJIOBH CJIQJ0JICIN U Ap.

[Topagu Tasu nmnpuuMHA CU TOCTaBUXME 3a 3ajadya Ja H3cleIBaMe
neHooOpa3yBaluTe CBOHMCTBA W CTAOWJIIHOCTTAa Ha TIOJYyYEHHUTE TIEHH Ha
MoauduIMpaHuTe SOBJIKOBM MNEKTUHU. WM3ciaeaBaHu Osixa BOJHMU pPa3TBOpU Ha
MIPOU3BOIHY HA MEKTHUHA ChC CIETHUTE XapaKTePUCTUKH (Tadmia 2):

Ta6auna 2. Xapakmepucmuxa Ha MoOUGUYUpaHu neKkmuru

No AMUHOCBHETMHEHNE VcnoBus CA, % AUAC, % CE, %
1. H3xoneH nekTuH - - 70,3 65,6
2. | D,L-nu3un 4h, 40°C 5,9 67,9 47,5
3. D,L-nmu3un 24h, 40°C 9,3 64,7 44,7
4. 1,2-nuaMuHOETaH 4h, 40°C 23,4 58,8 30,7
5. 1,2-mrmaMuHOETaH 24h, 40°C 23,0 61,6 15,8
6. | I'yvaumoun kapOoHaT 24h, 40°C 4,6 67,3 18,4
7. | MerunamMun 4h, 40°C 21,3 66,4 53
8. | MerwiamuH 24h, 40°C 229 66,6 7.5
9. n-byTuinamun 4h, 400C 16,1 64,4 25,5
10. | n-byrriamun 24h, 40°C 18,3 62,3 19,2
11. | t-Byrunamun 4h, 40°C 12,8 64,5 24,6
12. | t-byTunamun 24h, 40°C 14,2 48,5 17,1

[IpencraBenure B Tabmmia 3 pJaHHW 3a TIEHOOOpa3yBaliaTta CrIOCOOHOCT
MOKa3BaT BJIMSHUETO Ha MOAW(UKAIIMATA HA €CTEpHATa Tpyla BbPXY MOBBPXHOCTHO
aKTUBHHUTE CBOMCTBA Ha IIEKTHHA.

Tadamua 3. Ilenoodpazysawa (110) u nenocmadbunuzupawu (I11C) cnocobnocmu

No o Konuentpauus Ha aMu10TIEKTHHA, Y0
Ta(_in. ) 0,3 0,7 1,0 15 2,0
110 I1C I10 IIC I10 IIC 110 I1C 110 I1C
1. 4 - 9 - 11 - 10 - 6 -
2. 8 50 8 50 17 50 14 57 10 60
3. 6 66 12 50 14 57 10 80 10 60
4, 3 33 4 50 4 - 4 - 4 58
5. - - - - 4 50 8 25 10 40
6. 6 66 8 50 18 44 18 22 21 11
7. 6 33 4 - 6 66 8 55 8 50
8. 8 25 6 33 12 33 18 33 27 51
9. 14 29 18 33 20 40 32 66 41 58
10. 14 28 27 46 27 38 38 88 58 68
11. - - 10 33 10 33 12 45 12 40
12. 6 33 4 50 12 66 10 40 14 42
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MosxeM na HampaBUM H3BOJ, Y€ €IMHCTBEHO MPOOUTE MOJyUYEHHU B pe3ysTaT Ha
B3aMMOJICHCTBHE HA SIOBIKOB MEKTWH C HOpMajeH OyTHWJIIAMHUH [1aBaT CHIIECTBEHU
CTOMHOCTH 3a MeHooOpasyBamaTa cnocooHoct. MaTepec npeacrapisiBa CpaBHEHUETO
Ha aMHJIHUTE JEPUBATH, MOJYYCHH OT n- U t-OyTUIAMHUH — JAHHHUTE COYaT, Y€ camo
IIpH TPOM3BOHUTE HA N-OyTHIIAMUHA ITOKa3BaT MEHOOOpa3yBaia CrocoOHOCT.

®durypa 1. MonomepHo 36eH0 Ha 2anaKkmypoHo8a KUCEIUHA, AMUOUPAHA C: @). N-
oymunamun u 6). ¢ t-0ymunamun, 8 NOIUMEPHAMA eepuea Ha PAMHO2AIAKMYPOHAHA.

/ b
a) ) ) CHy
HyC
‘ BRI CHy
a O—H rLH O—CH
U\\/(J H 0:’-1.\_/ OQV/U CHy O\.\\“/ O::;\:\/ OV 3
Gal— 0 OH o A OH 0 A On Gala
KoH HY ~oR HY ~kod H)Y oﬁ oﬁ H oﬁ H
H\' /L H\ / / H\_/O Gala Hu / O GalA
H OH H  OH H oOH OH OH OH

ToBa Moxe 1a ce 00ACHH C pa3MKaTa B IPOCTPAaHCTBEHATA CTPYKTypa Ha JBaTa
BEpMKHU H30MEpa, KOATO BOAM O Ch3JaBaHE Ha OOJacTH C HENoJspHa
(BBIIEBOAOPOIHUS pPAJMKal HAa aMHUHA) U TOJApHA (XUAPOKCUIHUTE TPYNH OT
MOHO3aXapUJHUs OCTAaThK) CTPYyKTypa (B ciydass ¢ 1-OyTuiaMuH), XapakTepHa 3a
BELIECTBA C U3PA3EHU MOBbPXHOCTHO-aKTUBHH CBOWCTBA.

[Tongoben edexkT HaOmogaBar W Sinitsya W cbTp. [7] Npu MojaydaBaHe Ha
aMUIMpaHu NEKTUHM, W3MOI3BallkM aMHUHU C IpaBa BBIVIEBOJOpOJHA Bepura. Te
OpernopbryBaT TE3U JACPUBATH U MO-CHEHUATHO N-OKTaIelMINEKTHHAMUM, KaTo
Ounopasrpaaum, moiydaBail ce OT IPUPOIHO-IOCTBIIHU CYpPOBUHHU U €BTUH COPOEHT
Ha HETIOJISIPHU ChEeIUHEHU TpU 00padOTKa Ha OTHAIHU BOJIH.

B o0mus ciayyail craOuiaHOCTTa Ha MsiHaTa Cce BIUSi€ OT KOHLIEHTpAlUATa Ha
U3II0JI3BaHUSI TIEKTUHOB Pa3TBOp, KaTO Hal-100pa CTaOMIHOCT ce MojydyaBa Mpu
koHueHTpaus 1.5%. Haii-Bucoku CTOMHOCTH 3a CTAa0MJIIHOCTTAa Ha IEHUTE C€
HaOII01aBaT MPU aMUAUPAHUTE C JTU3UH U |-OyTHIaMUH IepUBaTH.

Ot peorpamure, IOKa3aHH Ha
dur. 2, MOXXeM Ja 3aKIYHM, Ye C

Peorpamu Ha 2% nekTuHOBM HAl-TOJIAIM BHCKO3HUTET € W3XOIHHUSI

D [1/s] pasTBopu s0bJIK0B nektuH. [loHmkaBaHeTo Ha
800 —-npoGa 1 BHCKO3HUTETA Ha M3CJICIBAHUTE
600 = npo6a 6 MOJAUQPUIIUPAHN TICKTUHU C€ JIBJDKU
400 / ~—npo6a 8 Ha YCJIOBUATA Ha NPOBEXKIAHE Ha
200 // npo6a 3 peakmnusata — Temieparypa 40°C wu
0 M e || *TpoGa’5 O0azuyHaTa cpena, KOUTO BOIAT JIO
0 5 4 ag © (1a6n.2) neecTepuuKams 1 qvaCTHqHa JIeTIO-

. auMmepuzanuga. C  Hali-rojgsiMa BHC-

KO3HOCT OT IIEKTUHOBUTE JIEPUBATH CE
®urypa 2. Peocpamu na 2% nekmunogu p-pu. XapaKTepH3upa mpoda Ne § — KosTO €
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IMoJIyucHa 1Ipu BBaHMOHefICTBHC Ha SI0BJIKOB EKTUH C METUJIAMHUH.
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INTRODUCTION

Native catalase is one of the most efficient biocatalysts whose high enzymatic
activity at hydrogen peroxide decomposition with no radical formation has potential
practical applications in medicine, food-processing industry and biochemical
analysis. In this connection, catalase immobilization has been extensively researched
and different solid carriers, such as artificial membranes [1,2] alum, gelatine,
polyacrylamide and egg shells [3], carbonaceous materials [4] alumina pellets [5],
etc. have been tested for that purpose. The biocatalytic activity of catalase in non-
aqueous media has been examined for designing biocatalysts applicable in organic
synthesis [6] or for creating organic phase enzyme electrodes (OPEE’s) making
possible peroxide substrates’ determination [7-13]. Besides hydrogen peroxide
determination in cosmetic or pharmaceutical products [7,8] the use of non-aqueous
media provides the opportunity to determine variety of water-insoluble peroxide
compounds: tret-butylhydroperoxide [10]; cumene hydroperoxide [9,13]; benzoyl
peroxide and meta-chloro peroxibenzoic acid [14,15].

In this work a new bio-heterogeneous catalyst designed for work in organic
medium is reported. The catalyst under study was obtained by means of catalase
adsorption immobilization on an inorganic silicate carrier. The catalytic activity of
the biocatalyst has been examined at the cleavage of 3-chlorperoxibenzoic acid in
acetonitrile.

EXPERIMENTAL

Reagents: Catalase (EC 1.11.1.6) was from Penicillium chrysogenum 245 (Biovet-
Peshtera, Bulgaria) with specific activity of the enzyme was 1000 U/mg. Buffer solutions
were prepared with Na,HPO,.12H,0, KOH, H;PO,, and citric acid all of analytical grade.

Acetonitrile for UV spectroscopy (Fluka), was used as reaction medium; 3-
chloroperoxibenzoic acid (m-CPBA or 3-CPBA) of analytical grade, was purchased
from Fluka and used without further purification.
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The immobilization matrix used was a silicate adsorbent, kindly provided by the
“Synthesis and reactivity of oxide systems” group - Bulgarian Academy of Sciences.
The silicate adsorbent was possesses a specific surface of 1000 m>.g™'; a pore size of
~39A and will be further denoted as TiS within the text.

Preparation of biocatalysts: Catalase immobilization on TiS and the kinetic
studies protocol by UV spectrophotometry were described in details in [14]. The
spectrophotometer used was Specord UV VIS (Carl Zeiss, Jena, Germany).

RESULTSAND DISCUSSION

The trend of the kinetic curves of 3-chlorperoxibenzoic acid cleavage in
acetonitrile catalyzed by catalase, immobilized on TiS 1s hyperbolic in character,
which 1s typical for the formal Michaelis — Menten kinetics. The rate of the process,
catalyzed by immobilized on TiS catalase depends on the temperature since the 3-
chlorperoxibenzoic acid decomposition in acetonitrile takes place more rapidly at 25°
than at 10°. The parameters of the enzymatic process catalyzed by CAT/TiS — the
apparent Mihaelis’ constant Kg* and maximum rate V,); were determined from a

Lineweaver — Burk plot: the reciprocal initial rate of the enzyme-catalyzed reaction
versus the reciprocal substrate initial concentration. Compared with the values of the
apparent Michaelis constant when the process is catalyzed by catalase enzyme
immobilized on carbonaceous carriers, reported previously [14], for the process

catalyzed by CAT/ TiS K *is twice as low (Table 1). The values of V> determined

max
for CAT immobilized on different matrices correlate to the corresponding values of

Ka¥ (Table. 1). The apparent Michaelis constants could be affected considerably by

such factors as substrate distribution between the bulk solution and the matrix for
enzyme immobilization [16].

Table 1. The kinetic parameters of 3-chlorperoxibenzoic acid cleavage in acetonitrile
by catalase, immobilized on different matrices; the adsorption capacity and specific surface
of the matrices

Kinetic parameters Matrix

Catalytic system characteristics
KaP, VAsis ke, -10* | Adsorpti | specific
UM pmol-min'l- m g-l <lm g-l on. surzfacle

capacity m-g

mg-g’

CAT/TiS 333.3 11.1 7.28 30 1000

CAT/NORIT 714.3 18.1 6.48 60 1500

CAT/PM-100 666.7 15.3 3.89 40 100

It is evident from the data of the first order specific rate constants (Table 1) that
the activity of catalase in the process under study is the highest when the enzyme is
immobilized on TiS. For a comparison, the effective rate constant was found twice as
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low when it is immobilized on the carbonaceous matrix PM-100 and 1.12 times lower
— when immobilized on NORIT activated carbon. The values of Kg* and kg, (Table
1) for the catalysts CAT/TiS and CAT/PM-100 shows that a higher kg, corresponds to
the lower value of K (with CAT/TiS), and vice versa. This fact can be assigned to

the effect of the substrate distribution between the solution and the matrix for enzyme
immobilization [16]. At an equilibrium distribution of the substrate between the

solution and the enzyme carrier, the apparent Michaelis constant (K*) is strongly

[ST°
[S]”

matrix for enzyme immobilization [S]™ and the bulk solution[S]*: K& =K,, x P,

dependent on the distribution coefficient P {P = } of the substrate between the

where K,, is the constant of Michaelis for a reaction, catalyzed by a non-immobilized

enzyme. (Because of catalase insolubility in acetonitrile, Ky, in this solvent could not
be determined). The comparison of the apparent Michaelis constant value of the
catalytic system studied with those reported previously (Table 1.) suggests that in the
first case the distribution coefficient is about two times as small than in the case of
adsorbed on carbonaceous matrices enzyme. In other words, the concentration of 3-
CPBA on TiS carrier 1s much bigger than on the carbonaceous ones, which could be
assigned to hydrophobic interactions between the silicate and the organic peroxide.
Another possible reason for the substrate to be concentrated in the matrix with the
adsorbed enzyme, with catalyst CAT/TiS could be the smaller amount of adsorbed on
TiS catalase and respectively, bigger surface free for adsorption, in comparison with
the carbonaceous matrices, NORIT and PM-100 (Table.1).

The overall rate of the decomposition reaction catalyzed by the immobilized
enzyme given by the equation of Michaelis — Menten is inversely proportional to the

apparent Michaelis constant, so that a decrease of K *leads to the increase of the

effective reaction rate, and of the observable specific rate constants, accordingly.

The activation energy, rate —limiting stage and the pre-exponential Arrhenius
factor (which takes into account the number of the catalyticaly — active centers on the
surface of the heterogeneous catalyst under study) of 3-chlorperoxibenzoic acid
decomposition in acetonitrile by catalase, immobilized on TiS were determined using
the effect of temperature on the rate of the process. The values of the rate constants at
different temperatures were calculated by means of a first order kinetic equation,
plotted in coordinates In C — time (Table 1). The increase of the temperature by 10°
leads to the acceleration of the rate of the process 1.2 times when using CAT/TiS: for
T =283 K, kg, =7.28-10* s"-mg™'; for T =293 K, ky, = 9.03-10™* s-mg™".

The activation energy (Table 2) of 3-chlorperoxibenzoic acid decomposition by
catalase, immobilized on TiS was calculated according to Arrhenius’ equation:
E,= %Int—z. The activation energy value (E, = 14.85 kJ-mol™; Table.2) and the

2 1 1
insignificant influence of the temperature on the rate of the process, catalyzed by
CAT/TiS prove that with this catalyst, the process takes place in the diffusion area of
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the catalysis. The Gibbs energy of activation AG* is practically identical with the
previously reported values for CAT immobilized on carbonaceous matrices [14], i.e.
it does not depend on the nature of the matrix, whereas AH* and AS* depend on the
matrix, used for immobilizing the enzyme. The process catalyzed on CAT/silicate
matrix TiS is characterized by considerably lower values of AH* and AS* in
comparison with CAT, immobilized on the carbonaceous materials — activated carbon
or carbon black. The activation parameters, presented in Table 2: the entropy of
activation (AS*), the enthalpy of activation (AH*) and the Gibbs energy of activation
(AG*), were calculated according to the basic equation of the transition state theory.
The steric factor P (dimensionless) was calculated by the expression: P =e**"'% | and

the pre-exponential multiplier Z, in the equation of Arrhenius — from the expression
_Ea

k=2Z,-eR" .

Table 2. Parameters of the bioheterogeneous systems CAT/TiS, in the breakdown of 3-
chlorperoxibenzoic acid in acetonitrile.

Kinetic parameters | Activation parameters
ke =7.28:10% s -mg"" AG* = 86.19 kJ-mol
E, = 14.85 kJ-mol” AH* = 12.49 kJ-mol
Zy=045" AS* =-260.4 J.K'-mol”
P=2510"

Concluding, all above discussed results contribute to our understanding how the
matrix for enzyme immobilization can affect the parameters of a heterogeneous-
biocatalytic process.
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ABSTRACT

A new method for the synthesis of benzoic acid based on the catalytic oxidation
of benzyl alcohol with NaOCI using a higher Ni-oxide system as catalyst has been
developed. The main advantage of the proposed method is that a benzoic acid of high
purity and a yield of about 98 % could be obtained at mild reaction conditions.

Knrouosu ()yMu benzoena Kucelurna, KamaiumudiHoO OKUucjleHue, Ni- okcuona
cucmema

BBBEJAEHUE

benzoeHara kucenMHa HaMupa MIMPOKO MPAKTUUECKO MPUIOKEHUE KaTO PeareHT
B OpraHWYHHUS CHHTE3 MpPH MPOU3BOJCTBOTO Ha (EHOT M KampojakTaMm; KaTo
KOMITOHEHT Ha aJKUJIHUTE JIJAKOBE, CIIOCOOCTRBAIIl 32 MOJA00psiBaHE HA TEXHUSI OJIACHK,
3/[paBUHAa U XUMHYECKA YCTOMYMBOCT; KaTO KOHCEPBAHT B XpaHU M HAMUTKH; KaTO
AHTUCENTUYHO CPEACTBO B KO3METHYHH U MaphIOMEPUHH TMPOAYKTH, KaTo
TAUTPUMETPUYEH M KAJIOPUMETPUYEH CTAHAAPT B aAHAJIUTUYHATA XWUMUS; Karo
xpanurtenHa godaska (E 210).

ben3oenara kucennHa ce MoydYaBa OCHOBHO 4pe3 TE€YHO(A3HO KATATUTHUYHO
OKHCIICHHE Ha TOJYEH C KHUCJIOpOJA Npu BHUCOKM Temnepatypu u [1,2]; upes
KaTAIMTUYHO OKHCIICHHE Ha OCH3eH C KOHIICHTpPHpaHa CsIpHa KuceiauHa [3]; dpe3
XUApONn3a Ha OCH30HUTPUI U OCH30MJI XJIOPHU; Upe3 KaTaJTuTUIHO OKHCIICHUE Ha
OEH3MJIOB AJIKOXOJI ITPU MOBUILIEHHU TEMIIEpATypy U Haisranus [4,5].

CeNleKTUBHOTO OKHCJICHHUE Ha OCH3WJIOBUS aJKOXOJI 10 OEH30€Ha KHUCEIWHA B
NPUCHCTBHE HA XETEPOTCHHM KaTaJlu3aTOpyd € IMEepPCIEeKTUBHA aJITepHATHBA Ha
MIOCOYEHUTE METOJM 32 CUHTE3, YUUTO MPETUMCTBA CE U3Pa3siBaT BbB BH3MOKHOCTTA
3a IPOBEXK/IaHE HA CUHTE3aTa NP 3HAYUTEITHO MO-MEKH YCIIOBHS; JIECHOTO OTIEISIHE
Ha KaTaJu3aTopa OT peakIMOHHATa CMEC; U3I0JI3BAHETO HA €BTUHU OKUCIIUTEIH.

61



Cm. Xpucmocxoea, M. Cmosnosa, M. I'eopeuesa, H. /lanosa, /]. Bacunes

IlenTa Ha HACTOALIOTO M3CJIEABAHE € MPOYYBAHE BH3MOXKHOCTTA 33 CUHTE3 Ha
OeH30€Ha KUCEJIMHA Ype3 KaTAIUTUYHO OKUCJIeHUe Ha OeH3mioB ankoxod ¢ NaOCl B
npuchcTBUE Ha Ni- OKCHIHA CUCTEMAa KaTo KaTajau3aTop.

EKCIIEPUMEHT

Ni-okcuaHaTta cuUcTeMa € IMOoJy4yeHa MO pa3paboTeH OT KOJEKTHBA YTaecuyHO
OKHCIIUTENIEH METOJ BbB BOJHHM PA3TBOPH UPE3 MPUJIaAraHe Ha MEPUOJANYECH METO] Ha
yTasiBaHe ¢ oOpaTeH MOpsAbK Ha IOJaBaHEe HAa yTaWTels KbM cucremara |[6].
Pesynratute oT oxapakTepu3upaHe Ha KaTaJUTHYHATA CHCTEMa C TMOMOIITa Ha
TepMudeH u peHTrenodasoB anammsu, IR, XPS, EPR, MarnutHu wusMepBaHwus
MOKa3BaT, Y€ NPEIJIOKEHUAT METOJ 3a CHHTE3 OJaronpusTcTBa (OPMHPAHETO Ha
akTUBHa (haza C BHUCOKO CBHIBP)KAHME HAa CBPBXCTEXEOMETPUYEH KHUCIOPOJ,
MpUTEXKaBalll TOBUIIEHA MOABMKHOCT W ONTHUMAJIHA EHEprus Ha Bpb3KaTa C
METaJIHUTE MOHU, HAMUPAIIK C€ BbHB BUCOKA CTENEH HAa OKUCJIEHUE U B OKTaeIpuyHa
KoOpAWHAIsA- (PakTopu, OOYCHaBsIIM BHCOKAa AKTUBHOCT B PEAKIMH HA ITBIHO
OKHUCJICHHE.

XeTeporeHHO-KaTaJUTUYHOTO OKHUCJIEHWE Ha MOJEIHM BOJHU pPa3TBOPU Ha
GCH3WIOB anKoXOl C HadyamHa KoHmentpaummst 20 g.dm™ ce mnpoBexmamie B
TepMocCTaTHpaHa KieTka ¢ obem 150 cm’, cebp3ana ¢ Tepmoctar U-1. OKHCICHHETO
ce BOJIENIe NPH HENMPEKBhCHATO pa30bpKBaHE, MPH KOETO B PEAKIIMOHHUS 00eM ce
Ch3/laBa €HAKBO II0JI€ HAa BCHUYKH MapaMeTpu, OMNPEACNSAIIM ChCTOSHHETO Ha
cucremara (temmeparypa, koHueHntpauus, pH). Kato okucinuren ce wusnonspaiie
NaOCl (60 g.dm” akrueen xmop). C men YyBelHMuaBaHe HOCTHIIHATA 32
OKHMCJIMTEIIHATa pPEAKUUsl IOBBPXHOCT HA KaTalu3aTopa EKCIIEpUMEHTUTE Osxa
MpoBeJieHU ¢ KaTanu3atopHa ¢pakius 0.6-1.0 mm.

M3meHeHunsiTa HA KOHIIGHTpAIUsATa Ha OCH3WJIOBHUS aJTKOXOJ, HAa MEKIUHHHUS
npoaykT (OeH3anaexusl) W Ha KpaWHUS MNPOAYKT OT OKHCIeHHETO (OeH30eHa
KucenuHa) ce ciegemnie ¢ nomomra Ha UV-VIS cnekTpockonus U ¢ ThHKOCJIOMHA
xpomarorpadus. UV cnekrpure 0sixa 3acHetu ¢ nomounra Ha “Lambda-15" UV-Vis
cekTpoPoToMeThp. 3a ThHKOCIIONHHATA XpomaTorpadus ce U3Noia3Baxa CTaHAapTHU
miouku- Kiselgel 60 Fs, Ha pupma “Merck™ u enyeHT diaopodopm.

PE3VJITATHU U JUCKYCUSA

PesynrtaTute, momydeHu mpu M3CII€BAHE HUCKOTEMIIEPATYPHOTO KATAIUTUYHO
OKHCJICHHE Ha OeH3WIOoB ankoxoil B ankamHa cpena (pH 10-11) mokasBar, de
MOCJHEAHUAT CE€ OKHUCIABA MMPAKTUYECKH HAMBIHO W CEJIIEKTUBHO J10 OEH30€Ha
KHUCEITHA.

VYcraHoBH ce, ye MPOBEKaHEe HAa OKHUCICHHETO 03 BHACAHE HA KaTaau3aTtop B
CHUCTEMaTa C€ MOCTUTa He3HAYUTEIHA CTETEH Ha MPEBPBIIAaHE HA aJTKOX0JIa OCHOBHO
no oenzanaexunl (o~5%) (¢wur.la). IlpubaBsHeTo Ha KaTalIM3aTOp B peaKIMOHHATa
CMEC BOJM JI0 3HAYUTEIHO yCKOpSIBAaHE Ha MpoIlleca W MOCTUTaHe Ha MPAKTUYECKU
II'BJIHO U CEJIEKTMBHO OKHUCJICHHE Ha OCH3WJIOBHS aJIKOXOJ] J0 OEH30€Ha KHCEIMHA
(¢ur.1b), xoeTo € OCHOBaHWE Ja Ce€ 3aKIIOYH, Y€ XOMOI'CHHOTO OKHCJICHHWE Ha
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oensuioBust ankoxoid ¢ NaOCl uMa He3HauMTeNleH MPUHOC KbM OOIIOTO MYy
IPEBpBIIAHE.

124

08 C6H5C00H

=]
-]
—
—
k3

CHCHOH
6 5 2
1/ 3/ CﬁHSCOOH

Absorbance
=
=

Absorbance
=2
™
Absorbance

=
n

i 23200 00 ' UE
lgu.ﬂu\'\-’avelenght (n1n) 19000 232.00 19040 | 2 G
' Wavelenghit () Wavelenght (nun)
|- mazomen pasTEOp 1- 0 min; 2- 15 min; 3- 30 min a- 20 min; h- 40 tmin; c- 60 min;, d- &0 min; e- 100 min
2- cnep omcoemie ¢ NaOCl T=313 K, catalyst concentration 5gl T=293 K; catalyst concentration 2g/l

®urypa 1. UV -cnexmpu na peakyuonnama cucmema 6 Xxooa Ha KamaiumuyHomo
OKUcCIeHuemo Ha OeH3Un08 alKOX0J

B UV-Vis cnekrpute Ha npoOM OT peakuuoHHaTa cMec ce HaOJroaaBa
M300€CTUYHA TOYKa, MOTBBPrKAaBala ((OPMUPAHETO HA €AHO MEKIUHHO ChEIMHEHUE
(OeH3anzmexuna) B X0/1a Ha KaTaJIUTUYHOTO OKUCIIEHHE Ha OeH3miIoB ankoxon ¢ NaOCl
B NpUChCTBHE Ha NI-OKCHJHA CHCTEMa, KOETO B IIOCJIEICTBUE CE JOOKHUCIHSBA 0
OensoeHa kucenuHa (Pur.1c). JJombIHUTETHO NOTBBPXKIECHUE 3a PEATU3UPAHETO HA
rociaegoBareiaHa cxema Ha okucienne C¢{HsCH,OH— C(H;CHO— C¢Hs;COOH ca
JAaHHUTE, MOJYYEHU C NOMOIITAa Ha TBHKOCIOWHA Xpomartorpapus u UV-D”
CHEKTPUTE Ha AIMKBOTH OT PEAKIIMOHHATA CUCTEMA, 3aCHETU B PA3JINYHU MOMEHTH OT
HA4yaJ0TO Ha OKUCIUTEIHUS Tiporiec (¢ur. 2).
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®urypa 2. UV-D " cnekmpu ma peaxyuonnama cucmema: a- ) min; b- 10 min; c- 30 min

C men HaMHupaHe ONTHUMAITHUTE YCIIOBUS 3a ITBIHO MPEBPbIaHe HAa OCH3MIOBHS
aJIKOXOJl 10 OeH30eHa KHcelnHa ¢ yyacTue Ha NIi-OKCHJHA cucTema Oere
U3ClieIBaHO Oere BIUSHUETO Ha MacaTa Ha KaTalim3aTopa W TeMIlepaTrypaTa BBPXY
e(eKTUBHOCTTA Ha OKHCIUTETHUS Tiporiec (¢pur.3,4).
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8bPXY KUHEMUKAMa HA OKUCTUMENHUSL mopa 6vbpxy 8pememo 3a CeleKmMUHO OKUCTIeHUE
npoyec na CsHsCH,OH oo CsHsCOOH

Ot durypure € BUAHO, Y€ YBEIMYABAHETO HA KOJMYECTBOTO HA KaTajau3aTropa U
peakiMOHHATa TeMIeparypa OJIaronpusTCTBa CEJICKTUBHOTO OKHCJICHHE Ha OeH3H-
JIOBUSL aJIKOXOJI 10 OeH30eHa kucenuHa. [Ipu mpoBexiaHe Ha OKUCIUTEIHUS TIPOLIEC
npu 313 K 1 KOHIGHTparus Ha KaTanu3atopa 5 g.dm™ KoIMYecTBEHO MpeBpbIIaHe Ha
OCH3WIIOBUS AJIKOXOJI 10 OEH30€Ha KUCEeINHA e TIOCTUra 3a 15 MUHYTH.

Ha 6a3ara Ha monyueHuTe pe3yiTaTtd OT MPOBEICHUTE U3CIEABAHUS MOXKE /1a ce
NPEIJIOKU HO8 Memod 3a CUHTe3 Ha OeH3oeHa KucennHa. ChIVIacCHO MeToAa KbM
pastBop, chabpxkan] CsHsCH,OH ce mpubaBs karamusarop Ni-OKCHIHA CHCTEMa B
tersioBHO choTHOmmeHne CgHsCH,OH/kataimzatop 10:1 m oxuciouten NaOCI.
OKHMCIICHHETO Ce POBEKIA B TEPMOCTATUpPaH peaktop mnpu temmneparypu 20-40°C mpu
HEMpeKbCcHATO pa3z0bpkBaHe. Cren MbJIHOTO NMPEBpPbIaHe HAa OCH3UJIOBUSI AJIKOXOJ B
OCH30€Ha KHUCEIMHA, KaTaJIM3aTOpPhT CE€ OTAENs OT peaklMOHHATa cpeaa 4pes
¢untpyBane. Kem ¢untpara ce npubass H,SO4 10 mocturane na pH~2, npu koeto
U3KPUCTAIM3UPAT O€IM KPUCTAIM OT OeH30€Ha KucelrnHa. 3acHeTH ca IR-cnektpu Ha
nocJie/HaTa, KOUTO ca cpaBHeHU ¢ IR-ciekThp Ha O€H30€HA KHUCETUHA- MPOU3BOICTBO
Ha ¢upma “Merck”. MneHTHYHOCTTa Ha JBaTa CIEKThpa MOKa3Ba, Y€ 4pe3 Kara-
JUTUYHO OKHucJeHne Ha O6eH3mioB amkoxon ¢ NaOCl B npuchctBue Ha Ni- OKCHIHA
CHCTEMa € Bb3MOXKHO MOJTy4aBaHETO Ha OEH30€Ha KHCETMHA C BUCOKA YHCTOTA.

MeTonbsT € HpWIOKUM W 3a MPEYUCTBAHE HA OTHAJAHU BOJU, ChIAbPIKAIIM
OEH3UJIOB AJIKOXOJI U/WIH OCH3AIAEX M.
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CATALYTIC OXIDATION OF METHANOL OVER
ALKALYEARTH TUNGSTATES

Stefan Krustev
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ABSTRACT

The preparation of oxide divalent alkaliearth tungstate catalysts and the
investigation of their catalytic activity in the process of methanol oxidation are under
scrutiny in this study. The samples were prepared by the precipitation method and by
thermal method. Its catalytic properties were defined using a flow apparatus. The
concentrations of methanol as well as those of its oxidation products were examined
using the gas — chromatographic method. The results of the present study show that
the proposed method leads to the obtaining of active catalysts for complete oxidation
of methanol in gaseous phase. The main products of the methanol conversion are
carbon dioxide and formaldehyde. The catalytic activity of the tungstates of
alkaliearth metals toward the reaction of methanol oxidation depends on the system’s
composition and strongly increases with the rise of temperature .

Keywords: catalytic, methanol, oxidation, alkaliearth, tungstate.

INTRODUCTION

The searching for and screening of new classes of catalysts is of great
importance for the industry [1]. In this connection we carried out a systematic and
detailed study of the catalytic behaviour of some tungstates of divalent metals as
catalysts toward methanol oxidation. There are some publications and patents of
catalysts for selective oxidation of methanol, containing WO; or tungstates of di- and
trivalent metals [2, 3]. It is also known that the catalytic activity of samples obtained
by precipitation and by different heat treatment with respect to reactions, taking place
on their surface, is rather different[4-8]. The preparation of oxide divalent alkaliearth
tunstate catalysts and the investigation of their catalytic activity in the process of
methanol oxidation are under scrutiny in this study.

EXPERIMENTAL

It is known that in aqueous solutions of tungstates there is a complex balance
between the different ions of tungstate deeply influenced by pH of the medium,
temperature and concentration [9]. Factors like concentration of initial solutions,
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order of addition of solutions, temperature and pH during precipitation, stirring, aging
of the precipitate and calcination conditions is usually of major importance. The
samples studied were obtained by two ways — precipitation method and by thermal
decomposition. Precipitation was achieved by slow addition with continues stirring of
aqueous solutions of Me(Il) nitrate to sodium tungstate heated to 60 — 70 °C at
different pH values. Oxides of easily decomposing salts and tungsten trioxides are
usually applied. The process takes place to completion at about and above 1000°C.
Their phase composition was determined by X-ray, chemical and thermal analysis.
The X-ray analysis of the annealed specimens was performed by Phillips
diffractometer with Co-K,, radiation. The element analysis of the samples was carried
out by Perkin Elmer 3030 atomic absorption spectrophotometer.

The catalytic activity was measured by a flow apparatus at a concentration of the
methanol in the alcoholic aerial mixture 4 vol.% (1.8.10° mmol/cm’) at the
temperature range of 300 — 450° C. This value of concentration corresponds to the
highest degree of methanol concentration in industrial waste gases.

The methanol content was periodically checked using the oil-adsorption method

— methanol adsorption on silica gel at 0° C as well as a gas chromatography.
The gas analysis was carried out by a Perkin-Elmer Sigma gas-chromatograph. In
order to determine the CO, (CH,0),0 and CH;0H we used a steel column filled with
Porapak Q adsorbent and gas carrier hydrogen. To define CO the steel column was
filled with NaX adsorbent with gas carrier hydrogen.

Sample preparation and characterization

Some samples were prepared by using the precipitation method by slow addition
with continues stirring of aqueous solutions of Me(Il) nitrate to sodium tungstate in
temperature range from 20 to 80°C. The pH of initial solutions was maintained
constant during the composition process by addition of 10% NH; solution or 10%
HNO;, During the precipitation process pH of the solution must be maintained in
range of 4.0 to 6,5. A creamy precipitate was formed immediately. The slurry was
left under stirring for 30 min. The mixture was heated to dryness on a water bath
overnight, the result being white lumps. These lumps were ground up and washed
with distilled water in a Biichner funnel. This step was repeated some times. The
resulting powder, completely amorphous to X-rays, was heated at 550°C in the air for
6 h . Some samples were prepared by using thermal solid-state syntheses. Oxides of
easily decomposing salts and tungsten trioxides are usually applied. The process
takes place to completion at about and above 1000°C. X-ray and chemical analysis
determined their phase composition. Figure 1. presents X-ray diffraction patterns of
the samples treated at 550°C. The well expressed lines in the diffraction patterns at
values between Q = 26.8° and 28.2° can be assigned to WOs.

Catalytic measurements

The catalytic properties were studied in the temperature range between 300-450
T°C. Table 1 presents the distribution of the reaction products depending on the
content of the catalytic samples. The catalytic activity of all samples reaches its
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maximum at about 450°C. The results can prove that the highest activity show the
samples prepared by precipitation method. Probably thermal treating at about 1000°C
of the samples prepared by thermal synthesis has a negative effect on catalytic
properties of catalysts. The extent of the oxidation process to CO is substantial only
for MgWO, and BaWOQ, prepared by thermal method. Side reactions are more
important at low reaction temperature and low methanol conversion.

Table 1. Catalityc activity and selectivity of alkaliearth tungstates toward methanol

oxidation

Catalyst T°C X, X, X; Selectivity Total

CaWOy, 300 - 1.0 1.2 54,2 2.2

Precipitation | 350 - 1.5 1.2 54,2 2.2

method 400 - 2.9 4.6 61,0 7.5
450 - 11.2 8.2 42,2 19.4

SrWO, 300 - 1.5 1.8 54,3 3.3
Precipitation | 400 - 3.9 3.0 43,4 6.9
method 450 - 4.2 6.8 61,8 11.0
BaWO, 350 - 43 3.7 46,3 8.0
Precipitation | 400 - 6.2 3.9 38,6 10.1
method 450 - 9.5 4.3 31,2 13.8
MgWO, 300 - 2.2 2.5 53,2 4.7
Thermal 350 - 4.7 5.8 39,7 14.6
method 400 0.2 8.9 7.1 438 16.2
450 0.2 12.2 7.7 38,2 20.2

CaWOy, 300 - 1.3 34 72,4 4.7
Thermal 350 - 32 8.0 71,4 11.2
method 400 - 8.2 14.4 62,5 22.6
450 - 19.3 16.0 45,3 353

SrWO, 300 - 2.6 4.0 60,9 6.6
Thermal 350 - 4.7 19.4 80,5 24.1
method 400 - 10.6 20.3 65,6 30.9
450 - 28.6 14.8 34,3 43.1

BaWO, 300 - - 2.1 100,0 2.1

Thermal 350 - - 3.1 100,0 2.1
method 400 0.2 6.4 10.5 61,4 17.1
450 0.2 11.2 26.3 69,8 37.7

X1, X, and X3 — degrees of conversion of methanol (%) to CO, CO, and CH,O

It is known that the mechanism of methanol conversion over oxide catalysts is a
redox type mechanism. In this context, the steps of such catalytic system were the
object of several investigations. The reduction of the catalyst bulk by methanol only
seems to occur at temperatures higher than 230 °C while the reoxidation only starts at
temperatures higher than 270 °C. The reduction and reoxidation rates increase when
temperature rises.
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CONCLUSIONS:

o The different samples of systems Me(I)/WO; were obtained by precipitation
method and by thermal method. The samples prepared by thermal method have a
negative effect on catalytic properties.

o Methanol conversion over oxide catalysts is a heterogeneous process, redox
type mechanism . The main products are CO, and formaldehyde and major by-
product is always CO.

o The catalytic activity of the samples toward the conversion of methanol to
CO, strongly increases with the rise of temperature from 300-450 °C.
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BB3MOXHOCTHU 3A U3ITOJN3YBAHE HA A/IMABATUYEH
CJIOH ITPU CEJEKTUBHOTO OKUCJEHUE HA METAHO.I
BBPXY OKCUJIHHU KATAJ/IM3ATOPU
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Azpapen ynueepcumem — Ilnogoues

ABSTRACT

The two-stage oxidation of methanol on iron-molybdenum catalyst has been
investigated in order to estimate the possibilities for increasing the activity and
selectivity of the process by using of adiabatic layer after the main reactor.

Keywords: methanol, oxide catalyst, adiabatic layer

BBBEJAEHUE

OcHoBHATa CypoBHHAa 3a TMPOM3BOJCTBO Ha (QopMaIgaexu] € METaHOIbT, a
OCHOBHHUAT METOJ] — KAaTaJUTUYHOTO MY OKHUCJIEHHUE BBPXY METaTHU M OKCHIHU
karanuzaropu (1, 2). Cpegnust nobus e 87 — 88 % npu metanuute u 91 — 92 % npu
OKCHUJITHUTE KaTaJu3aTOpH.

W3non3yBaHuTe B MpaKTHKATA KEJISI30-MOJIUOICHOBU KaTalu3aTopu ca ¢ Ao0pa
AKTUBHOCT M CPAaBHUTEITHO BUCOKA CEIEKTUBHOCT (3). Bbrpeku ToBa HAKOM BHIIPOCH
ocTaBaT BCE OIlE OTBOPEHH 3a AMCKYCHSI MU ThpCEHE Ha HOBHU pemieHus. Te ca
CBbp3aHM IMpEAM BCHUYKO C M3UCKBAHUSTA HAa CHBPEMEHHUTE TEXHOJOTHHU 32
MIPOM3BOJICTBO HA JICTIMJIA M IUIACTMACH, HYXKJACIIM c€ OT CBOOOJIEH OT OCTaThuUCH
metorn (opmanmexun (< 0,5 %), kKakTo W C HamMalsiBaHE KOJWYECTBOTO Ha
CTpaHUYHUTE TMPOAYKTH U  TMO-HHUCKA Ce0EeCTOMHOCT Ha  MPOAYKLHUITA.
Y 10oBIETBOPSIBAHETO Ha TE3U W3UCKBAHMS Hajara THPCEHETO Ha YCJIOBUA 3a
IPOBEXKaHE HA Tpolleca, MPU KOUTO o0IaTa CTENeH Ha NpeBphIIaHe Ha METaHOJA €
Hag 98,0 %, a cemexTuBHOCTTA — HaA 92 %. B Hamero m3cienBaHe e 03HadYaBame
TE3U YCIIOBUS KaTo ,,IPUEMIIUBH .

3a YacTMYHO pelllaBaHEe Ha Te3U MPOOJEMU MPOU3BOAUTEIIUTE H3IOJI3YBaAT
JOMBITHUTENCH ana0aTUdeH CJIOW, Pa3MOoJIOKEH TO0JI OCHOBHHUS peakTop. Bbmpeku
IIMPOKOTO PA3MpPOCTPAHEHUE HA TO3M MOAXOJ B MPAaKTHKATa, B HAyYHAaTa JINTepaTrypa
JIMTICBAT KaKBUTO U Jia € M3CJIeJBaHUs B TOBa HampapiieHue. ToBa Hamara paborta 1o
WHTYUILIUSI, CBbP3aHa C PUCK OT CEPUO3HU 3aryOu B pe3yJiTaT Ha BTOPUYHO OKUCIICHUE
Ha MOJIYYEHHUS] B OCHOBHUS peakTop GopManaexus.
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Hacrosimara pabota € 4acT OT €JHO CUCTEMHO M3CJI€JIBaHE, KOETO 1€ MO3BOJIU
OTPENICNITHETO Ha TPAaHUYHUTE CTOMHOCTH HAa OCHOBHHUTE MapaMeTpy Ha mpolieca Ha
CEJICKTUBHO OKHUCJICHME Ha METAaHOJI BBPXY OKCUIHHU KaTajlu3aTOpu B OCHOBHUS
peakTop M B aauMabaTUYHMS CJIOM (WM TIOMOILIEH PEakTop), OCHUTypsIBaIIH
MaKCHMaJlHa CTEIEH Ha MPEeBphIaHE HA METaHOJIa TPU BUCOKA CEJIEKTUBHOCT.

MATEPHUAJIM U METO/HN

['pannyHUTE CTOMHOCTH HAa OCHOBHHTE MapaMeTpU Ha IpoIeca ca ONpeIesICHU
Ha MOTOYHA amnaparypa ¢ JBYCTEIIEHEH PEaKTOp, MO3BOJSABAIL I'bJIHA HE3aBUCHMOCT
Ha paboTara Ha KaTaju3aropa B OCHOBHHSI PEaKTOp M B MOMOIIHUS PEaKTOpP, UTPACIIl
poiisita U Ha anguabatudeH ciaoil. ChCTaBBT Ha MOCTHIIBAIIATA B OCHOBHUSI PEAKTOP
ra3oBa cMec, 00eMHaTa CKOPOCT U TEMIIEPATyPHHSIT PEKUM OCUTYPSBAT yCIOBHS 32
MIPOBEXKIaHE HAa EKCIEPUMEHTa, MAKCUMAIIHO OMM3KH 10 mpomuinieHuTe. CTernenTa
Ha MPEBpPBIIAHE HA METaHoJa B mbpBUsS peaktop Bapupa oT 80,0 mo 99,9 %, a
KOHIICHTPAILMATA Ha HEpearupaius METaHoJ Ha u3xox ot Hero € 0,1-1,5 %.

AHAJIU3BT HA PEAKIIMOHHUTE MIPOYKTH 32 ChIbPKaHUE HA OCTAThYEH METAHOI U
mumetuinoB erep (JAME) ce u3BbpmiBamie Ha ra3oB xpomarorpad ¢ IuiaMmbyuHO-
WOHU3ALIMOHEH JETeKTOop, a 3a chbabpxkanue Ha CO u CO, — C JeTeKTop Mo
TOTUIONTPOBOTHOCT.

[Ipy BcUYKM eKCepUMEHTH Oelle M3MOJI3yBaH MPOMHUIIJIEH — KENISI30-
MOJIUOICHOB Katanu3arop, npousBeaeH oT HEOXUM AJl (4), ocurypsiBai BUCOKa
CTEIEH Ha MPEBPHILIAHE HA METAaHOJIa IIPU CEJIEKTUBHOCT Hag 92 %.

PE3YJITATHU

Ha ¢ur. 1 — 4 ca npeacraBeHu pe3yiaTaTUTE OT U3CIEIBAHETO HA 3aBUCUMOCTTA
Ha oOIlara cTeneH Ha MpeBpbllaHe Ha MetaHona (X, %) cienq mpeMuHaBaHE Ha
razoBaTa cCMec IMpe3 aguadaTU4HMs CIIOM U cereKkTuBHOCTTA (S, %) OT Temneparypara
Ha ra3oBaTa CMeC Ha BXOJ B aauabatuunus cioil. Ha Bcska ¢urypa e ouepran
TEMIIEPATYPHHUS HAANA30H, B KOMTO MOJyYEHUTE PE3yaTaTH ca “‘npuemnusBn’ . Kakro
ce BIXKJA, o0lacTTa Ha NPUEMIIMBUTE pE3YyJITaTH C€ CTECHSIBA C HapacTBaHE
KOHIIEHTpalusiTa Ha METaHOJIa B IIOCThIIBALllaTa B aJda0aTUYHUS PEaKTOp Ta30Ba
cmec (0,1 % — ¢wmr. 1; 0,3 % — dur. 2; 0,7 % — ¢wur. 3 u 1,5 % — dur. 4,). ToBa 106pe
ce BIXKJAa OT ¢ur. 5, Ha KosiTa € MpeJCTaBeHa 3aBUCUMOCTTa Ha ,,lIPUEMIIMBUTE
pesynraru’ (3alpuxoBaHaTa IUIOII) OT TEeMIlepaTrypara Ha BXOJ B aJnaOaTUIHUS
CJION M KOHLIEHTPALUATA HA METAHOJIA HA BXO/| B alMa0aTUUHUS PEAKTOP.
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3AKVIIKOYEHHUE

[IpoyueHn ca BB3MOKHOCTHTE 3a H3IIOJI3yBaHE Ha aguabdaTHYCH CJIOW WIH

JOITBTHATEICH aquabaTHYCH PEaKTop MPU CEICKTHBHOTO OKHCJICHHE HAa METAHOI

BbPXYy OKCHIHHM Karajiu3aTOpd IpH OOEMHAa CKOpPOCT Ha Ta30BUS IIOTOK B
V) -1

agnaOatuunus cio 8740 h™'. Yceranoseno e, ue:

I.
2.
3.
4.

10.

1.

K

G.
K.

N3non3yBanero Ha anuabaTvyeH CJIOW MO3BOJISIBA MOBUIIABaHE Ha oOIara
CTEINEH Ha IpeBpbIIaHe Ha MeTaHoyia Hax 98,0 % npu cenektuBHOCT Hazd 92 %.
ChabppkaHUETO Ha OCTAThYEH METAHOJ BbB (pOpMaliiHa MpU TE€3U YCIOBUS HE
Hagumana 0,5%, a pa3xoabT HAa METAHOJ 3a MPOU3BOJACTBOTO Ha TOH 37 %
dbopmanun e moxa 435 Kr.

N3cnensanero nmokassa, 4e 3HAYMMO BTOPUYHO OKHCIIEHHE Ha (hopmanaexuia
B aina0aTUYHMS PEaKTOp 3aroyBa MPU CPABHUTEITHO HUCKHU TemiiepaTypu — 230
— 240°C. ToBa Hajlara BHUMaTelHa OIIEHKA Ha TPAHMYHUTE YCIOBUS, B PAMKHTE
Ha KHUTO 3aryOMTe OT TO3HM HEXKEeJlaH IMpOIeC Ce€ KOMIIGHCHpAT OT HapacTBaHe
oOIaTa CTENEeH Ha OKHCIICEHHE Ha METaHOJIa U TMOAOOpsSBaHE KaueCTBOTO Ha
KpalHUs IPOIYKT.

I'panunure Ha OPUIOKUMOCT HA aaMAOATHUYHUS CIIOH 3aBUCIT B TOJsIMa
CTENEH OT ChCTaBa Ha MOCTHIIBalllaTa B HEro razora cmec. HapacTBanero Ha
ChABPKAHUETO HA METAHOJI CTECHSIBA TE3W TPAHUIIM, KATO MPU KOHIEHTpAIUs
Hax 1,5 % npouechT cTaBa MKOHOMUYECKH HEU3TOJIEH.
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BJIUAHUE HA TEPMOOBPABOTKATA BBPXY HAKOU
OCHOBHU CBOMCTBA HA EJIEKTPOJIU3HO OTJIOKEHU
Ni-P IIOKPUTUA
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ABSTRACT

The properties of amorphous Ni-P coatings electrodeposited from an original
acid electrolyte are studied. The effect of temperature and duration of the thermal
treatment is followed on the chemical composition, surface morphology, micro
hardness, corrosion resistance and protective ability of the amorphous alloy.

Comparative investigations are carried out to elucidate the effect of the
deposition procedure — constant current or pulse deposition — on the physico-
mchanical properties of the produced coatings.

Keywords: Coatings, galvanic procedure, Ni-P, thermal treatment

BBbBEJAEHUE

BbB (usznkaTta u TEXHHMKaTa HHTEPECHT KbM aMOP(QHUTE METAIHHU CIUIABU
BB3HKKBA TIpe3 607 rogunn Ha XX Bek. OCHOBHUTE MPHUIIOKEHHS HA TE€3U TIOKPUTHS
ca 3a 3aMsiHa Ha XpOMOBMTE U TO IPEIUMHO B ClIy4yau, KOUTO M3MCKBAT paboTa mpu
BUCOKH Temneparypu.OCBEH TOBa T€ MOraT Ja C€ HaHacAT M KaTO CAMOCTOSITEJIHH,
3alIUTHO-/IEKOPATUBHU MOKPUTHS WM KaTo OapuepeH CJoW Mpeau IOo3JaTsABaHE Ha
MEHU MOJIOKKH. 3apaj iy TAXHATa XMMUYECKA YCTOMYNBOCT B OCHOBH M OpraHUYHH
KHCEJIMHU, TO3U BHUJ HUKEJIOBH IOKPUTHUS CE M3IO0JI3BAT BCE IOBEYE B Pa3IUYHU
CTpaTernyecku o0JacTy Ha MAIIMHOCTPOEHETO U MPUOOPOCTPOCHETO

[lenTa Ha HacTOALIETO H3CIEJBAaHE € Ja C€ HU3yyaT HIKOM CBOICTBAa Ha
€JIEKTPOJIN3HO OTIOXKEHH, amMoppHu Ni — P THOKpUTHS OT OprUHaJ€H, KHCEl
CIICKTPOIUT W Ja C€ TMpOCIeIr BIUSHUETO HAa TepMooOpaboTKaTa /HEWHATa
OpOABDKUTETHOCT M Bpeme/ BBPXY TAXHATa CTPyKTypa, (a3oB CbHCTaB,
MUKPOTBBPAOCT, KOPO3UOHHA YCTOWYMUBOCT U IOPUCTOCT.

Enexmponum u pexcum na omnazane

Kucenure enekTpoianTH 3a eJeKTPOXUMHUYHO NojydyaBaHe Ha Ni-P mokputus ca
NOPEANOYUTAHU IIPEeJ AJKAJIHWTE, MOpagu TsAXHATa BHCOKA CKOPOCT Ha OTJarase,
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HECIIO)KEH ChCTaB, MO-HUCKA KOHIIGHTPAIHs HAa KOMILJIEKCOOOpa3yBarTes, CTaOMITHOCT
npu paborta u npectoid u aAp. CaMuUTE MOKPUTHS Ca CUTHOKPUCTATHH, C HaMaJleHa
MTOPUCTOCT, TTOBUIIICHA KOPO3MOHHA YCTOMYHBOCT, a ChIBPKAHUETO HA Pocdop B TAX
nmoctura 110 15%.

B mnacrosiero u3cieiBaHe € W3MOJI3BAH EIIEKTPOJIUT ChC CIEAHUS OCHOBEH
CbCTaB:

HukesnoB cyndar 280 — 300rp/n
HaTpueB xjopua 15 — 20 rp/n
6opHa kucenuna 20 — 30 rp/n
HatpueB xunodochur 20 — 30rp/n
pH=2+22

OcBeH TOBa TOW ChABpXKA OpPrHHAJIHA KOMOWHWpaHa J00aBKa OT OpPraHUYHA
KHCeNnHa U xjiopaMuH T B cboTHOIIEHUE 1:1.

OTtnaraneTro ce WM3BBPIIBA MPHU JIBA PEKUMA-TIOCTOSHHOTOKOB M WUMITYJICEH. 3a
MOJTbPYKAHE HA TIOCTOSHHA KOHIEHTparms Ha Ni*™ 6s1xa M30N3BaHM JCIACHBHPAHH
HUKEJIOBU aHOJH, KOWTO C€ PA3TBAPAT aKTHBHO JTa)Ke MPH BUCOKHU ITHTHOCTH HA TOKA
10 80A/mv> .

OIIUTHU PE3YJITATU U JUCKYCUSA

1. Xwumunuen cbcraB. Cpabpkanuero Ha ¢ochop B MOKPUTHUATA CE
KOHTpOJUpallle 4Ype3 yiaTpaBuojeToBa crnekTpockonus. Ha ¢ur.l e mnokaszano
BJIUSIHUETO Ha TeMIlepaTypara, KOHLEHTpalusTa Ha PEeIyKTopa M IUIBTHOCTTAa Ha
KaTOAHUS TOK BbPXY MPOLIEHTHOTO /B TErJIOBHU YacTH/ ChAbpkKaHUE Ha Gocdop npu
JIBaTa peKUMa Ha OTJIaraHe.

A
P.% r ®urypa 1. Bausnue na pasnuunu
Gaxmopu 6bpxy npoyeHMHOmMo
cvOvporcanue Ha ocghop npu
noCmMossHHOmMoKo8o (kp.1,2,3) u

umnyacro (kp. I L ) omnazane

ChIIOCTaBSIHETO HA JTAHHWUTE
MOKa3Ba, Y€ TMPH HUMITYJICHOTO
raJIBAHU3UPaAHE HE3HAYNTEITHO
/okono 1%/ ce  moBumIaBa
chabpkaHueTo Ha dochopa B
nokputueto. ToBa MMa 3HaYCHUE
3a TAXHaTa CTPyKTypa, (Ha3oB
CbCTaB, 3alUTHU U  (UBHKO-

. : : : » MEXAaHUYHU CBOMCTBA. [Tpu
50 60 70 80 T.°C  amOp(HH IOKPHUTHS KOIMYECTBOTO
5 10 15 20 C., g/l Hadochopa tpsaOBa na ¢ nax 7-8%.
. . : : > Pesynratute ot ¢ur.l mokaszsar, 4ye
2 4 6 8 I,A/dm’ Y P ’

dKO INTBTHOCTTA HAa KATOAHHUAT TOK
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ce yBenuun oT 2A/1M° Ha 6A/IM, ChIbpKaHUETO Ha (pocopa Hamanssa ot 9,5% Ha
6%. CrnengoBaTeiaHO, Bb3MOXKHO € OT pa3pabOTEeHHs] OT aBTOPUTE EJIEKTPOJIUT Ja Ce
T0JTy4aBaT aMOP(HH MOKPHTHS IPH HUCKH [LTHTHOCTH HA TOKA — 10 2A/IM’.

2. @a3oB cbcraB U cTpykrypa Ha Ni-P nokputus. Pa3oBus ChCTaB U
CTpyKTypaTa 0sxa M3CJeABaHU Ype3 METOAUTE HA PEHTTC€HOCTPYKTYPHUS aHAIMU3. 3a
Ja ce eNMMHUHUpA BIUSHUETO HA TMOMJIOXKKATa ce oTjaraxa Je0enud MOKPHUTHS
/20MKM/ TIpH TTBTHOCTH 2-6A/mM°. VCTAaHOBH ce, Ye MOKPUTHSATA OTIOKCHH IMPHU
2A/nM’ ca  MHOrO ONM3KH 1O CTBKJIONOJOOHOTO aMOP(HO CBCTOSHHEE.
[Ipenebpexxumo manika € KpuctanHata (aza or o-Ni, mpuTexasaml KyOudHa
KpucTtaiHa pemietka ¢ opuentanus [111]. CeirecTByBaHeTo Ha aBe (ha3u-KpUCTAIHA
¥ aMop(Ha e KOHCTaTHPaHO MPH MO-HUCKO ChabpxkaHue Ha (ocdopa — 10 6%. To3u
(akT e MOTBBP/IEH U OT APYTHU aBTOpH [1].

[Ipunaranero Ha
TepMOOOpaboTKa  BBPXY
MOKPUTHUSL OTJIOKCHH TIpHU
WIbTHOCT 2A/IM> M Chb-
abppkamu  Gpochop OKOIIO
8% mnpomeHsa TexHus ¢a-
30B ChCTaB U CTPYKTypara
HUM. Axo MPOIBJIKHU-
TEJTHOCTTa Ha TepMooOpa-
O6oTkara € 1 yac mpu TeM-
neparypa 200°C usmeHe-
HUSATA Ca HE3HAYUTEIHHU.
O6aue mpu 400°C ce Hapy-
niaBa aMop(pHOTO CBCTO-
SHHE W CTPYKTypaTa CTaBa
MOJUEPTaHO  KPHCTAJIHA.
Pazrnenanute ¢azoBu mnpe-
BPBILIAHUS Ca TIOTBBPJCHU
U OT JAU(EpeHIIMATHO-TeP-
MUYHUSL aHanu3 — ¢ur. 2
HaOmromaBauute wu3MeHe-
HUS B XapaKTEpHUCTUYHATA
TeMIiepaTypa, ChOTBETCT-
Ballla Ha BTOPUS MUHUMYM
¢ oOuyaiiHO 3a CHCTEMH,
MPEACTABISABAIA  TBBPI
pastBop. MmeHno c pas-
JUYHATa  CTPYKTypa H

da3oB cbcTaB ce 00sc-
®durypa 2. /[ugpepenyuanno mepmuuer anaius Ha Ni-P HSABAT W pa3jMKUTE BbB
NOKpUmMust OMJu10HCEHU NOCNOAHHONIOKOB60 npu (1)H3HKO'M€X&HI/II‘IHHTG U

i = 6 A/dm” (kp.1) u iy, = 4 A/dm” (kp.2) 3aIUTHU cBolicTBa Ha Ni-P
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MOKPUTHUSI B U3XOJHO ChCTOSIHUE U Ciie]] TepMooOpadoTka [2].

3. MukporBbpaoct Ha Ni-P nokputusa. Ts Oe ompexaensHa mo MeToja Ha
Buxkepc.

[lonyuenute pe3yJTaTu HajaraT W3BOJA, Y€ MPUIAraHeTO HAa HUMIYJICEH TOK
MOBHIIIABA MUKPOTBBPAOCTTA ¢ 0K0Io 100KI/MM>, KOETO Ce JIBJKH Ha T0-BHCOKOTO
ChAbpKaHue Ha pocdop, a OT TyK U Ha MO-ACHO U3pazeHara aMmopdHa CTPyKTypa.

OnrumanHara TeMIeparypa 3a TepMooOpaborka Ha mokputusra € 600°C —
¢wur. 3.

IIpu Hest MUKPOTBBPAOCTTA CE TOBHIIABA MOBEYE OT ABA IBTH — OT 320Kr/MM’
Ha 680kr/MM°. TO3H OIHTHO yCTaHOBEH (DAaKT Ce Pa3iMdaBa OT MPEIOPHUBAHUTE OT
Apyru aBTopu ontuMannu Temmeparypu or 300°C [2] u 200°C [3], Bpeme Ha
TepMooOpadoTKa 24 yaca 1 cBOOOJEH TOCTHI Ha Bb31yXa.

M

2
mm

700 -

600 -

500 -

400 -

300 A

200

100

| | | | >
0 200 400 600 800 T,°C

®durypa 3. Bausnue Ha memnepamypama Ha mepmooopabomka (epeme 1 uac) vpxy
Mukpomevpoocmma Ha Ni-P nokpumus omnodxcenu ¢ NOCMosiHeH MoK 8bpX) CIMOMAHEHA
: 2
noonoxcka npu iy = 2A/0m".

[TpuponaTta Ha MOIOKKaTa /MEJl MJIM CTOMaHa/, KAaKTO U MPOMSIHATa Ha BPEMETO
3a TepmooOpaboTtka oT 0,5-2 yYaca He BIUAAT BBPXY CTOMHOCTUTE Ha
MHUKPOTBBbpAOCTTA. [loBHIIaBaHETO Ha KaToxHATa IUIBTHOCT HAa TOKAa HaMaJlsiBa
ChabpKaHueTo Ha ¢ochop B TMOKPUTHETO M 3aTOBA TOJIYYCHUTE CIEJ
TepMOOOpabOTKaTa MUKPOTBBPIOCTH CHIIO Ca MO-HUCKHU.
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®durypa 4. Karogau (xp.1,2,3 ) u anonnu (kp.4,5,6) moasapu3aiimoOHHU 3aBUCUMOCTH, CHETH
BBPXY TalBAHH3MPAHH [PH €IHAKBA INIFTHOCT Ha ToKa (2A/1M°) 1 TepMoobpaboreny (1
yac) obpasiu: kpusu 1,4 - 200°C; kpusu 2,5 — 400°C; xpusu 3,6 — 600°C
/menHa moytoxkka/, kpusa 7 — 600°C / cromaHeHa 1MOJT0XKKa /

4. Kopo3noHHa yCTOWYMBOCT W 3alIMTHU cBoWicTBa Ha Ni-P mokpurtus. 3a
OLIEHKa € Mpujiaran 0bp3 eJIeKTPOXUMHUEH METO[, MpU KONTO oOpaszena ce mojajara
3a KpaTKO BpeME Ha BbHIIHA AaHOJHA MOJSAPU3ALMS MPH IOCTOSHEH aHOIEH
noreHman E,, KOUTO € Mo-MojgoKuTeNeH 0T KOpo3uoHHus E. Ha mojuioxkara u no-
oTpuuareieH or To3n Ha Ni-P nmokputue msMmepeH mnpeasapurenHo. llomyuenure
HOJISIPU3AIMOHHN 3aBHCHUMOCTH ca Moka3zaHu Ha ¢ur. 4. OT ChIIOCTaBSIHETO UM C€
BIDK/Ia, Y€ HHUCKOTeMIlepaTrypHata TepmooOpabotka mpu 200°C He mopMeHs
KOpPO3UOHHATA YCTOMYUBOCT. B TO3M Ciiydail He HACTBIIBAT IIPOMEHU B CTPYKTypaTa 1
(dazoBUsl ChCTaB, HE C€ NPOMEHS HU3XOJHATa MHUKPOTBBPIOCT, HE € BB3MOXKHO
o0pa3yBaHEeTO Ha OKHUCEH (DHJIM BBPXY MOBLPXHOCTTA, CyOnumupane Ha docdopa
vy B3auMHa nudysusa. C nosumasane Ha temieparypara Ha 400°C KOpO3HOHHUST
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MOTEHI[MAT C€ M3MECTBa B OTPHUIIATENIHA MOCOKA, KOETO C€ ABJDKM Ha TOosBaTa Ha
HoBaTa ¢aza Ni;P u HamansBane Ha KoiauuecTBOTO Ha (ocdopa BCIEICTBUE HA
cyonumarius u qudysus B nmojsoxkara [4]. Hapen ¢ Te3u npouecu mpu mo-BUcokaTa
temneparypa 600°C [OIBJIHUTENIHO Ce HAcjarBaT W JiBa MapajelHd Ipoleca —
oOpa3zyBaHe Ha OKHCEH (UIM BBPXY MOBHPXHOCTTA M 3acuiieHa JUQY3US MEKITY
MOJIJIO’KKATa U MOKPUTHUETO.

Korato mudynmupanuar ¢ocop noCTHTHE MOIOKKATA TOMBIHUTEITHO CE
oOpazyBa omie eaHa HoBa (aza oT wmeneH ¢Gochun. Bewuku Te3u mpouecu
3aTpyAHSIBAT MHTEPIPETUPAHETO HA XOJla Ha aHOAHUTE MOJISIPU3AIMOHHU
3aBUCUMOCTH W TPaBU HEBB3MOXKHO E€JHO3HAYHOTO OMpE/AeisiHe Ha KOpPO3MOHHATa
IUTBTHOCT Ha Toka.Kareropmuno ce Hamara H3BOABT, Y€ C YyBEJIWYaBaHE Ha
TeMIepaTrypaTta Ha TepMOOOpabOTKa YYBCTBUTEIHO HApacTBa CBPBHXHAIPEKEHUETO
Ha OTJEJISIHE Ha BOJIOPO/I.

KauecTBEHO CHIIUAT X0/ Ha aHoAHAaTa moJspusarus npu 600°C ce HabirogaBa u
IpH CTOMaHEHW TMOJIOKKH, KaTo TOJSpH3alMOHHATA KpUBa B TO3U CIydail €
M3MECTEHa OIIe MO-CUIIHO B MOJIOKHUTENTHA TTOcoKa — (ur. 4, kpuBa 7.

3AKJITIOYEHUE

N3cnenBanusT Kucen eNEeKTPOJIUT 3a rajiBaHW4YHO otiaraHe Ha Ni-P nmokputus
JaBa BB3MOXKHOCT 3a MOJy4aBaHe Ha MOKPUTHS ChAbpKaim Gocdop ot 8,5-5,5% B
MHTEpBAI OT KATOAHM ILTbTHOCTH OT 1-8A/nm’. Msxommara CTpyKTypa Ha
MOKPUTHETO TIPU ChIabpKaHue Ha ¢ocdopa Hax 8% e mpeobiagaBano amopdpHa —
TBBPJI Pa3TBOP Ha 3aMecTBaHe Ha Pocop B HUKENT C HE3HAYUTEIHH BKIIOUCHUS HA
kpuctaieH o-Ni. KpucranHocrra ce yBeaMyaBa C HapacTBaHE Ha KaToaHaTa
IUTBTHOCT T.€. C HAMaJIsIBaHE Ha ChAbPKAHUETO HA Pocdopa.

C moBumaBaHe Ha TeMIEpaTypaTa Ha TEPMOOOPAOOTKA UyBCTBUTEIHUA MPOMEHH
mactenBar cuex 200°C, kato amopdHaTa CTPYyKTypa IPEMHHaBa B KPHCTAJHA,
pekpucTanu3upa HoBa (aza — UHTEPMETATHOTO cheauHenne NizP u ce nosiBsiBa § —
Ni. [Ipu nocrosHHa TeMriepaTypa BpeMeTo Ha TepMoodpadoTka /0,5-2yaca/ He oka3Ba
CBHIIECTBEHO BIWsSHUE. MaKCMMaliHa MUKPOTBHPAOCT OT 350-680Kkr/MM° ce JIOCTHUTA
pu 600°C ¥ mpoabIDKUTENHOCT 1 yac.

[IpoBeneHUTE CpaBHUTEIHU H3CIEABAHUS MOKAa3BaT, Y€ HMITYJICHOTO OTJIaraHe
HSIMA pelaBalio 3Ha4eHHE BbPXY (PU3NKO-MEXaHUIHUTE CBOMCTBA HA Ni-P mokputusi.
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ABSTRACT

The results of calculation of thermodynamic properties of liquid Ag-Au-Sb
alloys are presented in this paper. General solution model has been applied in the
calculation procedure, based on the starting binary data taken from the COST 531
database. The investigations were done in the sections from each corner with molar
ratio of other two components equal to 1:1, 1:3 and 3:1. Thermodynamic quantities
were determined at the temperature of 1400K using applied method.

Keywords: thermodynamics, lead-free solders, Ag-Au-Sb system

INTRODUCTION

There are numerous lead-free solder alloys, which are considered nowadays as a
possible alternative to conventional Pb-bearing solders [1]. One among different
systems, which are the subject of different investigations recently, is the Ag-Au-Sb
ternary system. This system could present an important alloy system in the
development of substitute solder systems with low freezing points and high strengths,
as well as an interesting possibility concerning the high heat loads.

In the Ag-Au-Sb system, three low-order binary subsystems are experimentally
well established and thermodynamic evaluation of each system has already been
attempted. The most complete reviews of thermodynamic data for constitutive
binaries Ag-Au, Ag-Sb and Au-Sb are given in [2], [3] and [4], respectively, and also
in the COST531 Database [5].

As a contribution to the more complete knowledge of thermodynamic behavior
of this lead-free solder candidate-system, the results of thermodynamic properties
calculation for liquid Ag-Au-Sb alloys, using general solution model, are presented in
this paper. Such given set of thermodynamic data for liquid Ag-Au-Sb alloys could
be useful for further assessment of this system.
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THEORETICAL FUNDAMENTALS
The basic equations of general solution model [6,7] are given as follows:

) AG" R (A% + A" (iil-Xz) + A%, (>2<1-X2)2) +2X2X3 (A% + Ay (x0x3) +
A (X-X3)") +X3X; (A% + Az (X3-X1) + AT (X3-X1)7) + £X1X0X3 (1)
where A°, Alij, Azij are parameters for binary system "ij" independent of
composition, only relying on temperature, which have been used in the regular type
equation:

AGH = XX (A% + A (Xi- X))+ A% (X - X)) + ...+ A" (X - X)) (2)

€699
1

where X; and Xj indicate the mole fraction of component and “” in “i)” binary
system. The function f is the ternary interaction coefficient expressed by

= (281, -1 {A% (2612 -1)x3 + 2(x1-%2)) + Ao} + (2855 -1){A%53 (€3 -D)x +
2(xo-x3)) + Alys} + (2831 -1){A% (2831 -1)xo + 2(x3-x1)) + A'51}, (3)

where §; are the similarity coefficients defined by #; called the deviation sum of
squares [6,7]:

&=ni/(nitn;) (4)
where
n, = T (AG; —AG, )’ dX, (5)
X=0
and
Xy =% 45, (6)

In all given equations, AG" and AG"; correspond to the integral molar excess
Gibbs energies for ternary and binary systems, respectively, while x;, X, X3
correspond to the mole fraction of components in investigated ternary system.

RESULTSAND DISCUSSION

The alloys in three sections from the every corner with molar ratio of other two
components equal to 1:1, 1:3 and 3:1, and with molar content of main component
equal to 0.1; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8 and 0.9, were investigated. The
investigated system was considered in the order 1-2-3 related to Ag-Au-Sb.
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Basic data for the calculation were taken from the COST 531 Database and
include characteristic Akij (see Eq.2) parameters for liquid phase of each binary

system as shown in Table 1.

Table 1. Starting binary A*; parameters for each constitutive binary system

AG";, kJ/mol
System i-j A% Al A
Ag-Au -16402+1.14T 0 0
Au-Sb -15437.35-4.63455T | -18854.1+15.64707T -4271.85
Ag-Sb -821.8-9.6561T -19309+4.4239T -10381.2

Further, the integral molar Gibbs excess energies for chosen alloys in the Ag-
Au-Sb system were calculated using general solution model, given through Egs.
(1-6). Partial thermodynamic quantities were derived using the following equation:

1

OAG*
F_AGH =X, 7
G =AG +( e J(l X)) (7)

which enabled determination of responding activity coefficients and activities of the
“1” component. Calculated thermodynamic properties for all investigated alloys at
the temperature of 1400K are presented in the form of graphical representations of
the dependence of integral molar Gibbs excess energy and activity on composition
for different sections in the ternary Ag-Au-Sb, as shown in Fig. 1 and 2, respectively.

Figure 1. AG® vs. composition for different sections in the Ag-Au-Sb section at 1400K

a) sections from Sb corner b) sections from Au corner
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It can be seen that the integral molar excess Gibbs energies in the ternary Ag-
Au-Sb system are negative in all investigated sections (Fig.1), with a minimum value
of about -6kJ/mol. Activities of all constitutive components in the investigated
system show negative deviation from ideal behavior, which indicates to a good
mutual miscibility of the present components. Such obtained results may contribute
to the thermodynamics of this system, because experimental thermodynamic data are
still missing in literature. Also, these results could be used for the further
investigations of the Ag-Au-Sb system phase equilibria in order to determine accurate
phase diagram of this ternary system.

Figure 2. Activity vs. composition for different sections in the Ag-Au-Sb section at 1400K

a) sections from Sb corner b) sections from Au corner
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CONCLUSIONS

The results of calculation of thermodynamic properties of liquid Ag-Au-Sb
alloys are presented in this paper. General solution model has been applied in the
investigations done in the sections from each corner with molar ratio of other two
components equal to 1:1, 1:3 and 3:1. Thermodynamic quantities were determined at
the temperature of 1400K using applied method and may be used for further research
of the phase equilibria and thermodynamics of this lead-free solder candidate.
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ABSTRACT

In the present research work it has been studied the influence of enzymatic
treatment with a-amylase on the dynamic viscosity of potato puree. On its values is
exerted an influence by the temperature of treatment and the quantity of added
enzyme. During the optimal temperature of the enzyme influence 70°C, the viscosity
values under velocity gradient D = 0,95 [s'l] are as follows — 15,61 [Pa.s], the second
variant — 4,65 [Pa.s] and the third variant — 2,66 [Pa.s], i.e. the decrease of viscosity
in relation to the control is almost 3,5 times for the second variant and 6 times for the
third variant respectively.

Knwuosu oymu: kapmodghu, niope, a-amunasa, suckosumem

BBBEJIEHUE

Kapropure ca crparermuecka kynrypa 3a bwarapus. Chc cBosi Oorar u
pa3HOOOpa3eH XUMHUYEH CHhCTaB T€ HAMUpAT MPWIOKEHUE TMPU TOJydyaBaHEe Ha
Pa3JIMYHU MPOIYKTH.

CkopOstaTa € OCHOBEH KOMIIOHEHT OT CYXOTO BEIIECTBO Ha Kaprodute. Ts
ChCTaBJIsIBA OKOJO 75% OT CyXOTO BEIIECTBO U € OT ChIIECTBEHO 3HAYECHHUE MPH
npepaboTkata uM. EqHO oT Hali-BakHUTE Ul CBOMCTBA € HaOBOBaHETO U BHB BOJA MIPU
NOBUIIIABAaHE Ha TeMIlepaTypara, IpH KOETO ce o0pa3yBa BHUCKO3E€H KOJOWJEH
pasTBOp.

CkopOsutata u cpoiHUTE U TIOJU- M OJIUTO3aXapuau ca CyOCTpaTH 3a IeMCTBUETO
Ha aMWIOJUTUYHUTE €H3UMU. TS € ABYKOMIIOHEHTHO CBhEAUHEHHE, ChCTOSIIO CE OT
13-30% ammiiosa u 70-87% aMuIONeKTHH. AMUIIO3aTa € HEPA3KIOHEHUAT TOJIUMED C
o-1,4-TJIFOKO3UAHN BpB3KH, 4 aMUJIONEKTUHBT — PA3KJIOHIBAILUAT CE MOJIU3AXapU/, B
KOWTO pa3KJIOHEHUSITA HA IIIIOKO3U/IHATAa BEPUTA CE€ IBJIKAT Ha o-1,6-Bpb3KHUTE.

[To mscTOTO Ha ACiCTBHME BHPXY MOJIEKYyJIaTa HAa CKOpOsuiaTa aMuiia3uTe OuBat
IBa THNAa — CEHJAOAMIWIA3W U eK3oaMmwiazu. EHToaMunasute KaTalnu3upar
pa3pylIaBaHeTO Ha BHTPEILIHU TIIOKO3UJIHU BPB3KM Ha CyOCTpaTa U TUIUYEH TEXEH
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Ipe/ICTaBUTEN € o-aMujiazata. Ex3oaMuiaszurte arakyBaT cyOcTpaTa MociieI0BaTeIHO
OT HepeayIHpanus Kpaii Ha Bepurute. TUMHYeH MpeACTaBUTEN Ha €K30aMUJIA3UTE Ca
B-ammitazata v rIrOKOaMuiIa3ara.

a-AMuiia3aTa € MUPOKO Pa3NpPOCTPAHEH €H3UM, KOMTO ce ChAbpikKa B PACTCHUS
(Hamp. Mann), B d)KUBOTUHCKH OpraHu (CIIIOHKA, 3aICTOMAIITHA *JIe3a) U C€ CUHTE3Upa
OT MHOTO MUKPOOPTraHU3MHU, I1aBHO OakTepuu U rbou. [IpomuiiieHo 3HaueHue uMar
OakTepuitHuTe TpoayneHTH ot p. Bacillus u mmeceHHuTe NPOAYIEHTH OT P.
Aspergillus.

a-AMunazara KaTajau3upa XuApoJivM3aTa Ha BBTPEIIHU 0-1,4-TIOKO3UIHU
BPB3KH, B PE3yJITaT Ha KOETO C€ MOJyyaBaT OCHOBHO oyinro3axapunu. Hapuua ce a-
ammuiIasa, Thi KaTo OCBOOOJIEHUTE B MaJKU KOJIMYECTBA MaJITO3a M TIIFOKO3a Ca CbhC
3ana3zeHa KoHpurypanus (o-anomepHa popma).

[lenta Ha pa3zpaboTKaTa € a ce U3cieABa BIUSHUETO HA €H3MMHATa 00paboTka
C 0-aMHJIa3a BbPXY IMHAMHYHUS BUCKO3UTET Ha MIOpPE OT KapTO(H.

MATEPUAJIN U METOIHN

3a npoBexkJaHe Ha €KCIEPUMEHTATHUTE M3CIIECIBAHMS Ca U3IMOI3BAHU KapTodu
€CeHEH COpT ATpHus, JOCTaBeHHU OT ThProBCKAaTa MpeXka.

PazpabGorenu ca onuTHu JabopaTopHu 00pasiy KapTo(eHO MIOpe B CICAHUTE
BapUaHTH:

- I BapuanT — koHTpona, 6€3 eH3uMHa 00padoTKa;

- II Bapuant — mope ot kaprodu, o6padoteHo ¢ 1%-eH pa3TBOp Ha O-amMuIia3a B
konuuecTBo 2 ml / kg mrope ;

- III Bapuant — mrope ot kaptodu, odpadoreHo ¢ 1%-en pa3TBOp Ha o-aMHIIa3a
B KonmdecTBO 5 ml / kg mope.

N3noms3Banara o-amwmiasza [EI 3.2.1.1] (1,4- a-D-ritokaH-TriiokaHOXUIpOJIa3a) €
oT OakTepuayneH npousxon — Bacillus sp. TlpenaparbT € TEXHUYECKH 33 XPAHUTEITHU
IeNny, TPOM3BOACTBO Ha 3aBojJa 3a €H3UMH B boreBrpan. o-Amuiazata €
TepMocTabmiHa ¢ ontumyM Ha aeiicteue 70° C mpu pH 5,5-6,0 1 eH3UMHA aKTHBHOCT
okoso 100 exn. / mg.

[TpoOuTe ce moAroTBAT B CIAEAHATA MOCIEIOBATEIHOCT: KApTOPUTE C€ U3MUBAT,
MOYMCTBAT C€ OT KOXHUIaTa, M3IUIaKBAaT ce u ce BapaT. Cien M3IJIakBaHe WU
OXJIaXK/IaHe, CBapEHUTE KapTOo(hu ce HaMayKBaT U KbM TIX ce€ 100aBsi HEOOXOIUMOTO
KOJIMYECTBO Boja. Taka IMoydyeHaTa maca ce IMojJaBa Ha KOJOWJIHA METHHUIA. 3a
nmoJiydaBaHe Ha MIOpe OT KapTodu ¢ ¢uHA KOHCHCTEHIIMS C€ M3IO0JI3BAa KOJOWIHA
Menuuia Koruma, model Typ HSR 1-2.

W3mepBanusaTa Ha OWHAMHYHUS BHCKO3WUTET HA W3CJICIBAHUTE IMIOPETa OT
kapTtodu ca npoBenenu npu temmeparypu 20, 30, 40, 50, 60 u 70°C u paznu4HH
CKOPOCTHHM TpaJMEHTH. 3a LeiTa Ce H3MO0J3Ba POTAIMOHEH BUCKO3UMETBD THII
“Reotest 27, uameputenHa cucteMa S/S; 1 00XBaT Ha CKOPOCTHUS rpaaueHT oT 0,5 1o
218,7 [s™].
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PE3YJITATU U OBCBHXKIAHE

Ha ¢wur. 1 u 2 ¢ nageHo n3MEHEHUETO Ha TUHAMUYHUS BUCKO3UTET Ha IIOpPE OT
KapTodu B pa3IMuHU BapUAHTU MPU TeMIlepaTypa Ha M3MEPBAaHE U BbH3JACHCTBHE Ha
eH3uma cb0TBETHO 20 1 70°C 1 ckopocTeH rpaaueHT D [s'l] ot 0,5 10 218,7.

Ot durypute ce BUXKAa, Y€ MOJYYECHUTE PEOJIOTUYHU KPUBU HA M3TUYAHE 3a
BCSIKO IMIOPE MMAT €IMH U CBII XapaKTep U MOBEACHUE HAa HEHIOTOHOBU T€YHOCTH, 3a
KOUTO € XapaKTepHO, Y€ CTOMHOCTUTE Ha BUCKO3UTETA Ca PA3JIMUHU MIPU PA3IMUYHUTE
CKOPOCTHH TPAJIUEHTH.

60
350
=40
30
20 -
10

CRCICIONR

5.9 . 95N

N
Sol \f:;j-; q}b"y b‘Qw (\q/'a\q/ 5 \OO"

v
Da S-1

®urypa 1. [unamuuen uckozumem Ha niope om Kapmogu npu memnepamypa Ha
usmepagawe u vsoelicmsue na enzuma 20°C
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®durypa 2. /[unamuuen suckoumem Ha nope om Kapmogu npu memnepamypa Ha
usmepasawe u vsoelicmsue na enzuma 70°C
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[Ipn BcHMYKM TeMmmepaTypyd Ha MPOJAYKTa M 3a BCUYKU CKOPOCTHU TPAIUCHTH
JTUHAMUYHUAT BUCKO3UTET € C Hal-BHCOKA CTOMHOCT mpu | BapuaHT (KOHTpOJa) U C
Haii-Hucka — npu 11l Bapuant (mope ot kapTodu, oo6padoreHo ¢ 1%-en pa3TBop Ha a-
amuiaza B koaudectBo 5 ml / kg mope). Hanpumep npu ckopocten rpaauent D=0,9
[s'l] U Temneparypa Ha udMepBaHe 20°C BUCKO3UTETHT € ChOTBETHO 32,56; 26,58 u
11,96 [Pa.s] mpu I, II u IlIBapuanT, T. €. HamansABaHETO HA BUCKO3UTETA CIPSIMO
KoHTposara € 1,2 metu 3a Il BapuanT u 2,7 netH 3a III Bapuant. IIpu ontumannara
TeMIieparypa Ha Bb3aeicTBUe Ha eH3uMa 70°C CTOMHOCTUTE Ha BHUCKO3UTETA IpHU
D=O,9[s’1] ca cineguure: | Bapuant — 15,61[Pa.s], II Bapuant — 4,65 [Pa.s] u III
BapuaHT — 2,66 [Pa.s], T. €. HaMaJIsIBaHETO HAa BUCKO3UTETA CIPAMO KOHTpOJATa €
noutu 3,5 nbTH 32 I Bapuant u 6 bTH 3a 111 Bapuanr.

[ToBumaBanero Ha Temmeparypata ot 20 go 70°C Boau A0 HamaisiBaHE Ha
CTOMHOCTUTE HA BUCKO3UTETA U MPHU KOHTpOJaTa, U MPHU MIOpeTara, 0OpabOTeHH C
eH3uMeH pastBop (¢ur.3). Ipu ckopocten rpaguent D=0,9 [s'] ToBa HamaneHue ¢ 2
I'BTH 33 KOHTPOJIATa U OKOJIO 5 IBTH MPU EH3UMHO 00pabOTEeHUTE MIOPETAa.

o 35
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®urypa 3. /[unamuyen suckozumem Ha niope om Kapmogu npu cKopocmeH 2paoueHm
D=0,9 /5" Ju pasnuunu memnepamypu na usmepsane (20, 30, 40, 50, 60 u 70°C)

Pesynrature ca JIOTHYHM U ce OOSICHABAT C pPasTpaKIalloTo JeiicTBUE Ha
€H3MMa O-aMuiia3a BbpPXY CcKopOsjgaTa Ha IMIOpe OT KapTopu [0 TO-HUCKO
MOJIEKYJISIPHU CHEAMHEHUS, BOJICHIM PECIEKTUBHO 10 BTEYHSIBAHE Ha MPOJIYKTa U
HaMaJsiBaHe CTOMHOCTUTE Ha BUCKO3UTETA.

3AKJIFOYEHUE

[Tpu enzumua 06paboTKa Ha MIOPE OT KapTOo(hu € 0-aMuiIa3a BbpXy CTOMHOCTHUTE
Ha JVMHAMUYHUS BUCKO3UTET BIMSHHUE OKa3BaT TeMIlepaTypaTa Ha BB3JCHCTBUE U
KOJTHYECTBOTO Ha no006aBeHmss emsuMm. IIpu ckopocteH rpagment D=09 [s7],
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onTUMallHa Temneparypa Ha Bb3aeiicTBue 70°C u nobassine Ha 1%-eH pa3TBOp Ha a-

amuiaza B konnyectBo 5 ml / kg mrope, TMHAMUYHUAT BUCKO3UTET HamaisiBa 4,5
I'BTU COPSIMO KOHTPOJIATA.
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ABSTRACT

It has been carried out a review of persimmon different varieties and at the same
time it is given their rich and diverse chemical composition. It is pointed out their
high flavor and nutritional value, while it is shown their valuable characteristics as
foods on the one hand and their healing and prophylactic properties on the other
hand. It has been studied the wholesome influence on the human organism of the
persimmon during their regular consumption.

Knrouosu oymu: paiicka ab6wiaka, cbcmas, XpaHumenua CmotuHocm

Paiickara si0bJika € MO3HAaTa HA YOBEUECTBOTO OT JbjOOKa ApeBHOCT. Ts cnana
KkbM ceMeiicTBO Ebenaceae, poa Diospyros. Hapuuar s “xpana 3a 6orosere” HE camo
3apaji OTHEHO-OPaH)XEBOTO OIIBETSBAHE, a TJIABHO 3apaiu Ooratusi U pazHOOOpas3eH
CbCTaB Ha IUIOJIOBOTO Meco. Pailickara s0Bbjika ce OTriexnaa, 3alloTo €IpUTe U
KpacuBU IUIOJIOBE MMAT BHUCOKAa BKYCOBAa M XpaHHUTEIHA CTOMHOCT ¢ OJaroTBOpPHO
BJIUSIHUE BBPXY YOBEIIKUS OpraHu3bM. COYHUTE IJIOJIOBE Ca MHOTO IMOJE€3HU H
CMsITaHW 3a JieueOHHW, 3apaau OalaHCHUpaHUS CbCTaB HA: PEAYIUpAIId 3axapH,
KHCEJIMHU, TIEKTUHOBU BEIECTBA, ChIbpkaHue BUT. C U JIpyry 1IEHHU BUTAMUHU U
MuHepanu (2,3).

[InoabT Ha palickata si0OBJIKA CE€ ChCTOM OT KOXKHIA, COYHA MECecTa 4acT U
CEMEHa, YMETO KOJMYECTBO € cropes copta — oT 1 g0 6 Op. u nmoBeue. Macara um ce
newxu ot 50 no Hag 300 rp. Ilo gopma, miomoBere Ha paiickara si0bJiKa OUBAT
3aKpBIJICHH, CIJIECHATH, UJIUHIPUYHU, OBAIHU WM KHCO KOHYCOBUIHU. PalickaTa
A0bJIKa UMa TojiIMO pa3HOOOpa3ue OT COPTOBE, KOUTO C€ pa3iMyaBarT Mo pa3MepH,
apoMaT W OIIBETsABaHE Ha IUI0JA, TO ChAbpPKAaHUE Ha JABOWIHM BeIECTBA B
HEJO03peNuTe IUIOJI0OBE U JIpyrd mpu3Hauu. [Ipu HIKOM COpPTOBE ILIOJOBETE Ca
npeaumMHo Oe3 cemena (Kocrara), a npu Apyru NpeauMHO c¢be ceMena (YuueOyiw,
dyiio).
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XUMHUYHUAT CbCTAaB Ha paiickata g0bJIKa € HENOCTOSHEH, H3MEHsS ce€ B
3aBUCUMOCT OT COpTa, pallOHa Ha pa3BUTHE, CTEIEHTAa Ha 3peIoCT Ha IUI0AA.
CplLieCTBEHN pa3auuMsl MEXIy COpPTOBETE MMa B ChAbPKAHUETO HA IHOWIIHU
BEILIECTBA, KOUTO IPHUAABAT Ha IUIOAA TpbIUMB BKyC. Henmospenure mionose Ha
MHOTO COPTOBE MMAT CWJIHO TPBIUMB BKyC. KOHCymMaTHBHATa 3peaoCT HACTHIIBA 110
BpeEME Ha CleI0epUTOCHOTO JOy3psBaHE Ha IUIOAA, IPU KOETO ce u3ryoBa
TPBIYMBOCTTA M C€ MOA00psBaT BKYCOBUTE My KauecTBa, CTaBa claibK. Te3u
IPOMEHHU Ca pe3yJTaT OT CIIOKHU OMOXMMHYHU MIPOLECH, MPU KOETO CE€ H3MEHS
XUMHYHUAT MY CbCTaB, pas3lazaT ce IbOWIHHUTE BeUlecTBa WM CE€ CBBP3BAT C
KOJIOUM 10 Hepa3TBopuMa (hopma, MpH KOETO ce M3ryOBa TPHIIUMBOCTTA Ha IUIOJA.
IIpn egHu coproBe TOBa CTaBa B HAYAJIHMSA CTaJAWM HA y3psBaHE Ha IUIOAA, KOTaTo
[[B€Ta Ha KOXUIATa C€ IPOMEHd, a IpU IOPyrd — MPU IBIHOTO MY Y3psBaHE.
YCTaHOBEHO €, Y€ B HETPBIYMBUTE IUIOJOBE pailcka s0bJIKa, KOJIMYECTBOTO HA
IPOBUTAMUH A U acCKOpOMHOBA KUCEIMHA € MO-TOJSIMO B CPAaBHEHHME C TPBITUHMBUTE
(2,3,6).

BkycoBuTe U XpaHUTETHU OCTOMHCTBA Ha paiickara si0ObJKa ce OMpPEeNesT OT
ooratus u pa3sHOOOpa3eH XMMHUUYEH ChCTaB Ha IJI0JI0BOTO MECO.

B Tabn.l e gameH xumuuHMs cbcTaB (cropen u3cienBaHus Ha ['py3uHCKH
Hay4YHO-U3CJIE0BATEIICKM MHCTUTYT [0 XpaHWUTEIHA NPOMMIUIEHOCT) Ha OTIEIHHU
COpPTOBE paiicka s10bJiKa, oTriiexkaana B ['py3us (2).

Tadoamnua 1. Xumuuen cocmas na pasnuunu copmose paticka A0viKa

Co

Xaums | Xumakyme | 3aHmxu- | Tamo | [IBane Unne Koc Dyiio Taiine Mapy

INokazarem Mapy TIaH cetn Oym Tara MOH
BEK

Cyxo Bemecto | 20,7 19,7 17,8 18,4 14,1 17,8 224 19,8 19,5 21,0
(Re),%
3axap 15,8 13,7 12,5 14,0 12,0 15,3 16,0 16,5 17,3 18,2
(vHBepTHA),%
3axapo3a,% 1,2 0,9 1,3 1,1 1,1 1,8 0,4 1,0 1,8 23
3axap(obmia),% 17,0 14,6 13,8 15,1 13,1 17,1 16,4 17,5 19,1 20,5
KucenuHoct 0,161 0,140 0,149 | 0,105 0,124 0,106 | 0,149 0,088 0,174 0,040
(10B19eHa),%
Jn0wmmHn 1,87 0,96 1,40 1,05 - 0,04 1,67 - 0,54 0,60
BelecTBa, %o
Bur.C, mg% 91 15,5 11,9 11,7 435 40,0 14,8 - - -
Kapotun,mg% 0,243 0,232 0,152 | 0,166 0,252 0,156 | - 0,336 0,033 0,150
JluxonmH,mg% 3,569 - 1,529 | 0,828 2,755 1,697 | 0,640 4,271 0,611 -
[exrun ,% 0,274 0,615 0,384 | 0,830 0,446 0,197 | 0,960 0,291 0,683 0,670
(xaroCa nexTar)
IMporomnekriH,% 0,511 0,330 0,614 | 0,355 0,359 0,435 | 0,695 0,558 0,426 0,770
A3or (001m),% 0,203 0,238 0,211 | 0,240 0,231 0,235 | 0,234 0,180 - -
Lemynoza,% 0,725 1,180 1,070 | 0,860 0,785 1,025 | 0,96 0,995 1,060 0,780
ITenen,% 0,277 0,490 0428 | 0434 0,502 0,399 | 0427 0,329 0,526 0,330

Ot nanHuTe B TabiMIaTa ce BIIKJA, Y€ CyXOTO BEIECTBO Bapupa B IIHUPOKU
rpanuny — ot 14% no 22,4%, a kucenuHHocTTa € cpenHo okoio 0,13% u e no-Hucka
CIIPSIMO Ta3W Ha TPAJUIMOHHUTE ILJIOJIOBE KAaTO SOBIKH, KPYIIH, AU, TOPTOKAJIH,
KalCHH, IPACKOBHU.
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MHoro ot copToBeTe paiicka si0ObJKa ca Ooratu Ha 3axapu, YUETO KOJIMYECTBO
HaJBUIlIABA TOBa Ha SOBJIKH, KPYIIU, MIIOJIW, TOPTOKAIM, KalCHUU, MPacKOBH.
brnarogapenue Ha BHUCOKOTO ChABpPXKAHHUE Ha JIECHO YCBOMMH 3axapu (IJIIOKO3a U
bpykTO3a) U HUCKAaTa KHUCEIMHHOCT Ha IUIOJA, paiickara siObJiKka ce sBsiBa LIEHEH
JTUETUYEH XpaHuTeaeH mpoaykT (1,2).

Paiickara si0biKka € 100BP M3TOYHUK Ha MEKTUHOBM BemiecTtBa — 0,46%, kato
JIOPU B 3PEIIUTE TUIOJIOBE ChABPKAHUETO Ha MPOTONEKTUH — 0,29% e mo-royisiMmo ot
paztBopumus nektud — 0,17% (tadmn.1).

Baxxnurte nmonudenonu B paiickara siObjaka ca BOJOPAa3TBOPUMHU TaHWHU, KOUTO
npuIaBaT TPHIYUB BKYC Ha IUIOAOBEeTEe. TaHMHOBUTE COPTOBE paicka sOBJIKa B
HE3PSUIO ChCTOSHUE ChABPXKAT A0 1,5 % (B oTnenHu ciiydyau U HOBEYE) AbOWIHU
BELIECTBA — TAHUHM, KOUTO 3HAYUTEIHO HAMAJISIBAT MU y3penuTe mionose (2,5). Ot
3HaYeHHE 3a XpaHUTEIHAaTa CTOMHOCT Ha paiickara sO0bIKa ca KAaTeXUHHUTE
(137,6mg%) u netikoantormanute (139 mg%), Kouto ce OTKpUBAT B TO3U ILIOJ.

[TpucbecTBUETO B paiickara a0biaKa Ha rojisiM Opoil Butamuuu karo BUT.C 6,4 —
44,5 mg%, xapotun 0,100 — 0,400 mg% u Buramunute E, B1, B2, P nonpunacs 3a
BHCOKaTa OMOJIOTMYHA CTOMHOCT Ha TO3M TUIO/.

Ot pesynratute B Ta0ja.l 3a memeaHO ChAbpPKAHUE € BUAHO, Y€ B MOBEYETO
COPTOBE paiicKa si0bJIKa 00IIOTO ChABPKAHUE HA Ternel ce ABMKU okoo 0,4-0,5%.

WN3cnenBanus Ha €JIEMEHTHHUs ChbCTaB IOKA3BaT, Y€ HAW-3aCTBHIICHU B paiickara
a0bpiKa ca enementute Ha kanmui (100 mg%), manran (8,2 mg%), xammmit (17,5
mg%), xens30 (0,5 mg%), itox (0,63 mg%) (1,2,3,4).

[Topaau 103U cu cbhCTaB, IJIOAOBETE Ca IEHHU HE CaMO KAaTO XpaHa U JUETUYHO
CPEIICTBO, HO Ce€ YImoTpeOsBaT u ¢ ieueOHo-nmpodmiaktuaaa nei. [Ipemoprusar ce u
KaTo CypOBMHA 3a JeTCKU XpaHu. [lo XpaHuTenHu BellecTBa paiickata si0bjIKa HE
OTCTBHIIBA HA T'PO3JIETO, & CTOMHOCTUTE HA HAKOM MOKA3aTEd, KaTO KaJlui, KaJllUH,
MarHe3ui, Keysi30, XpaHUTEIHU BJIaKHUHU (MMa JIBa ITbTH MOBEYE) HAJABUIIIABAT IOPU
T€3M Ha OTJAaBHAa INpU3HAaTaTa OOWMKHOBeHa sOBJKa. l[lopamu TOBa Jekapute
npenopbuBar ja ce koncymupa muaumym 100 rp. Ha aeH oT To3u 1wiof (3).

[lekTuHBT, ChIBpPKAIL ce B palckara sSObJIKa s MpPaBH MOAXOMSAINA XpaHa 3a
BKJIFOYBAHETO U B JUETUTE, MpUJAraHd IMpU 3aTIbCTABAHE, CTOMAIIHO-YPEBHU
HapyUICHUs, CHPACUYHO-CHAOBU 3a00yisiBaHUS (MMOHWKABa KOHIEHTpAIMATa Ha
X0JIecTepoJia B KPbBTA).

CpabpxaHueTO Ha MarHe3uil B paiickata s0biIka € 0a3a 3a HEWHOTO
U3I0JI3BaHE B MPO(HUIAKTUKATA HA XOpa C MOBUIICHA KUCEIMHHOCT Ha *IIBYHUS COK,
¢ ObOpeUHH U ChpJIeUHHU MPOoOIeMU. Marne3usiT 3HaYMTETHO HaMaslsiBa BEPOSITHOCTTA
OT oOpa3yBaHe Ha OBOpPEYHM M >KIBYHU KaMbHHM, HaMajsiBa BEPOATHOCTTA OT
ChPJICYHH MPUCTHIIN, KATO CTUMYJIUPA ChbPJECYHO-Ch0BAaTa CUCTEMA.

brnaronpustHusIT W npoduiakTUdeH €QEeKT BBPXY CHPACUHO-ChIOBATA W
XpaHOCMUJIaTeIHaTa CUCTEMa, KOMTO OKa3Ba paiickara s0BJIKa ce ObJDKUM Ha
OMOJIOTUYHO-aKTUBHUTE JBOMJIHM BeElIeCTBa OT Trpynara Ha MNOJU(EHOIHTE.
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JI0MIHUTE BeliecTBa MMAT CIOCOOHOCTTA Ja TMOBUILIABAT KPHBOCHAOASBAHETO Ha
ChPACUHMUS MYCKYJ, KaTO ro MOJCUiBar. Te uMar u3pa3eHa MPOTUBOBB3MAIUTETHA
AKTUBHOCT U Ca HAJIEKHO CPEACTBO MPOTUB UH(DEKIIUH.

Hanuumero Ha #Hox B paiickata s0biIKka nomara 3a Mpedna3sBaHe OT
3a00JI1BaHMs Ha IIUTOBMJIHATA JKJ€3a, KaTo cIocoOCTBa 3a Mo-100pa oOMsHaA Ha
BEIIEeCTBATa, peryaupa Meraboju3Ma U HOTPEOHOCTTa OT KHUCIOPOJ BBB BCsSKa
KJICTKA.

[InogpT Ha palickata s0bBIKa ce MpenopbuBa Ha XOpa, CTPajalyd oOT
aTepocKiepo3a M CbC CHPJACYHO-CHJIOBU  3a00JsIBaHUS, MOPagd  BHCOKOTO
ChABPKAHUE HA KAJIMW W CPABHUTEIIHO HUCKO ChABpP)KaHWE Ha HaTpui. Palickara
A0BJIKa CIIOCOOCTBA 3a OTAEISHE COJUTE HA HATPUl OT opraHusma. Bucokoro
ChIBpKaHUE Ha TII0K03a U (PPYKTO3a MMa roJiIMO 3HAYEHUE 3a OOJIHUTE C IMMOPOK Ha
cbpueTo. Oprauu3MbT U3IOI3BA 3aXAPUTE 33 XpaHa HA ChbPACYHMS MYCKYJI, KATO IIPU
TE€3U CTOMHOCTH IJIIOKO3aTa B KPbBTa HE JOCTUIAa IHKA, KAKTO C€ IOJy4YaBa IpHU
KOHCyMalus Ha 3axaposa.

Paiickara siObiKa ChABPKA TONSAMO KOJMYECTBO aHTHOKcuaaHTu (BUT C, B-
KapoTHH) — BEIIECTBa, CIIOCOOHU N1a ce OOpAT ChC CBOOOTHUTE paaWKald, KOWUTO
paspyimiaBar KieThYHaTa CTPYKTypa M CBHICHCTBAT 3a HaMajlsBaHE Ha pUCKA OT
peauta 3adosnsBanus. [lo GorarcTBo Ha B-KapOTHUH TS MOXKE JIa C€ CPABHU C TaKHBa
MpPU3HATA M3TOYHUIIM HA TOBAa IIEHHO BEIIECTBO, KAaTO JOMATHTE M YEPBEHUTE
nunepku. PemoBHaTa KOHCymalusi Ha TO3M IUIOJ YKpeNBa M TOHU3HpPA OpraHu3Ma,
OKa3Ba OJarompusTHO BB3JACHCTBHE TPH CTpajammre OT MalokphBue (BUT.C
OJarompusATCTBA 32 JOOPOTO YCBOSBaHE HAa HAIIMYHOTO XKEJSI30 B paiickaTa sSIOBIIKA),
0CO0EHO TOJIE3€H € 3a XOpa, MpeKapaiu TeXKo 3abonsBaHe. HaTypamHuAT cox wiu
OTBapa OT paiicka s0BJIKAa Ce HM3MOJ3YyBaT C yCIeX B HAapOJHATa MEIUIMHA KaTo
OTXpayBaIlo CPEJCTBO.

3AKJIIOUEHMUE:

Paiickara s0b1Ka € MOOBP M3TOYHHK Ha JICCHOYCBOMMH 3axapu (TTIOKO3a U
¢pykTO3a), MEKTHHOBHU BEIIECTBA, MOIU(EHOIHU, TOJISIM OpOi BUTAMUHHI U MUHEPAITH.

C BucCOKaTa CH XpaHUTEIHAa CTOMHOCT M C JOOpPUTE CH BKYCOBU KauecTBa
palickara s0bjiKa ce sSBSABa IIEHHA XpaHa C OjaromnpusteH e)eKT BBPXY HOBEUIKHS
OpraHU3bM.
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ABSTRACT

The influence of the bleaching on oxidative stability of high oleic sunflower oil
with different percentage bleach clay was studied. The best oxidative stability of the
high oleic sunflower oil for one year was established to be with 2.0% bleach clay —
Oxidative value 19.6 meqO,/kg. Higher stability of crude sunflower oil oleic type
than linoleic was found to be. Oxidative stability by Rancimat method at 100°C was
found to be 43.00 h for crude oleic type and 17.40 h for crude linoleic type
respectively.

BBHBEJAEHUE

CapHYOTIIETIOBOTO MACJIO € OCHOBHHUS THUI PACTUTEIIHO MACIO, IPOU3BEKIAHO U
KOHCYMHUpPAHO B Hamiara crpaHa. OCHOBHHST KOMIIOHEHT Ha TPHUAIWITIIMIICPOJIOBATA
dpakuus B TpaJUIIMOHHUTE COPTOBE CIIbHUOIIIEN € JInHOoJoBaTa kuceiauHa — 50.0-
80.0%, cnenana ot oneumHoBata — 20.0-30.0%. IIpe3 mnocienHutre TOAUHHU ca
CEJICKIIMOHUPAHU HOBU COPTOBE CIABHYOTJIE] C MPOMEHEH MACTHOKUCEIMHEH ChCTaB.
[Ipu TsX OCHOBHMSAT KOMIIOHEHT € ojienHoBara kucenuHa (50.0-80.0%), cnensana ot
munosoBata (10.0-15.0%). TlomydyeHuTe OT T€3uW COPTOBE Macia, T.Hap. “OJICMHOB™
THII Ca MO-CTa0WJIHM NPU ChXpaHEHUE U TepMUYHA 00padoTka [1,13].

N30enBaHeTo Ha CIBHYOIIIEIOBOTO MAaciO MMa 32 OCHOBHA II€Jl YaCTUYHO WIIH
I'BJIHO TIpeMaxBaHe Ha OArpuIIHUTE BelllecTBa (XJI0poQuil, KApOTEHOUAH U JIP.), CHIIO
3a OTCTpaHsBaHE Ha CJEAMTE OT CamyHH W QocdaTuau, Ha CIAEAUTE OT MeETajH,
BOCBIIUTE U IBETHUTE MUTMEHTH. JIpyra MHOTO BakHa (DYHKIHS Ha M30EIIBAHETO €
OTCTPAHSBAHETO HA MEPOKCUAUTE U BTOPUUHUTE MTPOAYKTH HA OKUCIEHHETO [7,9,14].

[ToBeweTo nuTEepaTypHU NAaHHU 3acsAraT KMHETHKATa Ha Mpolleca Ha u30esBaHe
Ha pACTUTEIHU Macja, W3CJIEIBaHU ca MMapaMeTpUTEe MPU KOUTO C€ MPOBEKIA
Ipoleca — KauecTBO Ha MAaciOTO, KOJMYECTBO Ha OeNMiIHATa NPbBCT, TEMIEPATYpA,
HaJsATaHe, BUAA Ha peaktopa [8]. Jpyru u3cinenaBaHus ca HACOYCHW KHM IPOIECUTE
Ha padUHUpaHE HA PACTUTEIHUTE Macjia KaTo L0 — M3CIEABAaHU Ca MPOMEHUTE B
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ChABP)KAHUETO HAa TOKO(PEpOJM W B MACTHOKUCEIMHHUS ChCTaB IO BpeMe Ha
paduHUpaHe Ha panuyHO Macyo [6].

OxucnutenHaTa CTaOUIIHOCT Ha PaCTUTEIHUTE Macja 3aBUCH, OT €Ha CTpaHa,
OT THIIA ¥ CTEINICHTA Ha TSAXHATa HEHACUTEHOCT, a OT JpYyra — OT YCJIOBUATA MPU KOUTO
ce W3BBPIIBAT MpOIEeCUTe Ha (U3MYHATA U XUMHUYHATA paduHAMs (TeMIeparypa,
HajsTaHe, BpemeTpacHe). B nuTeparypara mMa MHOTrO JaHHU 3a OKHCJIMTEIHATa
cTabMIHOCT Ha pacturennute macna [3,10,12], HO TBBpAE MaJKO ca JaHHHUTE 3a
OJICMHOBMSI THUN CiabHYOTIEenoBo wmacio [1,2]. Toa Hamara ga ce mpoBenar
U3CIIC/IBAaHUS BBPXY HETroBaTa OKHCIHMTEIIHA CTAa0MIHOCT W BJIMSHHETO Ha
KOJMYECTBOTO Ha OCNMIIHATA MPBCT B X0Jla Ha HeroBara padunHanus. [IpoBeneHu ca
W3CJIeIBAaHUS BbPXY OKHUCIUTEIHATA CTAOMIHOCT Ha CI'BHYOIIIEIOBO MAacio —
OJICMHOB THII, U30€JICHO C Pa3JIMYHO KOJIMYECTBO OCJIUIIHA MPBHCT. Y CTAHOBEHO €, Y€ C
yBeIIMYaBaHE KOJMYECTBOTO Ha OeauiaHaTa MNpbCT HApacTBa W OKHUCIUTEIHATA
CTaOMITHOCT, OTYETEHA M0 YCKOPEH MeToJ Ha anapat “‘Rancimat”[2,3].

[Tonyuenurte pe3ysTaTv MO TO3M METOJ HE JaBaT MpeJCTaBa 3a OKUCIUTEIHATA
CTAOMIHOCT Ha MAcCJOTO MPHU peajHu YCIOBUS HAa ChbXpaHEHHE (CTaliHa TeMIleparypa,
Ha HEMpsiKa CBETJIMHA). 3a OIpejessHe CPOKOBETE Ha ChXpaHEHHE (B MecelH) Ha
MacjlaTa Cce M3UCKBAa M IMPOJBIDKUTEIHO HAOMIOJCHUE BBPXY IMpoIlleca Ha TAXHOTO
OKHCJICHHE.

[len ©Ha mHacrosmara paboTa € Ja c€ MNpoBedAaT H3CICABAHUS BBPXY
OKHCIIUTENTHATa CTAOMIHOCT Ha CIIBHUOIVIEJIOBO MAacjio — OJICMHOB THIT TIPH
JTBITOCPOYHO CHXPAHCHHWE W BJIUSHHETO Ha KOJHWYECTBOTO Ha O€MIIHATA TMPBHCT
U3MOJI3BaHa B TMpolleca Ha paduHUpaHe BBPXY HES, M CPABHABAHETO MYy C
TPaAULMOHHUS JIMHOJIOB TUII CABHYOTIIEOBO MAcCJO.

MATEPHUAJIN U METOIHU

3a mpoBexJaHe Ha H3CJIEABAaHUATA Ca U3IMOJI3BAHU CYpPOBO U padUHUPAHO
CITBHYOTJIEZIOBO MAcjiO — OJICMHOB THUI M CIBHUOIJIEJOBO MAacCiIO — JMHOJIOB THII.
OU3NKOXMMUYHUTE TOKAa3aTeIn M ChCTaBa MM ca OMNpEJeieHU MO CTaHAApTHU 3a
XUMUSTA HA JIMIUAUTE METOJU: MACTHOKHUCEIMHHUST CbCTaB — 4pe3 KamuwispHa
razoBa xpomatorpadus; TOKOhepoJOBUAT ChCTaB — Ype3 BUCOKOE(HEKTHUBHA TEUHO —
TeyHa XpomaTtorpadus ¢ (QuyopeclieHTHa JEeTEKIHs; KHUCEIMHHOTO M MEePOKUCHOTO
YHUCIIO — TUTPUMETPUYHO 1Mo MeTonuku Ha ISO; nBerHoTo uncno — mo JloBuOoHA
[5,11].

OU3NKOXUMUYHUTE TIOKA3aTeNM Ha W3CJIEBAHUTE MPOOM MACIO — OJICMHOB H
JIMHOJIOB THUI ca npejacTaBeHu B Tabnuia 1:

Taﬁ.lmua 1. Quzuxoxumuynu nokazamenu Ha CIbHY021E0080MO MACIO

T OJienHOB THII JIuHOJIOB THII
UM Macjo

CypoBo N36eneno CypoBo N36eneno
ITepokucuo uncno, meqO,/kg 0.2 0.0 6.5 0.2
Kucenunno uncno, mgKOH/g 2.3 0.2 1.0 0.2
I{BeTHO umco, mo JloBuOOH 5.5 1.0 7.4 1.5
Tokodeponu, mg/kg 924.7 642.5 837.3 319.7
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B onenHOBHS TUI CABHYOTJIEAOBO MAacjiO OCHOBHM KOMIIOHEHTH Ca OJIEMHOBA
kucennHa — 81.5% wu nmHonoBa kucenuna — 11.1%, a npu nuHONOBUA THUII —
JMHOJO0BaTa KucenuHa — 51.2%, ciaenBaHa oT ojieMHOBarta kuceanHa — 36.5% [13].

N306enBanero Ha OJEMHOBHUS THUII MAacjio € M3BBPUICHO C OenuiaHa MPBCT
“Bencan”, B xommaectsa: 0.5; 1.0; 1.5 u 2.0% npu temmneparypa 80°C, ocTaTbuno
namsrae 1.10° Pa (okomno 75 mmHg) B mpoasikenue Ha 30 min. [Ipu JTHHONOBHS
THUTI MAcJI0 N30€TBaHETO € U3BBPIICHO MPH ChIUTE ycIoBUs, ¢ 2.0% OenriHa NpbCT.

OxucnuTenHara CTAOWIHOCT Ha U30€JIEHOTO CIBHYOTJIENAOBO Maclio €
ompeielieHa 1o Ba METO/1a:

Vcrxopen — na 6azata Ha unnykuuonnus nepuon (UII) ¢ amapar “Rancimat”
679 mpu Temmeparypa 100°C u ckopoct Ha mpoayxsate ¢ Bb3ayx 20 1/h [5].

Jvneocpouno cvxpanenue — CIBHUOTIEAOBOTO MACIO € CBXPAHSIBAHO IPU
cTallHa TeMmmepaTypa M Ha TBMHO, KAaTO Ca KOHTPOJUPAHU MEPOKUCHO YHUCIIO
(meqO,/kg) u kucenunno yuciao (mgKOH /g).

PE3VYJITATU U IUCKYCUSA

C yBennuaBaHe KOJIMYECTBOTO Ha OeNMIHATa MPHCT HAPACTBA U OKUCIUTEIIHATA
crabunHocT. Haii-noOwsp pesynrar ce HabmoaaBa npu uzdensanero ¢ 2.0% Oenuina
npbeT (Tabmuiu 2 u 3). OT4eTeHu ca ClIeIHUTEe HHIYKIIMOHHU nepuoau — 24.00 h 3a
oymmHOBHS TUI U 11.20 h 3a TMHONIOBUS THIL.

N3cnenBanusaTa 3a cTaOMITHOCTTA MIPU IBITOCPOYHO ChXPAHEHHE Ca MPOBEACHU
B MpoAbKeHHE Ha efaHa roguHa. B Tabmuma 2 ca mpencraBeHH AaHHUTE 3a
nepokrucHoTo yucio (meqO,/kg) 1o BpeMe Ha CbXpaHEHHE Ha OJICMHOBHS THIT MAcCJIO.

W nmpu nBata Meroma ce oTYMTa 3HAYUTEITHO YBEIIMYaBaHE HA CTAOMITHOCTTA, B
pe3ynTaT OT yBENWYaBaHE KOJMYECTBOTO Ha OemwiHara mpheT. KommuectBa oT
nopsabka Ha 0.5 u 1.0% OenuiHa MPBHCT HE BOIAT 0 3HAYMTEIIHO HApacTBaHE Ha
OKHUCJIMTEIIHATAa CTAOMITHOCT. B paMKkuTe Ha €1Ha TOMHA IEPOKUCHUTE YHCIIa HA TE3U
JIBE Macja ca 3HAYUTEIHO BUCOKU — cbhOTBeTHO 54.7 m 42.1 meqO,/kg. 3a to3u
NIEPHOJ] HaW-HUCKO TEPOKHCHO YHUCIIO € OTYETCHO MPU CIBHYOIIICTOBO MAaCiIo —
oJienHOB TuM u3besneHo ¢ 2.0% 6enunna npbeT — 19.6 meqO,/kg. To nokassa u Haii-
JBJTBI MHIYKIIMOHEH TIEPUOJI, OTYETEH 10 YyeKopeHus: Meto — 24.00 h.

Taoauua 2. Oxkucaumenua cmabuIHOCm HA CIbHY02IE0060 MACIO — OJICUHOE MUN,
uzbeneno ¢ paziuien npoyeHm OeiuHa nPpvLem

Benunna | Yckopen 1104, meqOy,/kg

IpPBCT, METO JIBATOCPOYHO ChXpaHCHHE, MECEITH

% UII, h 1 2 3| 4 5 6 7 8 9 10 11 12
CypoBo 43.00 1.8 120 |23(28]| 32 4.0 4.4 5.1 5.8 6.9 95 |[12.5
0.5 15.30 1.9 | 3.1 |53[85] 129 | 182 | 242 | 30.5| 36.5 | 42.5 | 489 | 54.7
1.0 18.50 1.7 130 [43]65| 88 11.1 | 143 | 18.7 | 23.3 | 29.1 | 355 | 42.1
1.5 21.10 15127 (41|58 7.2 8.8 104 | 122 | 15.0 | 18.7 | 22.6 | 26.2
2.0 24.00 13126 (40|48 5.5 6.5 7.6 9.0 10.8 | 13.2 | 16.0 | 19.6

Haii-Hucko mepoKHCHO YHCclio B paMkuTe Ha efaHa roawHa (12.5 meqO,/kg) u
Hal-1babI uHAYKIMOHEeH mepun (43.00 h) moka3Ba CypoBOTO OJICMHOB THII
CITBHUOTIIEZIOBO Macio. ToBa ce o0sicHABa ¢ (pakTa, ye TOBAa Macjio € ChC 3ala3eH
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OMOJIOTUYHOAKTUBEH KOMIUIEKC. 3ama3uiio C€ € ISUIOTO KOJIMYECTBO OT MPUPOIHU
AHTUOKCHUJAHTH, OCHOBHO TOKO(EpOIUM M KApPOTCHOWIH, KOUTO OOMKHOBEHHO [0
rojisMa CTENEH Ce OTCTpaHsBaT MO BpeMe Ha padUHUPAHETO Ha CIIBHUOIJIETOBOTO
Maciio.

Kato rognu 3a koHCyMmalus ce nmpuemMaT pacTUTENHU Macja ¢ TIEPOKUCHO YUCIIO
1m0 10.0 meqOy/kg [4]. Or mosydyeHuUTE NaHHU MOXKE Jia C€ HalpaBu CJIEIHOTO
3aKJII0YCHHUE:

CirpHYOINIE0BO Macjio — oyienHoB T u30eiaeHo ¢ 0.5 m 1.0% e romgHo 3a
KOHCYMAIIHS 710 YeTUPH, ChOTBETHO IeT Mecera. M3moisBaneTo Ha OenuiiHa MPBCT OT
nopsiabka Ha 1.5 u 2.0% BoaM 10 MOYTH ABOMHO HApacTBaHE HAa TpalHOCTTAa — JI0
CeZIeM U ChOTBETHO JAeBeT Mecena. CypOBHST OJICMHOB THUI CIIbHUOIIIEIOBO MAclo €
TOJIHO 32 KOHCyMallusl IOYTH €JIHA TOJANHA.

3a CpaBHUTEIIHM U3CJEIBAHUS € W3IO0J3BAaHO M CIBHYOTJIEAOBO MACIO —
JIMHOJIOB THUM. J[aHHUTE 32 OKUCIUTENHATa CTAOMITHOCT ca npeactaBeHu B Tabnuia 3.

Taoauua 3. Oxuciumenna cmabUuIHOCM HA CIbHY02NIE0080 MACIO — JUHON08 MUN

JIuHOJIOB THIT | YCKOpEH 1104, meqOy,/kg

CJIBHYOTI'JIC- METOL I['BHFOCPOLIHO ChbXpaHCHUC, MCCCIIU

JIOBO Maclio UILh | 1| 2 3 4 5 6 7 8 9 10| 11 ]| 12
CypoBo 1740 17.6112.0]16.5|21.6|26.7]32.6|38.0[44.5] 53.0 |167.0] 77.5 ] 90.0
N36eneno,2.0% | 11.20 (3.0] 6.0 | 9.0 [11.5]|155]22.6|35.0 [48.5]| 64.4 | 83.0]103.0]120.3

JlanHuTe mokasBar, uye M30eJIE€HOTO JMHOJOB THUIl CIbHUYOTIIEA0BO MAacCIo, € IO-
HECTAaOWIIHO, WHIAYKIMOHHUAT My mnepuoa € easa 11.20 h. B pamkure Ha enHa
roJiiHa, HErOBOTO IEPOKHWCHO YHUCJIO € HapacHaJI0 MHOrokpatHo mnoBedye — 120.3
meqO,/kg. To e ToIHO 3a XpaHWUTEITHHU LIEJIH OKOJIO TPH MECeIla.

AHanOTWYHU JaHHW C€ TIoJMly4aBaT W TPHU M3CIAEABAHE CTAOMIIHOCTTA Ha
CypoBOTO cibHUOTIIEIOBO Macio (Tabmumm 2 u 3), HabOmogaBa ce TO-MalibK
WHIYKIIMOHEH Tiepuon mpu JuHomoBuaT Tun — 17.40 h. Toma e ome emHO
CBUJICTEJICTBO, Y€ OJICMHOBUSAT TUIl CI'LHUYOTJIEIOBO MACJIO € C MO-100pHu KayecTBa B
CpaBHEHUE C JIMHOJOBUS. B koMOuHanus ¢ 1o0pe noadpanu yciaoBus Ha papuHUpaHe
U B YaCTHOCT C MOAXOJSI] MPOIEHT OeNuiHAa MPbCT B Mpolieca Ha HU30eIBaHE ce
MoJiyyaBa Maclio, C BHCOKa OKHCIWTENHAa CTa0WIHOCT WM MO-ABJIBI MEPHOJ Ha
ChXpaHEHHeE.

[Ipocnenena e u npomsinara B kuceauHHoTo yuciio (mgKOH/g), kato kpurepuu
3a MPOTEKJIH XUAPOIU3HU Tpotiecd. CTOMHOCTUTE HA KHUCEJIMHHOTO YMCJIO MO BpeMe
Ha JBJITOCPOYHOTO ChbXPAHEHHUE Ha J[BaTa TUIA CIBHYOTIIEOBO MACIO CE JBUXKAT B
nopsimbk oT 0.2 — 0.3 mgKOH/g, xoeTto e cBUAETEICTBO, Y€ HE Ca HACTBIIWIH
3HAUUTEIHU XUAPOJIM3HU MPOMEHH. Te3n pe3yiTaTu ce AbJDKAT Ha Qakra, 4e HsiMa
JOCThII Ha BJIara MO BpPEME Ha CbXPAHEHUETO HA CIBHYOIJIEIOBOTO MAacjio U
M3I0JI3BaHaTa OeMTHATA PBCT OTCTPAHSABA HEKETAHUTE IPUMECH B MACIOTO, KOUTO
CBIIIO MOTaT Jla MPEIU3BUKAT IMPOIECH, BOJCIIM O MOBUIIABAHE HA KUCEIUHHOTO
YUCIIO.
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3AKJIIOYEHUE

Ha Ga3ara Ha nmpoBeieHUTE U3CIEBAHNS BbPXY BIUSHUETO HA KOJIMYECTBOTO HA
OelniiHaTa NPBHCT BbPXY OKUCIUTENIHATA CTAOMIIHOCT MIPU ABJITOCPOYHO ChbXPAaHECHUE
Ha CIIBHYOTJIEAOBO MAacCjIO — OJIEMHOB THI, MOTaT Ja C€ HaIpaBAT CJICAHUTE
3aKIIOYEHUS:

[Ipn ABATOCPOUYHO CHXPAHEHHE HA CYPOBO M pPAPUHUPAHO CIBHHYOIIIETOBO
Macj0 — OJICMHOBHST THUIl MMa 3HAYUTEIHO TMO-BHCOKA OKHCIWTETHA CTaOWUITHOCT B
CpPaBHEHHE C JIMHOJIOBUSI TUI MacCJIO.

B pesynarar Ha wu30enBaHeTO ce TOBHINABA OKHCIMTETHATAa CTAOWIHOCT Ha
OJICMHOBUSA THWIT CI'bHYOINIENOBO Macio. KomuwyecTtBa Ha OenwiHata MPBCT OT
nopsabka Ha 1.5 u 2.0% BOIAT 10 3HAYUTEIIHO HAapacTBaHE CPOKA HA ChXPAHCHUE —
CEJIEM JI0 JIEBET Mecella.

[Ipu ABATOCPOYHO CHXpAHEHHE HA CYPOBO M pPAPUHUPAHO CIHHYOTIICTOBO
Macjio — OJICMHOB U JIMHOJIOB TUI HE HACTHIIBAT 3HAYUTEIIHU XUPOJIU3HU TPOMEHHU.
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