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Abstract: Polyvinyl chloride (PVC) is one of the mostly plasticized polymers. The plasticizers used in this case are esters of aromatic
or aliphatic acids with linear or branched aliphatic alcohols with a moderate chain length. Among them, phthalates (orthophthalic
acid esters with fatty alcohols) have the widest range of applications among aromatic acid esters. They are characterized by excel-
lent compatibility not only with PVC, but also with a number of other polymers, possess good physical and mechanical properties,
but are toxic compounds. Therefore, their use is gradually being replaced by low-toxic and non-toxic plasticizers.

Adipic acid esters which are widely used are environmentally safe. However, their use in plastic compounds for cable products
requires the introduction of special additives — flame retardants.

The results of the development of a low combustible PVC formulation are described herein. The dibutoxyethyl adipate developed
by us was used as a plasticizer, and industrial di-(2-ethylhexyl) phenyl phosphate - as a flame retardant.

First of all, we obtained an ester of adipic acid and ethoxylated butanol with a degree of ethoxylation of 5. Conditions of its
production with maximum yield are selected. The physical and chemical properties of the synthesized compound were studied.
Formulations of PVC compositions based on the obtained adipate with various amounts of di-(2-ethylhexyl) phenyl phosphate
were compiled. Flammability tests of PVC compounds are presented. The combustible characteristics of the cable plastic samples
using the developed plasticizers comply with state standard 5960-72 with changes 3-9. The best results were obtained by using
phosphorus-containing additive in an amount of 3 wt%. It is shown that small amounts of di-(2-ethylhexyl) phenyl phosphate
provide fire-fighting properties.

Keywords: adipic acid, adipate, cable plasticate, combustibility, esterification, ethoxylation, ethoxylated butanol, flame retardant,
plasticizer of polyvinyl chloride, phosphorus-containing plasticizer.
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Pe3ziome: MNMonusuxunxnopug (MBX) ABnAeTca o4HUM U3 NOAMMEPOB, KOTOPbIN Yalle BCEro NofBepraeTca nnactmomnkaumm.
Micnonb3yemble npv 3TOM nnacTndmnKaTopbl NpefcTaBAaloT COO0M CNOXHbIe SPMPbl apOMaTUUECKUX UK anndaTUYecKux KCnoT
C IMHEVHBIMY UM Pa3BETBNIEHHbIMY anndaTUYeCKUMM CIMPTamy C yMEPEHHOI ANUHHON Lenbio. Cpean Hux dTanatbl (3dupsb
opTodTaneBow KNCIIOTbl C XUPHbBIMU CMUPTaMK) UMEIOT CaMblil LUIMPOKWIA CMEKTP MpUMeHeHWs cpean 3GrpoB apoMaTUYecKmx
KuncnoT. OHM XapaKTepur3yloTCa OTIMYHON COBMECTMMOCTbIO He ToNbKo ¢ MBX, HO 1 ¢ pagom Apyrux nosimmepos, NPrUAAT XOpo-
wre GpU3NKO-MexaHNYecKre CBOVCTBA, HO ABMIAIOTCA TOKCMYHBIMU coeiHeHMAMN. IMEHHO MO3TOMY VX MPUMEHEHME NOCTENEHHO
BbITECHAETCA MafIOTOKCUUYHBIMU U HETOKCMYHbBIMY MacTrduKaTopamm.

JKonornyeckn 6e3onacHbIMK ABNATCA CIOXKHbIE SPUPbI AAUMNMHOBOW KMCNOTbI, KOTOPbIE HAXOAAT LUMPOKOE NPUMEHeHNe.
OpHako nx NpYMeHeHUe B MiacTrKaTtax Ana KabenbHOWN NpoayKuuy TpebyeT BHECeHNA B peLenTypy cneumnanbHbiXx 4O6aBOK —
aHTUMNNPEHOB.

B paHHOI paboTe npuBefeHbl pesynbTaTbl pa3paboTky peuenTypbl NBX-kKomno3nymm, obnagatoLiein HU3KoM ropoyecTbio.
B kauecTBe nnacTndrKkaTopa 6bin MCNoNb30BaH pa3paboTaHHbI HaMK ANOYTOKCM3TUNAAMMHAT. B KauecTBe aHTUNMpeEHa — Npo-
MbILWAEHHBIN AN(2-3Tunrekcun)peHnndocdar.

B nepByto ouepeab Hamu Gbin MNOJSTyYEH CNOXHBIN 3GUP aANMMHOBOI KNCIOTbI U OKCUSTUAMPOBAHHOIO 6yTaHona co cTene-
Hbl0 OKCUITUANPOBaHKA 5. NogobpaHbl YCIOBMA €ro NoyyeHnsa ¢ MakCMManbHbIM BbIXOLOM. V3yyeHbl Gr3nKo-xummyeckme
CBOWCTBA CMHTE3UPOBaHHOro coefnHeHna. CoctaBneHbl peuenTtypbl [BX-KOMNO3MLmMi Ha OCHOBE MONYYEHHOro agunuHaTta
C pa3nnyHbIMU KonryecTBaMu aun(2-stunrekcun)derHundocdata. MNpeactaBneHbl pesynbtaTthl NCNbiTaHnin MBX-nnacTnkaToB Ha
roptouecTb. [okasatenu roptoyecT 06pasLoB KabenbHOro nnacTMkata C NpUMeHeHreM pa3paboTaHHbIX MIacTdUKaTopoB
cootBeTcTBYOT FTOCT 5960-72 ¢ n3m. 3-9. Haunyuwne pesynbtatbl 66l JOCTUMHYTBI NPU NpUMeHeHUn pochopcoaeprallei
no6askn B konnyectse 3% macc. MokasaHo, YTO UMEHHO Masible KonmyecTsa gu(2-stunrekcun)permndocdara obecneunsatoT
NPOTMBOMNOXapHble CBONCTBA.

Knioyesole cnioea: afvinviHoBas KNCNOTa, aAWMNIHAT, aHTUMNPEH, FOPIYeCTb, KabenbHbI MNacTUKaT, OKCUSTUIMPOBAHNE, OKCU-
STUIMPOBAHHbBIN 6yTaHoN, NnacTdUKaTop NonMBMHUNXNopuaa, ochopcopepalynii nnacTndukaTop, stepudmrKaums.
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INTRODUCTION

he use of plasticizers to produce plastic products be-

gan in the 1800°. Celluloid manufacturers used cam-
phor and castor oil for plasticization purposes. Later, in
1912, triphenyl phosphate was tested to replace camphor
oil, which was the beginning of an era of ester-based plas-
ticizers [1].

Phthalic acid esters first found use as plasticizers in
1920 and still remain the most used plasticizers [2...3].
Di-(2-ethylhexyl) phthalate, also known as dioctyl
phthalate (DOF), was first used in 1930 and is a refer-
ence plasticizer.

The plastics industry is constantly growing, and
the demand for plasticizers is also constantly increas-
ing. The current market offers many types of plasticizers
that can be selected for different applications accord-
ing to material requirements [4...9]. Since the 1980s, use
of phthalates has been limited due to their toxic effects
on human health and the environment [10...11]. This fact
prompted some countries to develop restrictive regulations
on the use of phthalates in flexible PVC products [12...13].
There is now a tendency to replace DOFs with higher mo-
lecular weight phthalates that are more stable, have lower
solubility and lower migration rate, e.g. diisonyl phthalate
(DINF) or diisodecyl phthalate (DIDF).

The most promising direc-
tion of phthalate replacement is
the development of plasticizers o)
based on low-toxic and non-toxic
compounds, which meets the re-
quirements of green chemistry
[14...15].

Adipic acid esters according
to state standard 8728-88 are low-
toxic compounds that give PVC
materials stability at low tempera-
tures, high resistance to migration
to gasoline and oils [16...18].

Additional modifying additives are required to pro-
duce PVC materials with specific properties. For ex-
ample, the most effective method of reducing the com-
bustible properties of articles is to introduce small
amounts of flame retardants [19...21]. For this purpose,
organophosphorus compounds are most commonly used
[22...23]. Among them, di-(2-ethylhexyl) phenyl phos-
phate is a low-toxic compound [24...25].

Therefore, we have developed a formulation of a PVC
composition comprising a novel plasticizer and flame
retardant di-(2-ethylhexyl) phenyl phosphate.

MAIN PART

We have previously prepared and investigated alk-
oxylated alcohol adipates as novel plasticizers [26...28].
This paper describes the synthesis method and some
physicochemical properties of the novel ester compound,
dibutoxyethyl adipate. Test results of PVC composition
containing dibutoxyethyl adipate and di-(2-ethylhexyl)
phenyl phosphate are given.

The specified ester was prepared in two steps. The
general scheme for the production of ethoxylated butanol
adipate (degree of ethoxylation — 5) is as follows:

5CH,-CH; + CsHIOH —— C4HyO(CH,CH,0)sH
\ /

o_ ,OH O, (0-CHy-CH,)s-0-CiH

C Nc

| |
C:H,O(CH;CH;0)sH + (CH;)y —> (CHy)s

l [
C C

Z N

PN
o~ TOH O (O-CH—CH,)s—O-C:Hy
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First, ethoxylated alcohol was synthesized. The final
product was then esterified with adipic acid.

Methods of ethoxylating of butanol

A four-necked flask equipped with a stirrer, a ther-
mometer, a reflux condenser and an ethylene oxide injec-
tion device is charged with a calculated amount of alcohol
and a sodium hydroxide catalyst. The reactor was heated
and purged with nitrogen to remove air. Ethylene oxide is
then introduced gradually, controlling the rate of its sup-
ply so that the unreacted oxide is condensed in the reverse
cooler and returned to the reactor «without flooding».
After the ethylene oxide feed is complete, the reaction
mixture is further heated and then cooled to room tem-
perature. Catalyst is neutralized with calculated amount
of sulfuric acid. The obtained mass is filtered.

Method of preparing of dibutoxyethyl adipate

Preparation of symmetrical adipate is carried out in
presence of catalyst p-toluene sulfonic acid in medium
of azeotropic water carrier of toluene, at boiling of the
latter. Molar ratio of alcohol and adipic acid taken for re-
action is 2.2:1. The reaction is controlled by the amount
of water released and the acid number of the esterificate.
After cooling, the reaction mixture was washed suc-

cessively from the catalyst with 5% alkali solution and
water until neutral reaction. The resulting esters were
dried over freshly calcined sodium sulfate and the solvent
was distilled off in vacuo. Yield of the target product is
96—98%.

The physical and chemical properties of the synthe-
sized adipic acid ester are shown in Table 1.

The physical and chemical properties of the plasticizer
were analyzed according to state standard 8728-88.

Judging by the physical and chemical properties and
the study of plasticizing properties, the developed plas-
ticizer is indeed suitable for use in PVC compositions.

A sample with a developed plasticizer was tested in
a PVC composition for construction purposes, namely
in cable plastics.

DISCUSSION OF THE RESULTS

The obtained sample of cable plastic brand O-40 form.
OM-40 (black) was analyzed according to state standard
5960-72 with changes 1-9 «Flexible PVC for insulation
and protective jackets of wires and cables». The test results
are shown in Table 2.

The data given in Table 2 show that according to
the main indicators (melt flow rate, thermal stability, shat-
ter point) the obtained cable plastic complies with state
standart 5960-72 with the changes 1-9 (1 class).

Table 1
Physical and chemical properties of dibutoxyethyl adipate (degree of ethoxylation — 5)
Indicators
Ester Degree Acid num- | Ester num- :
of ethoxy- | M. w. found | ber, mg ber, mg dz n 2 Poul;gomt,
lation KOH/g KOH/g
Dibutoxyethyl 5 570 0.10 195 10380 | 14465 41
adipate
Table 2
Results of testing of plasticizer in the formulation of cable plastic brand O-40
Plasticizer
Name indicators Norm according state . .
standart 5960-72 (1 class) Control sample Dibutoxyethyl adipate
Melt flow rate, g/10 min state standart 11645-73 103.3 100.2
T =190°C, P = 10 kg/cm?
Thermal stability at 180°C, min | state standart 14041-91 2 h 15 min 2 h 16 min
Shatter point, °C Not above —40 Stand the test Stand the test
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Table 3

Indicators of combustibility of cable plastic samples brand O-40 (sec)

Di(2-ethylhexyl) phenyl phosphate, % w.

Plasticizer
0 2 3 4
Dibutoxyethyl adipate
(degree of ethoxylation — 5) 28.0 25.1 24.3 24.4

The effect of the amount of di(2-ethylhexyl) phenyl
phosphate on the combustible properties of the cable PVC
plastic samples was investigated to determine whether
the PVC cable plastic composition developed could be
used.

The results in Table 3 show that the values of combus-
tible properties of samples of cable plastics obtained with
dibutoxyethyl adipate and di-(2-ethylhexyl) phenyl phos-
phate in an amount of 3% by weight are lower than those
of serially produced cable plastics (the norm according
state standart 5960-72 with the changes 3-9 for cable plastic
brand O-40 is not more than 30 sec). A further increase in

BBEJEHUE

chonb30BaHI/Ie T1acCTU(UKATOPOB 151 U3TOTOBJIE-
HUST U30eINI 13 TuTacTMace Hadauoch B 1800-x To-
nax. [Ipou3BomuTean LEIyI0OUIa TIPUMEHUIN HATY-
panpHyI0 KaM(bOpy U KaCTOPOBOE MACIIO IJIs IIeJIei
mwractudukannu. [Tosxe, B 1912 romy, TpudeHmidpoc-
dat ObLT UCITBITAH OIS 3aMEHBI KaM(OpPHOTO Macia,
YTO CTAJI0 HAYaJIOM 3PBI TUIACTU(PUKATOPOB Ha OCHOBE
CJIOXHBIX 3¢upoB [1].

Crnoxuble 3pupH (DTaTeBOil KUCIOTH BIICPBEIC
HaIlUTM TIPUMEHEHNEe B KauyecTBe INIaCTU(PUKATOPOB
B 1920 romy 1 mo Cux Iop OCTaroTCs HanboJree IMpUMEHSI-
eMbIMU T1acTuduKaTopamu [2...3]. Ju(2-3Triarekcun)
¢ramar, TakKe U3BECTHBIN KakK TuoKTwIdhTanat (JOD),
BIIEPBBIC OBUT NCITONIB30BaH B 1930 romy u sIBiIsIeTCS 3Ta-
JIOHHBIM TIJIaCTU(DUKATOPOM.

WHoycTpus T1acTMace HEMPEePhIBHO PaCTET, CIIPOC
Ha T1acTU(UKATOPHI TAKKE MOCTOSIHHO YBEINIMBA-
ercs. Tekymmii ppIHOK TIpeIaracT MHOXECTBO TUTIOB
IUTaCTH(UKATOPOB, KOTOPHIE MOXHO BBIOPATH IJIST pa3-
JIMYHBIX TTPWIOKEHUI B COOTBETCTBUM C TPEOOBAHUSIMU
K MaTtepuanam [4...9]. C 1980-x romoB UCITOIb30BaHHIE
¢TanaToB OBLIO OIPaHUYCHO II0 MIPUYMHE UX TOKCHYE-
CKOTO JCHCTBUS Ha 3I0POBbE UYEIOBEKA M OKPYKAIOIIYIO
cpeny [10...11] . DTOT hakT MOOYAMIT HEKOTOPBIE CTPAHBI
pa3paboTaTh OrpaHUINTEIHFHBIC HOPMBI, KacaIOIIHECsT

the amount of di-(2-ethylhexyl) phenyl phosphate does not
improve the combustible properties of plastics.

SUMMARY

Thus, the obtained PVC composition with the devel-
oped plasticizer dibutoxyethyl adipate is not inferior to se-
rial samples by basic physical and mechanical parameters.
The addition of small amounts of phosphorus-containing
flame retardant di(2-ethylhexyl) phenyl phosphate (less
than 3%) to the developed cable plastic formulation pro-
vides as low a combustion index as possible.

WCIOJIb30BaHUs (pTajIaToB B r’MOKMX MpoaykTax u3 [1BX
[12...13]. B HacTosIIEE BpeMs CyIIeCTBYET TEHACHIINS
3aMmeHbl JJO® Ha dTanaThl ¢ 60JIee BLICOKOI MOJIEKY-
JISPHOM Maccoil, KOTopble 00jiee YCTOMUMBBI, UMEIOT
0oJiee HM3KYIO PACTBOPUMOCTD M MEHBIIYIO CKOPOCTh
MUTpalnu, Hanpumep, nunzoHoHuadTarat (JJMHD)
wm gunsonenuiadTanar (JUAD).

Hawnboiee mmepcrieKTUBHBIM HaIIpaBJICHUEM 3aMe-
HBI (bTATaTOB SIBIISICTCS pa3paboTKa IUIACTU(PUKATOPOB
Ha OCHOBE MaJIOTOKCMYHBIX M HETOKCUIHBIX COCIIHE-
HUIA, YTO COOTBETCTBYET TPEOOBAHUSIM 3€JICHOM XMMUN
[14...15].

CoxHbIe 3(PMPHI AAUTTMTHOBOM KUCIOTHI COTIIACHO
TOCT 8728-88 aBngioTcs MaJIOTOKCUYHBIMU COEINHE-
HusiMU, Kotopsle nipuaaiot [1BX-maTtepuanam ctabuiib-
HOCTh IIPU HU3KUX TEMIIEpaTypax, BBICOKYIO YCTONIM-
BOCTh K MUTpALMK B OeH3MH 1 Macia [16...18].

Jna nmonyyenus ITBX-matepuanos co crienudu-
YeCKUMH CBOMCTBAMM HEOOXOOMMO BHECECHUE HO-
NOJHUTEIbHBIX Moguduupywiux nodbasok. Ha-
mpuMep, Hanbosee 3(PpPEeKTUBHBIM METOIOM CHIXKE-
HUS TOPIOYECCTH M3ICINN SIBIISICTCS BBEACHUE MaJIbIX
KoJM4ecTB aHTUNMpeHoB [19...21]. C 3Toit menbo
Yale BCero UCITOIb3YIOT hochopopraHmIeCcKIe CO-
ennmHeHUS [22...23]. Cpenut HUX Ou(2-3TUITEKCHII)-
denundocdar IBISIeTCS MAJTOTOKCUUYHBIM COCIUHE-
Huewm [24...25].
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I[TosToMy Hamu paszpaboraHa peuentypa [1BX-
KOMITO3UIINH, COMIepXKallleil HOBBIH TTaCTU(MUKATOP
¥ aHTUTIMpPeH Iu(2-3Tuiarekcmn)deHunadocdar.

OKCIIEPUMEHTAJIbBHAA YACTb

Paree HaMM OBITM MOJTyYeHBI M UCCIICAOBAHBI alH-
MUHATHI OKCUAJIKMIMPOBAHHBIX CITMPTOB B KA4eCTBE
HOBBIX TuTacTdUKaTopoB [26...28]. B manHoit padore
OITCaH METOI CHTE3a Y HEKOTOPhIE (PU3UKO-XUMMYe-
CKHE CBOMICTBA HOBOTO CIIOXKHO(MUPHOTO COCTMHEHUS —
InOyTOKcuATUIaguInHaTa. [1puBeneHBI pe3yIbTaThl
ucnbitannii [1BX-xommo3unuu, conepxaiieit indyTok-
CHATWJIAINITAHAT W O1(2-3TrireKcui)penmnpocdar.

LleaeBoit ca0XHBIN 3P MOTyJaad B IBa STarla.
OOmas cxema ITOJTydeHUST afuIIHATa OKCUATIIINPO-
BaHHOTO OyTaHoJIa (CTeNEHb OKCUATUIUPOBAHUS — J)
WMeeT CIICAYIOIINI BUI;:

CTBOM [IJIsI BBOAA OKCHIA 3TUJICHA, 3arpyxKaloT pac-
YeTHOE KOJMUECTBO CITMPTa M KaTaIm3aTopa — ¢IKOTO
HaTpa. PeakTop HarpeBarmT U IIPOAYBAIOT a30TOM JIJIsT
yIoajJeHUsT BO3ayXa. 3aTeM IMOCTEIICHHO BBOMSIT OKCHUIT
STWJICHA, PETYJINPYS CKOPOCTh €ro IMOJauyn TaKUM 00-
pa3oM, YTOOBI He BCTYITUBIINI B PEaKIINIO OKCHI KOH-
IEHCHPOBAJICS B 0OPaTHOM XOJOAMIBHUKE 1 BO3Bpa-
1IaJicsl B peakTop «0e3 3axjae0biBaHus». [10 oOKoHYaHUU
IMOJaYN OKCHJIa STHJICHA PEaKIIMOHHYIO CMECh TOTIOJI-
HUTEILHO HaTPeBaroT, a 3aTEM OXJIAKIAIOT 10 KOMHAT-
HoIt Temrieparypsl. KaranmsaTop HeiTpaInu3ymoT pac-
YETHBIM KOJIMICCTBOM CEPHOU KUCITOTHL. [lomyaeHHyI0
Maccy (pUIBTPYIOT.

Metoauka noJIydYeHu IlHﬁyTOKCHSTHJIa,IIHHHHaTa

[MonydyerrIe CUMMETPUIHOTO aIUITMHATA OCYIIECT-
BJISIIOT B IIPUCYTCTBUM KaTaanu3aTopa A-TOMYOJICYIb(DO-

5CH,—CH, + C4qH,OH —— C,Hy,O(CH,CH,0)sH

N L
o

O OH
N/
e

O  (O-CHy-CH;)s-O—C:Hp
Ne?

| |
CsHyO(CH.CH:O)sH + (CHz)s —*> (CHy)s
| I

C

Z N\

O OH

B nepBy1o ouepenb CUHTE3UPOBAIN OKCUITUIUPO-
BaHHBINA CIIUPT. 3aTeM 3TeprdUKAIIICH €TO ¢ aIUITNHO-
BOU KMCJIOTOM ITOJIyYaId KOHECYHBII IPOOYKT.

Meroauka OKCHITHIHPOBAHKS OYTAHOIA

B yeThipexropiyio K00y, CHaOXKEeHHYIO MEIIAJIKOM,
TEPMOMETPOM, OOPATHBIM XOJIOAUIBHUKOM U YCTPO -

C
=

~
(0] (O-CH,—CH,)s—0-CsHy

KUCJIOTY B Cpelie a3eTPOITHOTO BOJOBBIHOCUTEISI TOJYO-
Jla MpU KUIIEHUU TTocyieaHero. MojibHOe COOTHOIIIEHUE
B3SITBHIX IS peaklUu CIIMpTa U aAuMUHOBOM KUCJIOTHI
coctaBisger 2.2:1. IIporekaHne peaKInmy KOHTPOIUPYIOT
MO KOJIMYECTBY BbIICIUBIIEIHCS BOJAbI U KUCIOTHOMY
yuciy atepudukara. [Tocie oxnaxaeHus: peaklMOHHYIO
Maccy MpOMBIBAIOT MOCJIEIOBATEIBLHO OT KaTaan3aTopa
5%-HbIM PaCTBOPOM LLEJIOYM U BOLO 10 HENTPAIbHOM

Tabauya 1
Du3NKO-XUMHYECKHE CBOMCTBA TNOYTOKCHATHIAMAIMHATA (CTeNeHb OKCHATHIMPOBAHUS — 5)
IToxka3aTenn
mf:gﬁfﬂ;_ M. m. K.u., Mr D.4., Mr ) o2 T:Z:cefjl:ﬁ-
naieno | KOH/r | KOH/r 4 D P
POBaHUSA Hus, °C

AnGyTokeHaTH- 5 570 0.10 195 1,0380 | 1,465 41

JIaTATIMHAT
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Tabauua 2
Pe3ynsraTsl ucnbiTaHuii miacTudukaTopa B penentype Kadeapnoro miactukara mapku O-40
Ilnacrudukarop
HanmenoBanue nokasareuei - .
Hopma mo 'OCT 5960-72 I G JIn0yTOKCHITHIAMH
¢ m3m. 1-9 (1 copr) NUHAT
IITP, r/10 My tipu 190°C, TI'OCT 11645-73 103,3 100,2
P =10 krc/cm?
TepMocTaOMIBLHOCTD TI'OCT 14041-91 29 15 MuH 24 16 MuH
npu 180°C, MmuH
Temneparypa xpynkoctu, oC He Bbile —40 BBIIEPXK. BBIIEPXK.

Tabauuya 3

IToka3aTeu roprouecTa 00pa3noB KadeJIbHBIX IIACTHKATOB Mapku 0-40 (¢)

Ju(2-aruarekcui)penuniadocdar, % macc.

IInacrudukarop
0 2 3 4
JAnOyTOKCHATUIIAIUTINHAT (CTe- 28.0 25.1 243 24
MeHb OKCUATUINPOBAHUS — 5)

peakunu. [ToaydeHHBIC CIIOXHBIC 3(DUPHI CyIIAT HAL
CBEXEIIPOKAJICHHBIM CYIb()aToM HATPUS U OTTOHSIIOT
pacTBOPUTEIH IO BaKyyMOM. BBIX0OI 11e71eBOTO IpO-
IYKTa cocTaBiger 96—98%.

Du3NKO-XUMIUIECKIE CBOMCTBA CHHTE3MPOBAHHOTO
3¢ upa agUNMMHOBOM KUCIOTHI IIPUBEACHBI B Ta0JI. 1.

DusnKo-XuMIIecKre oKa3aTeIn TIacTu(KaTopa
a"amusuposanu cormacHo 'OCT 8728-88.

Cyns mo GU3NKO-XUMUISCCKIUM CBOMCTBAM M MC-
CJICIIOBAHUIO TTACTU(UIINPYIONINX CBOMCTB, pa3pado-
TaHHBIN TUTACTU(UKATOP ACHCTBUTEIIPHO TIPUTONCH IUTS
ucnoibs3osanng B [1BX-kommo3uimsax.

O6pas3elr ¢ pa3pabOTaHHBIM IUIACTU(PUKATOPOM OBLT
ucnbiTad B [1BX-koMIT031LIMKM CTPOUTEILHOTO Ha3HA-
YeHUsI, a UMCHHO B KaOeTbHBIX TIJIAaCTUKATAX.

OBCYXKJIEHWE PE3YJIbTATOB

ITonyyeHHBIN 0Opa3el] KabeabHOTO IIacCTUKATa
mapku O-40 per. OM-40 (4epHBIiT) aHATM3UPOBAIIN
o 'OCT 5960-72 ¢ uzm. 1-9 «IlnacTukat moJMBUHUIIX-
JIOPUOHBIN IJI W30JISIUU 1 3aIIUTHBIX 000I0YeK TIPO-
BOIOB 1 KabeJieit». Pe3yabTaTsl MCTIBITAHUIA TTPUBEICHEI
B TaOI. 2.

[IpuBencHHBIC B Tabd. 2 MJaHHBIC ITOKA3bIBAIOT, YTO
110 OCHOBHBIM ITOKA3aTeJISIM (TeMIIepaTypa XpyImKOCTH,
TepMocTabuJIbHOCTb, [ITP) monydyeHHbI KabeabHbIN
tactukat coorBercTByeT 'OCT 5960-72 ¢ uzMm. 1-9
(1 copr).

st ompeneaeHUS BO3MOXKHOCTH HUCITOJIb30BaHUS
pa3zpabotanHoii [1BX-komMno3uiinm KadbejabHOro Iiia-
CTHKaTa OBIJIO MCCIICMOBAHO BIMSHIE KOJIMUeCTBa O1(2-
sturekcnn)dermadocdaTa Ha ToKa3aTeIM TOPIOYCCTH
00pas3uoB KabeabHbIX [1BX-11acTKAaTOB.

IIpuBeneHHBIC B TAOJ. 3 pe3yabTaThl TOKA3BIBAIOT,
YTO 00pa3Ibl KaOEJIbHBIX IIACTUKATOB C IIPUMEHECHU-
eM TUOYTOKCUATUIAAUIINHATA 1 IH(2-3TUITeKCHT) he-
Hwigochara B Komuectse 3 % Macc. 1o oKa3aTessiM
TOpIOYECTU 00CCIICUYMBAIOT 00JIee HU3KKE 3HAUYCHUS,
yeM cepuiiHo Boimyckaembie (HopMa o FOCT 5960-72
¢ u3M. 3-9 mg KabesrpbHOTO TTacTukaTta Mapku O-40
cocraBisieT He 6osee 30 c¢). JanpHelInee yBeInIeHIe
KonmaecTBa au(2-3Tuirekcn)penmidocdaTa He TIpH-
BOIUT K YIYYIICHHIO TTOKa3aTeJIei TOPIOYECTH TIIACTH-
KaTOB.

BbIBO/IbI

Takum obpaszom, nonydeHHast [1BX-kommo3uuust
¢ pa3paboTaHHBIM IIACTU(PUKATOPOM INOYTOKCUITU-
JIATUTTUHAT (CTeTICHh OKCUATUINPOBAHUS — 5) 1O OC-
HOBHBIM (PM3MKO-MEeXaHMIECKIM TTOKa3aTeIIsIM He YCTY-
naeT cepuitHbIM oOpa3uam. JlodaBieHre HEOOIbIINX
komuecTB dhochopconepkaiiero aHTunupeHa au(2-
sturekcui)benmidocdara (MeHee 3%) B pazpaboTaH-
HYIO PeLeNTypy KabeJbHbIX TUIACTUKATOB 00eCeuruBaeT
MaKCUMAaJIbHO CHIDKCHHEBIC 3HAUCHUS TTOKa3aTesIeii To-
PIOUYECTH.
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