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Abstract: Polyvinyl chloride (PVC) is used to obtain a wide range of materials for various purposes. High demand of PVC
is explained by possibility to modify polyvinyl chloride and produce broad range of materials with improved properties as
well as to have cost efficient ratio: productivity, available raw materials, saving of natural resources. However, under normal
temperature polyvinyl chloride is brittle and inelastic, that limits the fields of PVC application. The production of basic PVC
compositions is impossible without plasticizers — low-molecular compounds that allow direct regulating physical and
mechanical properties of polymer. Production of plasticizers became one of the most important branch of petrochemical
industry. Recently, however, the range and production of plasticizers have drastically decreased due to the increased cost,
which reduced the competitiveness of plasticized PVC products. Therefore, the expansion of plasticizer variety for PVC is a
strategic task of great practical significance.

The present work describes synthesis methods of esters on the basis of oxyalkylated alcohols suggested as polyvinyl chloride
plasticizers. Physico-chemical properties of synthesized compounds were studied. Conditions for their production with maximum
outcome were selected. The results of experiments in which obtained compounds were tested as additives in the plasticization of
PVC showed that the obtained samples of cable plastic, adhesive PVC tapes and multi-layered polyvinyl chloride linoleum satisfy all
the technical requirements by the main indicators: cable plastic compound — GOST 5960-72 with amendment 1-9; a PVC adhesive
tape - Technical Conditions — 2245-001-00203312-2003; multilayered linoleum - GOST 7251-77.

According to the experimental results, phthalates of oxyalkylated alcohols possess rather high efficiency as plasticizers of
polyvinyl chloride and are recommended for use in the above-mentioned industrial PVC recipes.

Keywords: water sorption, soft cabel compound, PVC adhesive tape, multilayer linoleum, polyvinyl chloride plasticizers, tensile
strain, breaking strength, melt flow index, thermostability, oxyalkylated alcohols phthalates.
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Pe3srome: NMonusrHunxnopug (MBX) ncnonb3syerca Ana nonyyeHns WMPOKOTo CrekTpa MaTeprasnios Pas/IMyHOro HasHayeHua.
Bbicokmin cnpoc Ha MBX cBA3aH € BO3MOMXHOCTbIO MOANMKaLIMI NONMBUHUIXIOPUAA Y MOTyYeHneM 60MbLLOro pa3HOo6pasmna Ma-
TEpUasnoB C yNyyLleHHbIMV CBOMCTBaMY, a TaKXKe C SKOHOMUYECKN 060CHOBaHHbIM COOTHOLLIEHMEM 3aTpaT — MPOU3BOAUTENBHOCTbIO,
LOCTYMHbBIM CbIpbeM, SKOHOMUEN MPUPOAHBIX pecypcoB. OfHaKo Npuw 06blYHON TemMNepaType NOANBUHUNXIOPWE ABAAETCA XPYNKUM
1 HEMACTUYHBIM, YTO OrpaHymBaeT obnactv npumeHeHus MBX. Beinyck ocHoBHbIX MBX-KoMno3numit HEBO3MOXEH 6e3 NpUMeHeHUA
NNacTMPpMKaTOPOB — HN3KOMONEKYNAPHBIX COeJMHEHNI, KOTOPbIE MO3BOMNAIOT HaMpaB/IEHHO PerynMpoBaTbh GU3NKO-MexaHnyecKmne
cBolicTBa nonmmepa. Mpor3BoAcTBO NNacTUPNKaTOPOB CTaNo OAHON 13 BaXKHbIX OTpacsien HepTeXMMNYECKON MPOMbILLIEHHOCTY.
OpHako B nocnefHee BpeMs acCOPTVMEHT 1 MPON3BOACTBO PE3KO COKPATUNCh 13-3a BO3POCLUE ce6eCTOMMOCTM, YTO CHU3MIIO
KOHKYPEHTOCNOCO6HOCTb MnacTudunumposaHHbix NBX-nspennii. Mostomy pacluvpeHne accoptmeHTa nnactudukatopos ana MNBX
ABNIAETCA NPUOPUTETHBIM HaNpPaBNeHNEM U UMeeT NPaKTUYECKYHo 3HaUNMOCTb.

B paHHo paboTe onvcaHbl METOAbI NOSTyYeHNA CNOXKHBIX 3$NPOB Ha OCHOBE OKCMANKMIMPOBaHHbIX CMUPTOB, MPeSIOKEHHbIX
B KauecTBe nnacTudrKatopos NoNNBUHMUIXNOPMAA. V3yueHbl GU3NKO-XMUYECKMe CBONCTBA CUHTE3MPOBaHHbIX coeuHeHNI. Mofo06-
paHbl YCIOBUA NX MONYYEHUA C MaKCUManbHbIM BbIXOAOM. Pe3y/bTaTbl UCMbITaHWUIA NMOSTyYeHHbIX COeAVHEHNIA B KayecTBe A06aBOK
npwv nnactudrkaumm MBX nokasanu, YTo nosyyeHHble 06pasLbl KabenbHOro NnacTukata, NeHTbl MBX NMMKOM U MHOFOCIONHOTO
NONVBVHUNXTIOPUAHOTO NINHONEYMa MO OCHOBHbIM MOKa3aTeNiAM COOTBETCTBYIOT BCEM TEXHNYECKMM TpeboBaHNAM: KabenbHbli
nnactmkat — FOCT 5960-72 c n3m. 1-9; neHta MBX nunkasa — TY 2245-001-00203312-2003; MHOrocoMHbINn inHoneym — FOCT 7251-77.
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INTRODUCTION

Polyvinyl chloride (PVC) is the most demanded volume
polymer produced both in Russia and abroad. The reason
for this is the exceptional ability to be processed by any
means into a wide range of materials and products for vari-
ous purposes. It is commonly known, in recent years there
has been a tendency to an increase in the requirements for
the operational and technological properties of materials
and products obtained on the base of polyvinyl chloride.
Therefore, additives must also meet the requirements.

More than 12 million tones of polymeric additives are
produced every year in the world. The key role of chemical
additives is to facilitate the processing of polymer blends
and give necessary properties to finished products. Ap-
plication of additives allows manufacturing a wide variety
of products — from very soft, gel-like, to elastic, hard
materials.

Plasticizers have the largest part among additives
(more than 50%). Esters of phthalic acid are at the first
place in consumption.

The main representative of phthalate plasticizers is
dioctyl phthalate (DOP), which is considered to be an
international standard plasticizer for PVC that meets pro-
cessing requirements. Its combination of properties is
optimal, it is relatively cheap and provides the necessary
complex of operational properties, but it belongs to sub-
stances of the second hazard class. However, DOP is still
the most commonly used ester plasticizer for PVC [1...6].

Therefore, the development of new effective and eco-
friendly plasticizers is relevant and has important practical
importance.

MAIN PART

The authors are conducting research on the develop-
ment of new plasticizers [7...17]. This paper describes
methods of synthesis, some physic-chemical properties
and results of tests of oxyalkylated alcohol phthalates in
several PVC-composition for construction purposes,
specifically: in the recipes of cabel PVC-plasticate O-40
rec. OM-40 (black), PVC adhesive tape and multilayer
linoleum.

Target esters with third class of hazard are obtained
in two stages. At the first stage oxyalkylated alcohols are
synthesized. Then by esterification of oxyalkylated alco-
hols with phthalic anhydride final products are obtained.

Method of oxyalkylating of alcohols

A four-necked flask equipped with a stirrer, a ther-
mometer, a reflux condenser, and a device for introducing
ethylene oxide (propylene) is charged with the calculated
amount of alcohol and catalyst — sodium hydroxide. The
reactor is heated in an oil bath and blow of with nitrogen
to remove air. Then gradually (with the running mixer),
ethylene (propylene) oxide is introduced. The rate of
ethylene (propylene) oxide feeding is adjusted so that
the unreacted oxide condenses in the reflux condenser
and flows back into the reactor «without liquid flooding».
After feeding of ethylene (propylene) oxide, the reac-
tion mixture is further heated and then cooled to room
temperature.

The catalyst is neutralized with a calculated amount
of sulfuric acid and the resulting mass is filtered.
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0
Method of estirification of phthalic anhydride B, Tl c\//
nCHzLH S ROH , R\ (OCH,CHnOH + 0 — o
In a three-necked flask equipped with a Dean-Stark \0/ (1-22) !
trap cooler thermometer and a mechanical stirrer phthalic T \\O
anhydride, oxyalkylated alcohol and catalyst, p-toluene-
sulfonic acid (PTSA) or tetrabutoxytitanium are placed. Ry
The reaction is carried out until the estimated amount of COO(CH- CH,0)R,
water is formed in the trap. After completion of the reac- + R40H 7
tion, the catalyst is hydrolyzed with water and the product |
of esterification is filtered off. In case of using PTSA, ~ COOR
an inert gas — carbon dioxide or nitrogen — is bubbled @3- 4)1)
through the reaction mixture to facilitate the removal of +R;0H - R
water that forms. I|{4 |2
ini - COO(CH,-CHO), R
The general scheme for obte.umng oxyalkylated phthal + RAOCH,CHnOH (CH2-CHO)n R,
ates of alcohols has the following form: .
COO(CH:-CIHO)nR3
Table 1 (45-76) ™
Optimum conditions for obtaining chemical additives
. Molecular ratio Tempera-
h
Synthesized compounds s ture, °C Note
R; Alcohol: ethy- 1:1-3 | 110—180 |[amount of catalyst
lene (propylene) 0,5—3% (mass. from
R{(OCH,;CH)nOH , oxide loading)
where R, = C,H; R, = H (1-4), CH, (5-8);
R, =C.H,; R,=H (9-12), CH, (13-16);
R, =C.H;R,=H (17), CH, (18);
R, = CH,CH,; R, = CH, (19-22).
R, Phthalic 1:1,5 | 110—140 |amount of catalyst
anhydride: 0,1—2% (mass. from
COO(CH-CH;0)nR; oxyalkylated loading) + activated
= alcohol carbon in quantity 1%
| (mass. from wight of
AN loaded components)
COOR;3
where R, = C,H,; R, = C,H,; R2 = H (23-26), CH, (27-30);
R,=CH, ;R,=CH, ;R,=H (31-34), CH, (35-38);
R,=CH,CH,; R,= C,H,CH,; R, = CH, (39-42);
R,=CH_ ;R,=CH,R,=H (43), CH, (44).
R; Phthalic 1:2,5 | 120—180 |amount of catalyst
e (!'HO anhydride: 0,1-2% (mass. from
(CH-CHO)n R, oxyalkylated loading) + activated
. alcohol carbon in quantity 1%
COO(CH,-CHO)R3 (mass. from wight of
[ loaded components)
Ry
where R, = C,H,; R, = C,H,; R, = H (45-48), R, = CH, (49-52);
R,=CH,;R,= CH,;R,=H (53-56), R, = CH, (57-60);
R, =CH,;R,=CH,;R,=H;R,=H (61-64);
R, =CH,; R,=CH,; R,= CH,; R, = CH, (65-68);
R,=CH,; R,=CH,; R,= H; R, = CH, (69-72);
R, =CH; R,=CH;R,=CH;R,=H (73-76).
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where R, = C,H;; CH; CH,;; CH,CH,; R, = H;
CH;; R, = C,H;; CH

» CH; CH.CH,; R,=H; CH,.

The conditions for obtaining plasticizers with a yield
of more than 80 % are given in the Table 1.

Physic-chemical properties of synthesized compounds
are given in Tables 2, 3.

From Table 2 it can be seen that with an increase in
the degree of oxyalkylation, the density and refractive
index increase.

From the obtained results it can be seen that with an
increase in the degree of oxyalkylation, the refractive

index of the esters decreases and the density increases.

Physical and chemical characteristics of plasticizers were
analyzed according to GOST 8728-88.

RESULTS AND DISCUSSION

To determine the efficiency of developed plasticizers
the changing of Shor A hardness from the concentration
of plasticizer were studied (plasticizer:PVC—1:100). On
the base of calculation of quantitative substitution factor
(SF), which determines the required amount of phthal-
ates of oxyalkylated alcohols compared to DOP and pro-
vides the necessary hardness of flexible PVC under room

Table 2
Physic-chemical properties of oxyalkylated alcohols
Ne compound n a, ) Ester number, mg | ;1. mass, found
KOH/g
Oxyethylated butanols
1 1,5 0,9745 1,4285 790 142
2 2,0 0,9842 1,4333 681 165
3 2,2 0,9875 1,4351 644 173
4 2,4 0,9895 1,4369 615 182
Oxypropylated Butanols
5 1,5 0,9130 1,4274 693 162
6 2,0 0,9224 1,4289 586 192
7 2,2 0,9253 1,4296 552 203
8 2,4 0,9287 1,4303 522 215
Oxyethylated 2-ethylhexanols
9 1,5 0,9141 1,4325 568 197
10 2,0 0,9240 1,4490 510 220
11 2,4 0,9309 1,4580 471 238
12 3,0 0,9382 1,4696 422 265
Oxypropylated 2-ethylhexanols
13 1,3 0,8757 1,4329 538 208
14 1,9 0,8787 1,4342 461 243
15 2,3 0,8841 1,4358 423 265
16 2,7 0,8911 1,4379 386 290
Oxyethylated phenol
7| 1,0 | 1,1007 | 1,5314 | 789 | 142
Oxypropylated phenol
18 | 2,1 | 1,0773 | 1,5338 | 514 | 218
Oxypropylated phenylcarbinols
19 1,1 1,0114 1,5216 640 175
20 1,7 1,0136 1,5259 533 210
21 2,4 1,0162 1,5298 448 250
22 2,7 1,0176 1,5318 416 269
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Table 3
Physico-chemical properties of oxyalkylated alcohols phthalates

W e a a2 4o Acid number, | Ester number, | Molar mass,
D 4 mg KOH/g mg KOH/g found
1 2 3 4 5 6 7
Butylbutoxyethyl phthalates
23 1,5 1,4889 1,0559 0,10 321 349
24 2,0 1,4883 1,0581 0,10 302 371
25 2,2 1,4879 1,0601 0,10 295 380
26 2,4 1,4874 1,0615 0,10 288 389
Butylbutoxypropyl phthalates
27 1,5 1,4814 1,0237 0,05 303 370
28 2,0 1,4796 1,0298 0,08 281 399
29 2,2 1,4781 1,0307 0,08 272 412
30 2,4 1,4775 1,0324 0,10 265 422
Octyloctoxyethyl phthalates
31 1,5 1,4812 0,9875 0,10 242 463
32 2,0 1,4790 0,9930 0,10 231 485
33 2,4 1,4768 0,9986 0,10 222 505
34 3,0 1,4748 1,0097 0,10 213 526
Octyloxytoxypropyl phthalates
35 1,3 1,4775 0,9681 0,20 237 473
36 1,9 1,4745 0,9738 0,20 220 509
37 2,3 1,4733 0,9776 0,20 210 533
38 2,7 1,4719 0,9813 0,20 201 557
Benzylbenzoxypropyl phthalates
39 1,1 1,5189 1,1075 0,20 271 413
40 1,7 1,5178 1,1098 0,15 250 448
41 2,4 1,5168 1,1122 0,20 229 489
42 2,7 1,5163 1,1136 1,15 222 505
Octylphenoxyethyl phthalates
43 | 1,0 | 1483 | 1024 | 010 | 313 | 358
Octylphenoxypropyl phthalates
44 X | 14756 | 10098 | o010 [ 232 | 481
Dibutoxyethyl phthalates
45 1,5 1,0648 1,4855 0,20 271 413
46 2,0 1,0757 1,4816 0,10 243 461
47 2,2 1,0837 1,4755 0,10 236 475
48 2,4 1,0863 1,4742 0,20 226 496
Dibutoxypropyl phthalates
49 1,5 1,0286 1,4779 0,30 246 456
50 2,0 1,0296 1,4751 0,40 217 515
51 2,2 1,0299 1,4745 0,30 207 541
52 2,4 1,0304 1,4739 0,30 200 561
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Table 3
1 2 3 4 5 6 7
Dioctoxyethyl phthalates

53 1,5 0,9887 1,4797 0,30 211 531

54 2,0 0,9982 1,4783 0,30 195 574

55 2,4 1,0047 1,4772 0,38 183 612

56 3,0 1,0132 1,4754 0,30 168 667

Dioctoxypropyl phthalates

57 1,3 0,9642 1,4619 0,30 203 552

58 1,9 0,9978 1,4607 0,40 180 622

59 2,3 1,0253 1,4599 0,30 166 675

60 2,7 1,0429 1,4594 0,50 155 722
Butoxyethylphenoxyethyl phthalate

61 1,5 1,5190 1,1054 0,20 271 415

62 2,0 1,5183 1,1081 0,20 257 436

63 2,2 1,5180 1,1110 0,20 252 444

64 2,4 1,5176 11119 0,20 247 454
Butoxypropylphenoxypropyl phthalate

65 1,5 1,5184 1,1034 0,20 201 558

66 2,0 1,5178 1,1062 0,20 211 514

67 2,2 1,5175 1,1078 0,20 214 524

68 2,4 1,5172 1,1091 0,20 218 531
Butoxyethylphenoxypropyl phthalate

69 1,5 1,5184 1,1034 0,20 201 558

70 2,0 1,5178 1,1062 0,20 211 514

71 2,2 1,5175 1,1078 0,20 214 524

72 2,4 1,5172 1,1091 0,20 218 531
Butoxypropylphenoxyethyl phthalates

73 1,5 1,5187 1,1014 0,20 257 435

74 2,0 1,5183 1,1042 0,20 241 464

75 2,2 1,5178 1,1060 0,20 235 476

76 2,4 1,5174 1,1074 0,20 230 486

conditions, it was found that compounds 24, 29, 31, 35,
39, 44,47, 50, 53, 57, 61, 62, 67 are very similar to DOP
in plasticizing efficiency. These plasticizers are charac-
terized by high-solvency of PVC and a low tendency to
migrate from plasticized film, because, as is known, the
migration of plasticizer from a material plays a big part
in maintaining the properties of PVC materials during
operation for a long time [1]. Analysis of plasticizing
properties showed that obtained PVC films do not pos-
sess visible signs of migration of plasticizer and possess
good elastic properties.

Selected samples were tested in some PVC composi-
tions for construction purposes.

Testing of plasticizers in the formulation of cable plastic
brand 0-40rec. OM-40 (black)

Samples of cable plastic brand O-40 rec. OM-40
(black) was analyzed according to GOST 5960-72 rev. 1-9
«Polyvinyl chloride plasticate for insulation and protec-
tive sheaths of wires and cables». Results of testing are
shown in Table 4.

Represented data in the table show that the main
characteristics — breaking strength, elongation at break,
shatter point of obtained cable plastics are not inferior
to industrial samples, and such indicators as «Weight
loss at 160°C» and «Water absorption» are much lower
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Table 4

Results of testing plasticizers in the formulation of cable plastic brand O-40 rec. OM-40 (black)

Nanobuli

Plasticizer
Norms according Ne compound
Characteristics to GOST 5960-72 | Control 47 50 24 29
rev. 1-9 sample Ne sample
(1% class) 1 11 11 v
Specific insulation resistance No less than L0 . L0 100 100
at 20°C, Ohm » sm 1-100 9,0+ 10 6,3+10 4,5+10 7,510 6,0-10
Breaking strength, kg/cm? No less than 110 147 140 142 144 140
Elongation at break, % No less than 280 385 328 345 336 276
Shatter point, °C Not above —40 Stand the test
Weight loss at 160°C,
within 6 h.. % No more than 3,0 2,2 2,0 1,7 1,8 1,6
Hardness, kg/cm?, No less than
at 20°C 9-20 12,5 11,3 11,8 12,1 11,9
at 70°C 6—12 7,3 7,2 7,1 7,3 7,4
Water absorption, % No more than 0,45 0,080 0,040 0,052 0,350 0,053
Softening temperature, °C 170£10 171 171 172 169 171
Density, g/cm? No more than 1,4 1,38 1,39 1,38 1,39 1,38
Technological properties
Eﬁrm“tab‘my at80°C, 1 GOST 14041-91 |2 h. 15 min.|2 h. 16 min.|2 h. 24 min.|2 h. 35 min.|2 h. 12 min.
Melt flow rate, g/10 min
T = 190°C, P = 10 ke/cm? GOST 11645-73 103,3 106,3 102,0 98,7 102,4
Table 5
Results of testing PVC adhesive tape
Plasticizer
N i Ol Ne compound
Characteristi orms according 53 | 57 | 31 | 35 | 62 | 61 | 67 | 39 | 44
el o s 2245-001- | O G E[ P& D]
00203312-2003 | 2 oSl
D A% VI VII | VIII | IX X XI XII | XIII
Breaking strength, No less
ke/cm? than 50 73 65 71 69 73 65 71 69 70 72
Tensile strain, % No less than 280 | 277 | 258 | 262 | 281 | 276 | 258 | 262 | 281 | 276 | 275
Shatter point, °C Not above —30 Stand the test
Technological properties
Thermostab'lhty GOST 14041-91 2 h: 072 h: 05(2 h_. 15)|2 h: 59(2 h: 06(2 h: 1112 h: 082 h: 272 h: 2912 h: 06
at 170°C, min. min. | min. | min. | min. | min. | min. | min. | min. | min. | min.
Melt flow rate,
at T = 180°C,
H = 16,6 kef. GOST 11645-73 | 10,5 | 14,8 | 12,5 | 14,2 | 12,8 | 14,8 | 12,5 | 14,2 | 13,8 | 14,1
2/10 min.
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specifically when using butylbutoxypropylphthalate and
dibutoxyethylphthalate and dibutoxypropylphthalate.

Testing of plasticizers in the formulation of PVC adhesive
tape

The obtained samples of PVC adhesive tape were ana-
lyzed according to TS 2245-001-00203312-2003 (PVC
adhesive tape). Results of analysis are shown in Table 5.

According to the data from the table, PVC adhesive
tape meets the technical requirements. It is noted that using
the ester compounds obtained by us improves the indica-
tors, specifically: «Breaking strength», «Tensile strain»,
«Shatter temperature» and «Thermostability». Almost in all
cases these samples provide technological and operational
characteristics above the level of the DOP serial plasticizer.

Table 6

Testing of plasticizers in multilayer linoleum

For the manufacture of multilayer baseless linoleum,
polyvinyl chloride films were preliminarily obtained: the
upper transparent, middle and lower layers, which were
analyzed according to the GTP 00203312-100-2006. Re-
sults of analysis are shown in Table 6.

The data from the Table 6 show that replacement
of dioctyl phthalate with oxyalkylated alcohols phthal-
ates makes it possible to obtain PVC films with high
thermal stability and improved melt flow. According
to the test results, in all cases of using the prototypes,
the main technological characteristics were notice-
ably better, that indicates facilitated processing of the
PVC-compositions. It can be seen that the indicators
«Thermalstability time» and «Melt Flow Rate» decrease

Testing results of plasticizers in PVC formulations in the upper, middle and lower layers of linoleum

Plasticicer
Ne compound
Characteristics Norms according to 47 | 50 | 24 | 29 | 53 | 57 | 31 | 35
CSS 00203312-100-2006 Ne sample
| II II1 VI \% VI VII | VIII
1 2 3 4 5 6 7 8 9 10
Industrial formulation of the upper layer of linoleum
(Plasticized PVC plasticate transparent with an embossed surface and without embossing)
Longitudinal strength, kg/cm? No less than
along 175 270 | 284 | 282 | 287 | 279 | 294 | 285 | 290
across 175 277 | 258 | 259 | 232 | 241 221 | 254 | 227
Breaking elongation, % No less than
along 100 221 | 249 | 256 | 275 | 297 | 318 | 249 | 263
across 100 293 | 258 | 281 | 269 | 253 | 301 | 266 | 253
Change in linear dimensions , % No more than 3,0 1,4 1,2 1,5 1,4 2,0 1,3 1,7 1,8
Technological properties
. 1h. 1h. 1h. 1h. 1h. 1h. 1h. 1h.
Thermostability at 180°C, min C"nlt}rl"a?ﬁ r? oP 38 | 51| 41 | 43 | 35 | 48 | 37 | 40
’ ’ min. | min. | min. | min. | min. | min. | min. | min.
Melt flow rate, g/10 min
T = 170°C, P = 16,6 kef 7,1 8,5 9,3 8,4 8,6 7,5 8,3 8,9 9,1
Industrial formulation of the middle layer of linoleum (Plasticized PVC plasticate filled with natural color)
Longitudinal strength, kg/cm? No less than
along 100 149 | 152 | 168 | 162 | 138 143 163 142
across 100 125 136 130 114 105 120 | 140 | 124
Breaking elongation, % No less than
along 100 189 | 198 | 252 | 243 | 190 | 200 | 223 | 209
across 100 242 | 232 | 180 | 192 178 | 204 | 217 | 240
Change in linear dimensions, % No more than 3,0 1,6 1,3 1,0 1,2 1,5 1,0 1,3 1,4
Technological properties
Thermostability at 180°C, min Control with DOP 37 min. 3.1 3.2 3.7 3.4 3.0 3.5 3.9 3.3
min. | min. | min. | min. | min. | min. | min. | min.
Melt flow rate, g/10 min
T = 170°C, P = 16.6 kef 8,1 9,5 9,7 | 10,5 | 9,9 8,4 8,9 | 10,4 | 9,2
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Table 6

1 | 2

| 3| 4| 5[ 6] 7] 8] 9] 1w

Industrial formulation of the lower layer of linoleum (Plasticized PVC plasticate filled)

Longitudinal strength, kg/cm? No less than

116 127 | 133 | 136 117 133 | 129 | 131
80 91 116 118 85 103 99 100

along 75
across 75
Breaking elongation, % No less than
along 100
across 100

211 | 233 | 209 | 223 | 208 | 231 | 245 | 256
151 | 208 | 152 | 163 | 157 | 219 | 252 | 245

Change in linear dimensions, % No more than 3,0

09 (05|05 )| 04] 09 ]| 04| 06 | 07

Technological properties

Thermostability at 180°C, min

Control with DOP 28 min.

20 28 24 25 18 27 21 22
min. | min. | min. | min. | min. | min. | min. | min.

Melt flow rate, g/10 min

T =170°C, P = 16,6 kgf 4.3

5,1 54 | 44 | 46 | 40 | 45 | 48 5,1

when moving from oxypropylated to ethoxylated com-
pounds. This is apparently due to the presence of a side
methyl group in the alcohol part of the oxypropylated
compounds.

At the next stage of producing multi-layer polyvinyl
chloride linoleum, the films were connected in a dupli-
cation unit which consists of heated drums, rubberized
pressure rollers and a cooler conveyor.

Results of testing are shown in Table 7.

As it can be seen from the Table 7, the plasticization of
PVC films with oxyalkylated alcohols phthalates positively
influence on the performance characteristics — abrasion,
change in linear dimensions and absolute deformation
set — of multilayer linoleum.

Table 7
Results of multilayer linoleum testing

CONCLUSION

Thus, the use of developed plasticizers in PVC materi-
als improves their main physical and mechanical, tech-
nological and operational characteristics:

— the indicators «Weight loss at 160°C» and «Water
absorption plastics» are improved in soft cable com-
pound;

— the indicators «Breaking strength», «Tensile strain»,
«Shatter temperature» and «Thermostability» are im-
proved in PVC adhesive tape;

— the indicators «Abrasion», «Change in linear dimen-
sions» and «Absolute deformation set» are at the level
of industrial plasticizer DOP in multilayer linoleum.

Plasticizers used in the — Characteristics =
preparation of polymer | Changeinlinear | o o o tivity, |/bsolutedeformation | 0 in mem,
films UILTERE I Ohm, no more than ik I, no more than
% no more than no more than
Norms accordin;
g g 0,80 5,0+ 105 0,45 90
Control sample 0,71 17,4« 1012 0,42 86
1 0,57 3,4+10" 0,35 74
11 0,47 4,210 0,26 44
111 0,52 3,9+10" 0,34 45
v 0,42 4,1-10"2 0,32 51
\% 0,65 3,2+10% 0,39 82
VI 0,55 4,110"7 0,30 52
VII 0,45 3,6+ 102 0,29 47
VIII 0,50 3,810 0,27 54
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BBEJEHUE

omuBrHIIxIopua (ITBX) sBisteTcs ogHnM 13 ca-

MBIX BOCTPEOOBAHHBIX KPYITHOTOHHAXKHBIX TTOJIH -
MEpOB, TIPON3BOINMEIX KaK B Poccun, Tak 1 3a pyoexkoMm.
[TprmamHOM 3TOTO SIBISICTCS MCKITIOUNTEIbHAS CITOCO0-
HOCTB ITPAKTUIECKH JTIOOBIMU CTIOCOOAMM TTepepadaThl-
BaThCS B 3HAUNTETBHBIN aCCOPTUMEHT MaTepHUAaJIOB 1 13-
e pa3TMIHOro Ha3HadeHUs. Kak m3BecTHO, B 1IO-
CJICIHME TOIbI HAMETUJIACh TCHACHIINS K BO3pACTaHUIO
TpeOOBaHMI1 K SKCITTyaTAlIMOHHBIM M TEXHOJIOTICCKIM
CBOICTBaM ITOJTyJaeMbIX Ha OCHOBE TIOJTMBUHIIXJIOPHIA
MaTepuaioB 1 uaaeauii. [ToaToMy mobaBKM TakKe MOJK-
HBI COOTBETCTBOBATH MIPEIBSIBISIEMbIM TPEOOBAHUSIM.

B mupe exxeromHo mpom3BoauTcd Oojiee 12 MITH.
TOHH TIOJIMMEPHBIX 100aBOK. [JTaBHAsT poJIb XMMHKa-
TOB-II00aBOK — 00JIETICHIUE TICPePaOOTKHI TTOJIMMEPHBIX
cMeceil 1 TTpuIaHne TOTOBBIM U3IETUSIM HEOOXOIMMBIX
cBoiicTB. [IpMeHeHNEe T0OABOK MTO3BOJISICT MOIYIaTh
caMbIe pa3HOOOpAa3HBIC TTPOAYKTEl — OT OUYCHB MSITKUX,
TeJIe00pa3HbIX, 10 YIIPYTUX, XKeCTKUX MaTepraiios [ 1...4].

Cpenn m06aBOK HaMOOJIBIIYIO IO 3aHUMAIOT
miactudukaropsl (6osee 50%). Ha mepBoM MmecTe 110
MOTPeOICHUIO TIACTU(UKATOPOB HAXOMATCS 3(UPHI
(¢raneBoit KUCITOTHI [4].

OCHOBHBIM TIpeICTaBUTEIEM (PTATATHBIX TIACTH(DH-
KaTtopoB aBisgeTca nuokTmwidTanar (JJO®D), KoTopslit
CUMTAETCS MEXIYHAPOAHBIM CTAaHIAPTHBIM TLIACTU(DU-
kartopom [1BX, ynosneTBopsiionMM TpeOOBaHUSIM Tiepe-
pabotkn. OH UMEET ONTUMATbHOE COUYCTaHNE CBOMCTB,
CPaBHUTEJIHHO JICIIIEBEIN, 00CCIIEYNBAECT HEOOXOTUMBIN
KOMIUIEKC SKCILUTyaTallMOHHBIX CBOMCTB, HO OTHOCHUTCS K
BemtectBaM II kimacca omacHoctu. Tem He Mmenee, JJO®D
BCe eIIle 0CTaeTCs HanmboJIee pacipoCTpaHEHHBIM CITOXK-
Ho3(pumpHBIM tutactTrudukaropoM IIBX [1...6].

IToaTomy pa3paboTka HOBBIX 3(P(PEKTUBHBIX U 9KO-
JIOTUIHBIX TJIACTU(MUKATOPOB SIBISICTCS aKTyaJIbHOM
¥ IMECT BaXKHOE MPAKTHIECKOe 3HAUCHHUE.

OKCIIEPUMEHTAJIbHAA YACTb

Hamu mipoBoOISITCS MCCIeIOBAaHMS IO pa3paboTKe
HOBBIX Tu1acTuduKaTopoB [7...17]. B manHoit pabote
TIPUBOISITCS METOMIBI CHHTE3a, HEKOTOPHIE (PU3UKO-XU-
MMUYECKIE CBOMCTBA M PE3YIBTAThI CIIBITAHMIA (DTAIaTOB
OKCHAJIKUJIMPOBAHHBIX CITUPTOB B HEKOTOphIX [1BX-
KOMITO3HIINSAX CTPOUTEIBHOTO Ha3HAYCHUS, a MMCH-
HO B peuentypax kabenpbHoro I1BX-mnactukara map-
ku 0-40 perr. OM-40 (gepHbIif), a1eHTH [1BX mumkoit
¥ MHOTOCJIOITHOTO JIMHOJIEYMa.

LlemeBbIe cI0XHBIE 3(DUPHI ¢ 3-M KIACCOM OTTaCHO-
CTHU TIOJIyYajy B ABa 3Tama. B mepByro odyepeab CMHTe-
3MPOBAJI OKCUATKMINPOBAHHBIC CITUPTHL. 3aTeM 3Te-
pudukamnueit nx ¢ GraseBBIM aHTUAPUIOM ITOIYIAIIN
KOHEUHBIC ITPOAYKTHI.

Memoduka okcuarkuaupoganus cRUpmos

B ueThIpexropityto KoJji0y, CHaOKEeHHYI0 MEIIaJIKOu,
TEPMOMETPOM, OOPATHBIM XOJIOAUIEHUKOM W YCTPOIi-
CTBOM IUIST BBOIIA OKCHIA 3TUJICHA (IIPOMMJICHA) 3arpy-
JKafoT PacUeTHOE KOJIMUECTBO CITMPTA M KaTaIM3aTopa —
eIKoro HaTpa. PeakTop HarpeBaioT Ha MacjsTHOI OaHe
1 TIPOIYBAIOT a30TOM IUTS yOAJICHUS BO3myxa. 3aTeM I10-
CTEIIeHHO (MpY padoTaoIIeii MeIIajKe) BBOISIT OKCHI
sTuieHa (mpormieHa). CKOpOCTh MOJaYr OKMCH STHIIC-
Ha (TIpormIeHa) PEeTYIMPYIOT TAKUM 00pa3oM, YTOOBI He
BCTYITMBIIIAsI B peaKIINIO OKMCh KOHIEHCHPOBAIACh B 00-
paTHOM XOJIOIWIEHUKE M CTeKajla 00paTHO B peakTop «0e3
3axJ1eObIBaHM». [1ocITe TTomaun okcuma STrieHa (ITPOITH-
JIEHa) PeaKIIMOHHYIO CMECh TOTIOJTHUTETHEHO HAaIPEeBaroOT
1 3aTeM OXJIAXKIAIOT J0 KOMHATHOI TeMIIepaTyphI.

Karanmm3aTop HEUTpaIn3ylOT pacIYCTHBIM KOJIMIEC-
CTBOM CEpPHOM KUCIIOTH M MOJIYICHHYIO Maccy Duib-
TPYIOT.

Memooduka smepupurayuu pmanesoeo aneuopuoa

B Tpexropiyto Kon0y, CHaOXEHHYIO XOJIOAUIbHU -
KOM ¢ JoBymKoit Jluaa-Crapka, TepMOMETPOM U Me-
XaHUYECKOM MEIIajaKoi, MoMelaoT (TajaeBblii aHTH-
JIpUIT, OKCUATIKWUJIMPOBAHHBIN CITUPT U KaTaJu3aTop —
n-tonyoncynbdokuciory (IITCK) unu TeTpabyTokcu-
TUTaH. Peakiyio BeayT 10 TeX Mop, MokKa B JIOBYLIKE He
obpasyeTcs pacyeTHOE KOJIMYEeCTBO Bobl. [1o okoHuYa-
HUM peakUMy KaTaJu3aTop ’MAPOJU3YIOT BOJOW U ITe-
pudnkar ormIbTpoBEIBatOT. [Ipn MCITOIB30BaHUN
ITCK s obneryeHus yaajieHus oopasyronieiics BOIbI
yepe3 peaklMOHHYIO0 CMeCh 0apOOTUPYIOT MHEPTHBIMN
raz — IMOKCHUJI YIJIepoJa Uiu a3or.

O061mIast cxema IoTy4eHHsT (hTaaTOB OKCUATKILIAPO-
BaHHBIX CITUPTOB UMEET CACAYIOIINIA BU/I;

0
Vi
i i S
nCHQLH ZRIOH | R (0CH,CHOH + o —
Yo/ (1-22)
- Y
%
Ry
COO(CH-CH,0)nR;
+R,0H 7 |
N
COOR;
(23 -44)
—_—]
+R,0H
R, Rz
COO(CHy-CHO), R
+R5(OCH,;CH)nOH

COO(CH;-CIHO)nks

(45-76) ™
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rmme R =CH;CH_;CH;CHCH;R =H;CH,; OBCYXXJIEHMUE PE3VJIBTATOB
R,=CH;CH_;CH;CHCH,;R,=H; CH..

YCI1oBUS, TIO3BOJISIIONINE TTOIYIUTh TIACTA(DUKATO- g onpenenenus 2 GEKTUBHOCTU pa3paboTaHHBIX
pHI ¢ BeixogoM 0osiee 80%, npuBeneHb B Ta0I. 1. IUTacTU(UKATOPOB OBLIO NCCIIEA0BAHO N3MEHEHME TBEP-

Du3nKo-XNMHUYECKHE TTOKA3aTeNIM CUHTE3UpoBaH-  gocTh 1o [Hlopy A oT KOHIIeHTpallny ItacTudukaTopa
HBIX COeIMHEHWI TpUBENEeHBI B Ta0.2, 3. (turactudukarop: ITBX — 1:100). Ha ocHoBaHMM pacueTa

M3 1abm. 2 BUIHO, YTO C TTOBBIIIEHUEM CTETIEHU OK- KOJIMIeCTBeHHOTO (pakTopa 3amenieHus (P3), ompene-
CHAJIKWUTMPOBAHUS TUIOTHOCTh U TTOKA3aTellb IIPEJIOM-  JISIONIETO TpeOyeMoe KOJMIEeCTBO (PTaJaTOB OKCHATI-
JICHUS PacTyT. KMJIMPOBAHHBIX CITUPTOB 1o cpaBHeHMIO ¢ [JOD 1 06e-

M3 nosiyueHHBIX pe3yJbTaTOB BUIHO, YTO C YBEJIU- CMEeYMBAIOIIETO HEOOXOAUMYIO TBEpAOCTh THOKoro ITBX
YeHUEM CTeTIeH! OKCUAJIKUJINPOBAaHMS ITOKAa3aTellb IIpe- TP KOMHATHBIX YCIIOBUSIX, OBUIO YCTAHOBIIEHO, UTO CO-

JIOMJIEHUS 3(PUPOB CHMXKAETCS, a TUIOTHOCTD pacteT.  exmHeHus 24, 29, 31, 35, 39, 44, 47, 50, 53, 57, 61, 62,
DuU3NKO-XUMUYECKHE ITOKa3aTeau miacTudukatopoB 67 odeHb cxoxu ¢ JOD no miactuduuupyioeit ag-
a"amusuposanu cormacHo 'OCT 8728-88. ¢dekTuBHOCTH. [J11 5THX TTAaCTU(UKATOPOB XapaKTepHa

Tabauya 1
OnTuMajbHbie YCI0BHS IS NOTyYeHHs] XMMHKATOB-100aBOK

CHHTe3HPOBAHHbIC COeTMHEHNS R o TeMneI:a- Ipumeuanue
HHE PEeareHToB Typa, °C
R, CrupT: oKcun 1:1-3 | 110—180 |koauyecTBO
STUJIEHA katanuzaropa 0,5—3%
R (OCH;CHnOH, (TIpornuyicHa) (Macc. oT 3arpy3Ku)
rie R, = C,H,; R,=H (1-4), CH, (5-8);
R, =CH,;R,=H (9-12), CH, (13-16);
R,=CH,; R,=H (17), CH, (18);
R,=CH,CH,; R, = CH, (19-22).
R, ®ranesbrit an- | 1:1,5 | 110—140 |konnuecTBO
TUIPUI: OKCH- katanusaropa 0,1-2%
COO(CH-CHQO)an AJIKAJIMPOBAH- (Macc. oT 3arpy3ku) +
= HBII CIIUPT AKTUBUPOBAHHBIN
| . YTOJTb B KOJIMYECTBE
AN 1% (Macc. oT Macchl
COOR; 3arpy>KEHHBIX
e R, = C,H,; R, = C H,; R2 = H (23-26), CH, (27-30); KOMIIOHCHTOB)
R,=CH_ ;R,=CH_;R,=H (31-34), CH, (35-38);
R,=CH,CH,; R,=CH,CH,; R,= CH, (39-42);
R, =CH; R, = CH,; R,=H (43), CH, (44).
R) @ranessrit an- | 1:2,5 | 120—180 | kommuecTBO
TMAPUJL: OKCU- katanusaropa 0,1-2%
COO(CH-CHOIn R, AJTKWJIMPOBAH- (Macc. oT 3arpy3ku) +
@ . HBI CIIUPT AKTUBUPOBAHHBIN
YTOJTb B KOJIMIECTBE
COO(CHT?HO)HR3 1% (macc. OT Maccht
Ry 3arpy>KeHHBIX
me R, = C,H,; R,=C,H; R, = H (45-48), R, = CH, (49-52); KOMIIOHEHTOB)
R, =CH,_ ;R,=CH_ ;R =H(53-56), R, = CH, (57-60);
R, =CH;R,=CHg;R,=H; R, =H(61-64);
R, =CH;R,=CH;R,=CH,; R,=CH, (65-68);
R, =CH,; R, =CH;;R,=H; R, = CH, (69-72);
R, =CH_; R, =CH;R,=CH,;R,=H (73-76).
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Tabauya 2
DU3HKO-XHUMHYECKHE CBOICTBA OKCHAIKMIMPOBAHHBIX CIIUPTOB
e n dz n? 9. 4., mr KOH/r M. M. HaiiieHO
COCIUHECHUA 4 D ’
OxcusmuaupoganHole OYmMaHobl
1 1,5 0,9745 1,4285 790 142
2 2,0 0,9842 1,4333 681 165
3 2,2 0,9875 1,4351 644 173
4 2,4 0,9895 1,4369 615 182
OxcunponuaupoganHule OYmMaHobl
5 L5 0,9130 1,4274 693 162
6 2,0 0,9224 1,4289 586 192
7 2,2 0,9253 1,4296 552 203
8 2,4 0,9287 1,4303 522 215
OKcusmuauposanuvle 2-3muneeKcaHonbl
9 1,5 0,9141 1,4325 568 197
10 2,0 0,9240 1,4490 510 220
11 2,4 0,9309 1,4580 471 238
12 3,0 0,9382 1,4696 422 265
Okcunponuauposantvle 2-3muneeKcanonsl
13 1,3 0,8757 1,4329 538 208
14 1,9 0,8787 1,4342 461 243
15 2,3 0,8841 1,4358 423 265
16 2,7 0,8911 1,4379 386 290
OkcusmuaupoganHulii peHon
7| 1,0 | 1,1007 | 1,5314 | 789 | 142
OKkcunponuaupogarHtblil heHon
18 | 2,1 | 1,0773 | 1,5338 | 514 | 218
Okcunponuaupogantule eHUAKapOUHoNbL
19 1,1 1,0114 1,5216 640 175
20 1,7 1,0136 1,5259 533 210
21 2,4 1,0162 1,5298 448 250
22 2,7 1,0176 1,5318 416 269

Xxopoluas pacTBopstoiias cnocooHocts [IBX 1 Hu3kas
CKJIOHHOCTh K MUTPA¥ U3 TIACTUDUIIUIPOBAHHONK
IUICHKU, Bellb, KaK M3BCCTHO, MUTpAIUs TUIacTU(UKA-
TOpa U3 MaTepHalia uTpaeT OOJIBIIIOE 3HAUYCHHE B COXpa-
HeHuM cBoiicTB [1BX-MaTepurasioB npu sKcIulyaTaluu
B T€UEHME JIUTEIbHOTO BpemeHu [1]. MccnegoBanue
TIACTU(UIIMPYIOIINX CBOMCTB ITOKA3aJI0, YTO MOIY-
yeHHble [IBX-1ieHKu He UMEeIOT BUAUMBIX IPU3HAKOB
BBIITOTEBAHMS IUTACTU(UKATOPA U 00IaTaI0T XOPOITAMM
3]IACTUYHBIMU CBOMCTBAMH.

BriOpanHbie 00pa31bl ObUIM UCIBITAHBI B HEKOTOPBIX
TI1BX-KoMMIo3uL1sIX CTPOUTEIbHOTO Ha3HAYEHUSI.

Hcenvimanue naacmugpuxamopos 6 peyenmype Kabenwb-
Hoeo naacmuxama mapku O-40 pey. OM-40 (4)

IMonyyeHnHble 00pa3iibl KaOEJbHBIX MJIACTUKATOB
Mapku O-40 perr. OM-40 (4epHBI) aHAIN3UPOBATIA
o 'OCT 5960-72 ¢ uzm. 1-9 «[limacTrKaT 1OJMBUHIIIX-
JIOPUIHBIN JUTST U30JISIIAY Y 3alIIUTHBIX 000JI0YEK TIPO-
BOIOB 1 Kabeeit». Pe3yabTaTel HCITBITAHUIA TTPUBEICHEI
B Tab. 4.

ITpuBeneHHBIE B Ta0JI. JaHHBIE ITOKA3BIBAIOT, YTO I10
OCHOBHBIM TTOKa3aTeJIsIM — IIPOYHOCTHU TIPU pa3phIBe,
OTHOCHUTEJILHOM YIUIMHEHUH TIPU pa3pbIBe, TeMIIepaTy-
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Tabauya 3
DU3HKO-XUMHYECKHE CBOICTBA )TAIATOB OKCHAJKWIMPOBAHHBIX CIIPTOB

Ne coenunenns n n?, a», I;Sﬁ;’: EI)(Oq}’I/M: M. m. Haiineno
1 2 3 4 5 6 7
Bymuabymokcusmuagpmanamot
23 1,5 1,4889 1,0559 0,10 321 349
24 2,0 1,4883 1,0581 0,10 302 371
25 2,2 1,4879 1,0601 0,10 295 380
26 2,4 1,4874 1,0615 0,10 288 389
Bymunbymokcunponuagpmanamet
27 1,5 1,4814 1,0237 0,05 303 370
28 2,0 1,4796 1,0298 0,08 281 399
29 2,2 1,4781 1,0307 0,08 272 412
30 2,4 1,4775 1,0324 0,10 265 422
Oxmunokmoxkcusmuagpmanamet
31 1,5 1,4812 0,9875 0,10 242 463
32 2,0 1,4790 0,9930 0,10 231 485
33 2,4 1,4768 0,9986 0,10 222 505
34 3,0 1,4748 1,0097 0,10 213 526
Oxmunokmokcunponmuagpmanamoi
35 1,3 1,4775 0,9681 0,20 237 473
36 1,9 1,4745 0,9738 0,20 220 509
37 2,3 1,4733 0,9776 0,20 210 533
38 2,7 1,4719 0,9813 0,20 201 557
bBensunbenzoxcunponuspmanamel
39 1,1 1,5189 1,1075 0,20 271 413
40 1,7 1,5178 1,1098 0,15 250 448
41 2,4 1,5168 1,1122 0,20 229 489
42 2,7 1,5163 1,1136 1,15 222 505
Oxmuaghenoxcusmuagpmanamot
43 | 1,0 | 1483 | 1024 | 010 | 313 | 358
Oxmuaghenoxcunponusghpmanamot
44 X | 14756 | 10008 | o010 | 232 | 481
Jubymoxcusmungpmanamoi
45 1,5 1,0648 1,4855 0,20 271 413
46 2,0 1,0757 1,4816 0,10 243 461
47 2,2 1,0837 1,4755 0,10 236 475
48 2,4 1,0863 1,4742 0,20 226 496
Jlubymoxcunponuasgpmanamot
49 1,5 1,0286 1,4779 0,30 246 456
50 2,0 1,0296 1,4751 0,40 217 515
51 2,2 1,0299 1,4745 0,30 207 541
52 2,4 1,0304 1,4739 0,30 200 561
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Okonuanue maoa. 3

1 2 3 | 4 | 5 6 7
Juoxmoxcusmuagpmanameol
53 1,5 0,9887 1,4797 0,30 211 531
54 2,0 0,9982 1,4783 0,30 195 574
55 2,4 1,0047 1,4772 0,38 183 612
56 3,0 1,0132 1,4754 0,30 168 667
Jluokmokcunponuagpmanamol
57 1,3 0,9642 1,4619 0,30 203 552
58 1,9 0,9978 1,4607 0,40 180 622
59 2,3 1,0253 1,4599 0,30 166 675
60 2,7 1,0429 1,4594 0,50 155 722
bymokcusmunaghenokcusmungpmanamet
61 1,5 1,5190 1,1054 0,20 271 415
62 2,0 1,5183 1,1081 0,20 257 436
63 2,2 1,5180 1,1110 0,20 252 444
64 2,4 1,5176 1,1119 0,20 247 454
bymoxcunponuagenokcunponusgpmanamot
65 1,5 1,5184 1,1034 0,20 201 558
66 2,0 1,5178 1,1062 0,20 211 514
67 2,2 1,5175 1,1078 0,20 214 524
68 2,4 1,5172 1,1091 0,20 218 531
bymokcusmungpenoxcunponusgpmanamot
69 1,5 1,5184 1,1034 0,20 201 558
70 2,0 1,5178 1,1062 0,20 211 514
71 2,2 1,5175 1,1078 0,20 214 524
72 2,4 1,5172 1,1091 0,20 218 531
bymokcunponuaghernokcusmungpmanamoi
73 1,5 1,5187 1,1014 0,20 257 435
74 2,0 1,5183 1,1042 0,20 241 464
75 2,2 1,5178 1,1060 0,20 235 476
76 2,4 1,5174 1,1074 0,20 230 486

pe XPYIIKOCTH — TOJIyIeHHBIC KaOeTbHBIC TIACTUKATHI
HE YCTYIAOT IPOMBIIILICHHBIM 00pa3iaM, a TaKue I10-
Kkaszaresu kKak «IlTorepu B macce ipu 160°C» 1 «Bomo-
TIOTJIOLIEHNE» 3HAYNTEIHFHO HIDKE TIPU UCIIOIb30BAaHUM
oyTuiaOyToKCcHIponuiadTanaTa, TMOyTOKCUITHI(DTAIA-
Ta M TMOYTOKCHUIIpOTMIhTamara.

Hcnoimanue naacmuguxamopos 6 peuenmype 1eHmbl
1IBX aunkoii

TTonyyeHnnble oOpa3siibl ieHThl [1BX nunkoit aHanm-
3upoBay cormacHo TY 2245-001-00203312-2003 (JIenra

TTOJTMBUHWIXJIOPUIHAS JTATIKAsT). Pe3yabTaThl MCIThITa-
HUI IpUBEAEHBI B Ta0JI. 5.

CornacHO TaOJIMYHBIM JaHHBIM, JieHTa [1BX nunkas
COOTBETCTBYIOT TEXHUUECKUM TpeOoBaHUSIM. OTMeUe-
HO, 9TO TIPU MCITOJIb30BaHNH TOJTyYCHHBIX HAMU CJIOXK-
HO3(MUPHBIX COCIMHEHUN YIIYIIIAIOTCS TTOKa3aTeu,
a uMeHHO: «[TpoyHOCTh TTpH pa3pbiBe», «OTHOCUTETEHOE
yIUTMHEeHUe», « TemIrepaTypa XpyImKocTi» 1 «TepmocTa-
OMIBbHOCTD». [IpaKTUYIECKN BO BCEX CIyJasX yKa3aHHBIC
00pas3IIbl 00eCTICYNBAIOT TEXHOJIOTUICCKIE M IKCITTya-
TalIMOHHBIC TIOKA3aTeIN BEIIIIE YPOBHS CEpUITHOTO TIIa-
ctudukaropa JJOD.
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Tabauya 4

Nanobuli

Pe3ynsraThl ncnpiTanuii miacTuukaTopos B penentype KadenbHoro miacrukara mapku 0-40 pen. OM-40 (1)

ITnacrudukarop
Ne coenuHeHus
Hopma
iﬂ“ﬁ:‘;ﬁge moTOCT5960-72| XM= [ 47 T 50 24 29
TPOJIbHbII
cmm. 1-9 obpase Ne oOpasua
1 copr) pasett
( 1 1 I v
YACIBHOE OGHEMHOE KT, He menee 1100 | 9,0-102 | 6,3-102 | 4,5-102 | 75102 | 6,0+ 10®
conpotusienue npu 20°C, Om * cm
IIpouHocTk npu paspeie, Krc/cm? | He menee 110 147 140 142 144 140
OTHOCHTENBHOE VTMHEHHE He menee 280 385 328 345 336 276
Ipu paspuise, %
Temneparypa xpynkoctu, °C He Brire —40 BBIIEPXXWBAIOT
Torepu s macce npu 160°C, He Gonee 3,0 2,2 2,0 1,7 1.8 1,6
B TeueHne 6 4., %
TBepaoCThb, Krc/cm?, He menee
ripu 20°C 9-20 12,5 11,3 11,8 12,1 11,9
mipu 70°C 6—12 7,3 7,2 7,1 7,3 7,4
Bonomnornomenwne, % He 6omee 0,45 0,080 0,040 0,052 0,350 0,053
Temmeparypa pasmsirueHust, °C 170£10 171 171 172 169 171
ITnoTtHOCTD, I/cM? He Gonee 1,4 1,38 1,39 1,38 1,39 1,38
Texnonoeuueckue ceoiicmea
]\T;I]){MOCTa6HHLHOCTb npu 180°C, T'OCT 14041-91 |2 4. 15 MuH. |2 4. 16 MuH. |2 4. 24 MuH. |2 4. 35 MuH. | 2 4. 12 MUH.
IITP, /10 mus npu 190°C, TOCT 11645-73 | 103,3 106,3 102,0 98,7 102,4
P =10 krc/cm
Tabauya 5
PesyabraTel ucnpitanmii JeHTsl IIBX gunkoit
IInacTudukarop
Hopmsi TY Kon- Ne coemuHeHus
Hanwvenosanue 2245-001. |™O™-| 53 | 57 | 31 | 35 | 62 [ 61 | 67 | 39 | 44
floKasaTelt 00203312- | ‘A Ne obpasua
2003 e
3en \% VI VII | VIII | IX X XI XII | XIII
Tpourocts mpu HewmeneeS0 | 73 | 65 | 71 | 69 | 73 | 65 | 71 | 69 | 70 | 72
pasphiBe, KIc/cM
Ornocurenniioe He menee 280 | 277 | 258 | 262 | 281 | 276 | 258 | 262 | 281 | 276 | 275
yumHenue, %
Temneparypa He Bbimre —30 BBIIEPKUBAIOT
xpynkoctH, °C
Texnonocuueckue ceoiicmea
TepMOCTaOMIBHOCTD rocrt 29.07 [29.05(249.15(249.59|249.06|249. 11|24.08|24.27(24.29(24.06
npu 170°C, MuH. 14041-91 MHUH. | MUH. | MUH. | MAH. | MAH. | MUH. | MUH. | MAH. | MAH. | MUH.
ITP, mpu T = 180°C, IoCT
H = 16.6 kre, /10wy, 11645-73 10,5 | 14,8 | 12,5 | 142 | 12,8 | 14,8 | 12,5 | 14,2 | 13,8 | 14,1
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HUcnvimanue nﬂacmud)uicamopos 68 MHO20CAOUHOM AU~

Hoaeyme

711 I3roTOBICHUSTI MHOTOCIIOMHOTO 6€30CHOBHO-
TO JIUHOJIEYMa TIpeIBapUTEIbHO OBLIN MOJTYICHBI TT0-
JIMBUHWIXJIOPUIHBIC TUICHKHU: BEPXHUM MIPO3pavHbIii,

Tabauya 6

CpeIHMIN U HUXHUI CI0M, KOTOPbIE aHAJIU3UPOBAJIN
cornacHo CTII 00203312-100-2006. Pe3ynbrathl KC-
MBITAHUI IPUBEACHBI B TA0JI. 6.

W3 nanHbIX Tab. 6 BUAHO, YTO 3aMeHAa TMOKTUI-
¢ranaTta Ha pragaTbl OKCUATKUIMPOBAHHBIX CIIUPTOB
no3BoJjseT noayuutb [1BX-1JIeHKH ¢ BBICOKOH Tep-

PesyasTaTsl ucnbiTanmii wiactudgukatopos B IIBX-penentypax BepxHero, cpeanero, HIXKHero CJ0eB JIHHOJIeyMa

HaumeHoBanue
moKa3areys

Inacrudukarop

Hopmbt
CTII 00203312-100-
2006

Ne coennnenns

47 | 50 | 24 | 29 | 53 | 57 | 31 | 35
Ne obpa3sua

I o Jm | vi| Vv | wvi]|vi]|vi

Tlpombiuinennas peyenmypa gepxmneeo caos AUHOAEYMA
(Ilnacmukxam I1BX naacmuguuyuposantblii Rpo3pauHblil ¢ MUCHEHOU NOBEPXHOCIbIO U Oe3 MUCHEeHUsT)

TIpodHOCTD IpY pacTSKEHUH, KI'C/CM? He menee
BIOJIb 175 270 | 284 | 282 | 287 | 279 | 294 | 285 | 290
Iorepex 175 277 | 258 | 259 | 232 | 241 221 254 | 227
OTHOCUTENILHOE YUTMHEHKE TIPU pa3pbiBe, % He menee
BIOJIb 100 221 249 | 256 | 275 | 297 318 249 | 263
rnornepex 100 293 | 258 | 281 269 | 253 | 301 266 | 253
M3MeHeHMe IMHEHBIX pa3MepoB, % He 6onee 3,0 1,4 1,2 1,5 1,4 2,0 1,3 1,7 1,8
Texnonoeuueckue nokazamenu
1. 1u. 1u. 1u. 1u. 1u. 1u. 1.
TepMocTabuibHOCTb mpu 180°C, MuH K(I’TE ; fﬁg@ 38 | 51 | 41 | 43 | 35 | 48 | 37 | 40
MWH. | MUH. | MAH. | MUH. | MUH. | MUH. | MAH. | MUH.
ITP, r/10 muu T = 170°C, P = 16,6 krc 7,1 8,5 9,3 8,4 8,6 7,5 8,3 8,9 9,1
[Ipomviunennas peyenmypa cpeone2o caos AUHOACYMA
(IThacmukam T1BX naacmuguyuposantbiii HAaNOAHEHHbLI HAMYPANbHORO U8eMa)
TTpOYHOCTH MPU PACTSIKEHUU, KI'C/CM? He menee
BIOJIb 100 149 152 168 162 138 143 163 142
rnornepexk 100 125 136 130 114 105 120 140 124
OTHOCUTENBHOE YIUIMHEHKE ITPU pa3pbise, % He menee
BIOJIb 100 189 198 | 252 | 243 190 | 200 | 223 | 209
Tornepex 100 242 | 232 180 192 178 | 204 | 217 240
M3MeHeHMe IMHETHBIX pa3MepoB, % He 60:nee 3,0 1,6 1,3 1,0 1,2 1,5 1,0 1,3 1,4

Texnonoeuueckue nokazamenu

TepmocrabunbHocTh pu 180°C, MuH Kowtp. ¢ 10® 3l 32 37 34 30 35 3 33
37 MuH. MWH. | MWH. | MWH. | MWH. | MUH. | MAH. | MAH. | MUH.

IITP, r/10 mun T = 170°C, P = 16,6 Krc 8,1 9,5 9,7 | 10,5 9,9 8,4 8,9 | 10,4 | 9,2

Ilpomviunennas peyenmypa nHusxcreeo caos aunoareyma (Ilracmuxam I1BX naacmupuuuposarnmolii HanoaHeHHbLL)

IIpoYHOCTD MpU PacTSIKEHUH, KI'C/CM? He menee

BIOJb 75 116 127 133 136 117 133 129 131

rornepex 75 80 91 116 118 85 103 99 100

OTHOCUTENTbHOE YIUTMHEHKE TIPU pa3phiBe, % He menee

BIOJIb 100 211 233 | 209 | 223 | 208 | 231 | 245 | 256

nornepexk 100 151 208 152 163 157 | 219 | 252 | 245

M3MeHeHMe TMHEITHBIX pa3MepoB, % He 6onee 3,0 0,9 0,5 0,5 0,4 0,9 0,4 0,6 0,7

Texnonoeuueckue nokazamenu

Kontp. ¢ 0D 20 28 24 25 18 27 21 22
TepmocrabunbHOoCcTh Tipu 180°C, MUH
28 MMH. MUH. | MMH. | MMH. | MUH. | MUH. | MAH. | MUH. | MUH.
TITP, r/10 muu T = 170°C, P = 16,6 krc 4,3 5,1 54 | 44 | 46 | 40 | 4,5 4,8 5,1
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Tabauya 7
Pe3yabTaThl HCHIBITAHUI MHOTOCJIOHOTO JIMHOJIEYMA
HaunmeHnoBaHue mokasarenei
ILnacrugukarops,
HCTIOMb3yeMble I/IsMelv{eHne VienbHOE MOBEPX- AOcomoTHAS
T — JINHEHHBIX HOCTHOE 3JIEKTPH- 0CTATOYHAS HcTupaemocTs,
[1OJTMMEPHBIX ILIEHOK pa3smepoB, % He | YeckKoe compoTupie- | aedopManus, MM, MKM, He 0oJiee
0oJiee nue, OMm, He OoJiee He Oosee
Hopwmebi mo T'OCT 7251-77 0,80 5,0+10° 0,45 90
KoHTponbHBIIT 00pa3sern 0,71 17,4+ 1012 0,42 86
| 0,57 3,4+107 0,35 74
11 0,47 4,2+102 0,26 44
111 0,52 3,9+10" 0,34 45
v 0,42 4,1+10" 0,32 51
A" 0,65 3,2+107 0,39 82
VI 0,55 4,1+10" 0,30 52
VII 0,45 3,610 0,29 47
VIII 0,50 3,8+10" 0,27 54

MOCTaOMIBHOCTBIO U YIYUIICHHON TEKyJeCThIO pac-
mwraBa. CoryracHO pe3yiabTaTaM HUCITBITAHUI, BO BCEX
CITy4JastX MCIIOJIb30BaHMSI OTIBITHBIX 00Pa3II0B OCHOBHEIC
TEXHOJOTHMYECKIE TTOKA3aTeId OBIIA 3aMETHO JIyYIIIe,
YTO CBUACTEIBCTBYET 00 O0JIETICHUH MePepadbOTKI CO-
orBetcTBYyIoIMX [1BX-koMmo3unuii. «Bpems repmo-
crabmipHOCTH» U «[loKa3aTeab TeKydecTH paciiaBa»
CHIKAIOTCS IIPU Tepexone OT OKCHUITPOITMINPOBAH-
HBIX OKCUATIVIMPOBAHHBIX K COCIMHEHMUSIM. DTO, I10-
BUOUMOMY, OOBSICHSICTCS HATMIMEM OOKOBOI METUIIb-
HO TPYIIIEI B CHUPTOBOM YaCTH OKCUTIPOTIINPOBAH-
HBIX COCTMHCHMIA.

Ha caemyrorieM sTare mojydeHUsT MHOTOCIIOTHOTO
TMOJMBUHUIXJIOPUIHOTO JIMHOJIEYMa TICHKY OBLIN CO-
eIMHEHBI Ha YCTAHOBKE AyOJIMPOBAHMS, COCTOSIIEH 13
oborpeBaeMbIX OapabaHOB, 00PE3MHEHHBIX ITPUKUMHBIX
BAJIMKOB U TpaHCHOpTepa oxJiaauTens. Pe3ynbTaTsl uc-
MBITAHW IPUBEACHBI B Ta0. 7.

Kak BuaHo m3 T1abn. 7, maactudukauus [TBX-
IUICHOK (bTajlaTaMU OKCUAJIKMINPOBAHHBIX CIIUPTOB
OKa3BIBACT ITOJIOKUTEIBHOE BIMSHIE Ha SKCILTyaTaly-
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