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B pa60Te npeacraBneHo ycoseplleHCTBOBaHME TeXHOI0rMnM npou3BoaCTBa
HOBOJ1a4HbIX d)eHO-ﬂO(i)OpMaﬂbﬂeerﬂHle oimMroMepoB nyteM BBeaeHUA HOBOW
CXeMbl ynaBnMBaHUA OTXOOALUMX ra3oB 3a CYET 0TX040B NPOn3BOACTBA, YTO MpU-
BOANUT K COKpalLleH0 pacxoaoB U yBennveHuto 3KOHOMMWYECKOW 3C|3CbEKTMBHOCI'VI.
BbinonHeH pac4yeT MatepunaibHOro 6anaHca npoun3BoacTBa HOBO1IA4HOIo CbEHOJ'IO-
thopManbaernaHoro onmromepa Ha 300 Kr/y TeXHUYeckoro npopykTa, npousse-
[ieH TEXHOMOMMYECKUA PaCYEeT OCHOBHOMO U BLIOOP BCrOMOraTesibHoro 060pyao-
BaHus. CoctaBneHa annaparypHaa cxema npon3BoAcCTBa, a TakXxe npeacraB/ieHO

OMMcaHWe TeXHOOMMYeCcKoro npoLecca. BeinonHeH vepTex 0CHOBHOrO peakTopa.
Kniouesble cnosa: eHon; hopmanu; Liasenesas KMCI0Ta; HOBOMAK; ONMroMep; peakuua

NONM-KOHAEHCaLWW; MaTepuanbHble pacyeThbl; TEXHONOr1sS NPoM3BOACTBA; annapaTypHas cxema.
Moctynuno: 24.09.2016; npunsto: 14.10.2016; ony6nunkosaHo: 30.12.2016.
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Introduction

Phenol-formaldehyde oligom- are prepared from phenols and aldehydes,

ers is the first plastic mass obtained by  primarily formaldehyde. Cresols, xyle-
the reaction of polycondensation. They nols, polyatomic phenols, alkylphenols,
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polynuclear compounds, such as bisphe-
nol etc., are used as phenolic raw material
along with the use of phenol. Depend-
ing on the ratio of reactants and catalysis
method either novolacs (excess of phenols
with catalysis by acids) or resoles (excess
of formaldehyde with catalysis by bases)
are made.

In the period of rapid development of
the plastics it's hard to give a prediction
about the future of phenol-formaldehyde
oligomers — the oldest of polymeric ma-
terials; it is safe to say that at the present
time they not only lost their value, but
there is reason to expect long-term, al-
though the slight absolute increase in the
production of phenolic plastics despite
the decrease in their relative part in the
total output of plastics.

Phenol-formaldehyde oligomers were
the first synthetic industrial thermoset-
ting plastics. The deficit of natural raw
materials and the need to replace natural
materials with synthetic served as the im-
petus for their production.

Noteworthy is the fact that the so-
called classical phenol-formaldehyde
thermosetting plastics and thermoplastics
despite the decline in their relative part in
the world production of plastics not only
lost their positions, but on the contrary
have assumed much greater importance.
In this regard and with the much tougher
ecological standards, the search for the
most economical and ecological technol-
ogy for the production of phenol-formal-
dehyde oligomers, in particular novolacs,
requires what this work is devoted.

Brief characteristics and main fields
of applications of phenol-formaldehyde
novolac oligomers

The color of the non-cured oligomers
is from light-yellow to dark brown; the av-
erage molecular weight is 400-1000 g/mol,

the melt density is 1.14-1.22 g/cm’, vis-
cosity is 00-200 Pa-s. The density of the
solid resins is 1.22 to 1.27 g/cm’, Ubbelode
dropping point is 70-130 °C. The unhard-
ened oligomers are soluble in phenols and
alkaline solutions, in organic solvents [1].

The unhardened oligomers exposed to
partial swelling under prolonged contact
with water, they are practically insoluble
in organic solvents, although the con-
tained in them oligomers can be partially
recovered by extraction. Resites slowly
dissolve with decomposition under the
influence of aqueous alkali or phenol
melts. They are resistant to most acids,
except concentrated sulphuric and acid-
oxidants.

At full or partial replacement of phenol
to cresol or xylenol oligomers when cured
have improved dielectric properties.

The properties of filled oligomers are
caused to a large extent by the filler.

The unhardened oligomers are stable
for a long time when heated up to 200 °C
and partially are able to resist the action of
higher temperatures (days at 200-250 °C,
hours at 250-500 °C, minutes at 500-
1000 °C, a few seconds at 1000-1500 °C).
The decomposition of the unhardened
resins begins at temperatures around 300
°C and is accompanied by the release of
pyrolysis products (homologs of phenol
and benzene, carbon dioxide, etc.).

The oxidizers and acids accelerate this
process. At higher temperature the char-
ring occurs with the formation of coke.
The presence of substituents in the phe-
nolic nuclei reduces the thermal stability
of resins: oligomers obtained from phe-
nols quickly begin to decompose already
at 230 °C.

Main fields of application of the
PFO [2]:

Foams plastics and foam blocks
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They are obtained by the gas filling of
resoles with fillers by hydrocarbons (tech-
nology is similar to the production of
polystyrene), are used as heat- and sound-
insulation material having high thermo-
stability and fire resistance compared to
geofoam.

Glues and adhesive materials

The glues based on phenol-formal-
dehyde resins intended to associate the
wood fibers (matrix fiberboard, particle-
board, plywood) are widespread. The
viscous PFO use for cold welding of light
metals and plastic products (for example,
seaming of linoleum pieces), the compo-
sitions on their basis with modifications
are able to work in extreme conditions;
their solutions in ethanol or other volatile
solvents are used as medical adhesives for
wound healing.

Press mass

The pressed powders are used for cast-
ing of finished goods (which are used less
in recent years) and for the preparation of
composite materials with different fillers;
widely used in composition of building
mixtures to create coatings or adhesive
layers.

Lacquer resins

Used as replacement of natural shellac,
as dielectric coatings and protection of
metals from corrosion. “Liquid novolac”,
a solution of novolak in ethylene glycol,
which is used as anti-corrosion coating in
shipbuilding, is produced increasingly at
the present time.

Laminates

Composites based on phenol-form-
aldehyde oligomers are used as a light
strong material to facilitate construction
as well as materials resistant to adverse
conditions and have good dielectric prop-
erties. Also they are used for forming
tubes and rods of various types.
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ITon exchange resins

Practically all range of cationic, an-
ionic, amphoteric and other resins, con-
taining aromatic monomer of substituted
benzene, are widely used in wastewater
treatment, water treatment and catalysis
in the chemical industry.

Brief characteristic of raw materials
used in the production of phenol-form-
aldehyde novolac oligomers

Phenol

OH

Colorless  crystalline  substance
with the specific smell of gouache, MP
is 40.9 °C, the boiling temperature is
181.8 °C, the density is about 1030 kg/m*
Under air oxidation phenol becomes pink.
The impurities significantly reduce the
melting point of the phenol. The solubil-
ity in water is of about 8 %; under heating
to 84 °C it mixes with water in any ratio.
The aqueous solutions of alkalis easily
dissolve the phenol with the formation of
phenolates. Phenol is soluble in formalin,
ethanol, diethyl ether, glycerol, benzene,
turpentine, fatty acids and their esters [2].

The chemical activity of phenol in
the synthesis of phenol aldehyde resins
is explained by the presence of three ac-
tive protons in its molecule or two in the
ortho- and one in para-position to the hy-
droxyl group.

Cresols (Methylphenols)

OH OH OH
™" L
CHj3
Hs

Phenols attach formaldehyde only to
the ortho- and para-position to the hy-
droxyl group, therefore, m-cresol with



three active protons giving thermoreacto-
plastics are more functionalized; o - and
p-cresols, which are only bifunctional,
give thermoplastics.

Because of the difficulty of separation
of cresols, the mixture of three isomers
called tricresol is often uses: the density
of liquid is 1044 kg/m’ boiling point is
185-205 °C depending on the content
of isomers and impurities. Tricresol is
soluble in ethanol, diethyl ether and al-
kaline solutions, about 2.5 % of tricresol
dissolves in the water. The fraction of coal
tar, boiling in the range of 160-250 °C,
which is cleaned from a large part of the
naphthalene, can be used for tricresol

manufacturing.
Xylenols (dimethylphenols)
OH
H3

Xylenol has six isomers. The technical
xylenol is the mixture of isomers, it’s the
viscous oil of a brownish-black color with
a strong unpleasant odor, the boiling point
is 200-220 °C, the density is 1040 kg/m’,
it’s soluble in 10 % aqueous alkali solu-
tion. The main source of xylenols is the
cresol fractions of resins obtained from
the thermal processing of fuels. In view of
its bifunctionality, it’s not able to form the
mesh structure and without the introduc-
tion of additional raw materials is suitable
only for thermoplastic oligomers manu-
facturing.

Bisphenol A and its derivatives

OH

HO

The condensation products of phenols
and acetone under catalysis by mineral
acids, which have several active centers
(up to 4), and as a consequence, are able
to link oligomeric chains by adding to the
basic raw material to improve their heat
resistance and rigidity.

Furfuryl alcohol

[

Derivative of furfural, which increases
the thermosetting properties and the vis-
cosity of the polymer; has a highly active
center in the 5-position of the furan cycle.

Chlorophenols

Mono-, di- and trisubstituted prod-
ucts of chlorination of phenol. They are
less active than phenols and cresols, but
more acidity, and at the same time they
give the higher combusting resistance to
the product due to the presence of chlo-
rine atoms.

The highest phenols

This group includes hydroxynaphtha-
lenes, phenolic derivatives of anthracene,
phenanthrene, etc. By the addition to oli-
gomers they give them high thermal stabil-
ity (up to 400 °C), growing with increasing
number of condensed cycles in phenol.

Formalin

The aqueous 37 % solution of formal-
dehyde at room temperature or up to 50 %
at increased temperature. During reaction
with the phenols it enters into electro-
philic aromatic substitution, “stitching”
between the aromatic nuclei and thereby
forming oligomers. The solid derivatives
of formaldehyde - paraform and urotro-
pin (methenamine) - are sometimes used
as a replacement for the unstable solution
in the production.
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Lignin

Natural oligomer, which is part of the
wood. It has phenolic centers, linked by
saturated hydrocarbon chains (3-4 atoms).
The oligomer obtained using lignin con-
tains less quantity of free phenol and is also
biodegradable, that facilitates its disposal
and does less harm to the environment.
The production of lignin-based oligomers
is currently becoming increasingly impor-
tant in developed countries in connection
with stricter of ecological regulations.

Requirements for finished products

Product name is novolac phenol-form-
aldehyde oligomer (novolac) (table 1).
OH OH

6

H

The average molecular weight is
730,86 g/mol
Molecular formula is C H,,O,

Novolac phenolformaldehyde oligom-
ers are obtained, as a rule, by the polycon-
densation of phenol and formaldehyde
(in form of formalin) in an acidic aqueous
mass; the various additives to the start-
ing materials have only the limited ap-
plication. The production is carried out
by periodic or continuous scheme [3].
In this paper the device and further im-
provements in the continuous production
schemes were in detail considered.

The characteristics of the original
sample:
1. The standard sample is approved in
accordance with the established procedure.
2. The standard sample should be re-
placed by newly prepared and approved
after 6 months.
3. Validity period, its extension and
storage of the standard sample is estab-
Table 1

Characteristics of the final product

Name of the indicator

Norm

Appearance Glossy granules from light yellow to yellow color
with a small uniform opalescent inclusions

Dropping point 110-150 °C

The percentage of free phenol 2 % max

The percentage of insoluble polymer | 0,2 % max

Solubility

Aromatic and aliphatic hydrocarbons, acetone,
ethanol, chloromethanes

Table 2

The requirements to raw materials

Name Marking NTD Sort or article | Indicator to check Note
The crystallization
temperature is Chemical
Phenol GOST 23519-93 Marks A and B |40,6 °C or more; the
. reagent,
percentage is 96 %
or higher
. |STO 55778270-872- |Intermediate | Mass percentage From the
Formalin methanol
2009 product 50 % s 1
oxidation line
Oxalic TC 6-36-0204229- 0 .
acid 1047-91 98 % Mass percentage Chemical reagent
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lished according to “The instruction for
selection, study, approvement, storage
and consumption of standard samples”

approved in accordance with the estab-
lished procedure.

Description of the technological process

The production of novolac phenol-
formaldehyde oligomers is the multistage
continuous process. The block scheme of
technological process is shown in Fig.1, the
technological scheme is shown in Fig.2.

Checking and preparing equipment for
work

All equipment is periodically visually
checked on the integrity of the coating of
apparatus, the isolation valves, the lack
of reaction mass. The tightness of the de-
vices is checked by creatign 2 ATM pres-

sure inside the reactor, the compressed air
supply should be closed. Upon exposure
of 10 minutes the pressure should not de-
crease. The operation of the mixers, the
flow of steam to the casing are checked at
idling. The devices of IA, control panel are
inspected.

TP-1. Preparation of raw materials

The raw materials and intermediates
adopted by the input control with the ap-
propriate mark of quality are passed in
the production (table 2). Periodically all

Formalin Oxalic acid
ili from stora;
from facility TP-1. Preparation of raw materials &
Phenol from TP-1.1. Preparation of| TP-1.2. The catalyst
storage St-1 the starting mixture preparation
Phenol water | Condensate
from receiver Re-2 | Tnitial miture | | Catalyst | from heating sys.

A

| TP-2. Polycondensation |

| Reaction mass |

|

I TP-3. Aqueous phase separation

!

| Sedimentation resin |

| TP-4. Drying and decarboxylation }—[

!

| Dried resin |

!

Live steam
6 atm

TP-5. Heat treatment

—

!

Marketing resin
to product storage

Fig. 1. Block scheme of technological process

Decanted water
to resol facility
and utilization

|_,

Product
losses

Product
losses

Gaseous phase
to condensation

|_,

Phenol distillate
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2nd floor Frompos. 12

Fhio

From pos. 1

05,
1st floor

S6 sC sc

RW Frompos. 13

Topos.2

Topes.3

56 — 6 atm steam

s12—12
5C — ste:
DW — dec

Phe — phenol from cistern
Pho — formalin from methano! oxidation unit
OA — oxalic acid from storage

ater

granulation
and bagging

Topos. 12

Legend

O — condenser © —fowmees

) —tolocal treatment H¥H — dosimeter

<l — faucet P —liquid material line
@ — manometer > —gas material line
(D — thermometer == _isolated heated line
] — miser drive [ —fowe anester
G — centrifugal pump
— gear pump

Fig. 2. Technological scheme of production

storages must fill out the appropriate raw
materials.

TP-1.1. Preparation of the starting mix-
ture

Apparatus design for stage:

1. Storage of phenol (St-1) is the ap-
paratus, heated by tube bundle, made of
steel 1X18HIT, with a capacity of 63 m’,
connected with PC, equipped with the re-
mote measuring glass.

2. Dosimeter of phenol (Dos-2) is the
apparatus, heated by shirt, made of steel
1X18HOIT, with capacity 40 L, connected
with PC, equipped with the remote mea-
suring glass.

3. The mixing tank (Re-3) is the ap-
paratus made of steel 1XI18H9T, with
a capacity of 1 m’, connected with PC,
equipped with the remote measuring glass.
4. The storage of phenolic water (Re-12)
is the apparatus made of steel 1X18H9T,
with a capacity of 25 m®, connected with
PC, equipped with the remote measuring
glass and coil cooling.
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5. Heater (H-4) is shell-and-tube ap-
paratus made of steel 1X18H9T, with the
cross section of the tube space 0,089 m?.

From the storage St-1 the molten phe-
nol and the phenolic water recycling from
the collector SB-12 is pumped to the do-
simeter Dos-2, where it is periodically
drained into the mixing tank Re-3, in
which 50 % formalin from the methanol
oxidation facility is flowing continuously
under the control of the flow meter. The
mass resides in the mixer for 1.5 hours,
continuously entering to the next stage
through the heat exchanger H-4 heated to
70 °C (table 3-4).

TP-1.2. The catalyst preparation

Apparatus design for stage:

1. Reactor for preparation of cata-
lyst (R-10) is a apparatus made of steel
1X18H9T, with a capacity of 0.32 m’, con-
nected with PC, equipped with a remote
measuring glass, thermometer, coil cool-
ing and propeller stirrer.



2. The dosimeter of the catalyst
(Dos-11) is the apparatus made of steel
1X18HIT, with a capacity of 1L, con-
nected with PC, equipped with a remote
measuring glass.

Simultaneously with the preparation of
the starting mixture, catalyst (an aqueous
suspension of oxalic acid) is drained into
the dosimeter Dos-11 from the reactor
R-10, which is loaded once per day by ox-

Table 3
Loaded on the stage TP-1.1
Loaded
Raw materials and intermediates content Technical mass, | Mass 100 %,
(% mass) kg/h kg/h
Technical phenol, including 298,22
1. | Phenol 96,00 286,29
Impurities 4,00 11,93
Formalin 50 %, including 166,74
2. |Formaldehyde 50,00 83,37
Water 50,00 83,37
Phenol water, including 116,40
3 Phenol 30,00 34,92
" | Formaldehyde 3,85 4,48
Water 66,15 77,00
Total: 581,36 581,36
Table 4
Obtained at the stage of TP-1.1
Obtained
Raw materials and intermediates (ﬁ/:n::lztslst) Masligt/el:hn., Masli;(})lo %,
The initial mixture, including 581,36
Phenol 55,25 321,20
1. |impurities 2,05 11,93
formaldehyde 15,11 87,85
water 27,59 160,37
Total: 581,36 581,36
Table 5
Uploaded on stages of TP-1.2
Uploaded
Raw materials and intermediates ((0;’0::2::) Masli;/elihn., Masligll(l)lo %,
Oxalic acid (technical quality),
including 309
L TOxalic acid 95,50 3,07
impurities 0,50 0,02
2. | water 7,21 7,21
Total: 10,30 10,30
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alic acid and water, which is then drained
by gravity to the next stage. The addition
of acid is regulated on the temperature and
level of the mixture in the main reactor
(table 5-6).

TP-2. Polycondensation

Apparatus design for stage:

1. The polycondensation reactor (R-5)
is the apparatus made of steel 1X18H9T,
with a capacity of 2 m? connected with
PC is supplied by a kinked pipe, level
gauge, temperature and pressure gauges,
plain jacket and anchor stirrer.

2. Backflow condenser (C-8) is shell-
and-tube apparatus made of 1X18H9T
steel, with a cross section of the tube space
0,013 m~

The original mixture and the catalyst
are mixed, going into the main reactor
R-5 from the previous stage in a predeter-

mined amount through the upper fittings,
resulting in beginning of the chemical re-
action of phenol and formaldehyde. The
reaction takes place under the cooling of
the reactor walls with water while main-
taining a temperature of 98-100 °C for all
time the mass stays in the apparatus (est.
2 hours), while it is continuously drained
through the bottom fitting. The volatile
starting materials evaporating in the reac-
tion condense at the condenser C-8 and
thus flow back to the reaction mass. Prod-
uct samples are periodically taken from
the reactor outlet. If the product becomes
excessively viscous, the feed rate of the
catalyst reduces.

The reactor is equipped with pipe dis-
placement for an emergency evacuation
of the mixture from the reactor. During
the installation starting the primary quan-

Table 6
Obtained at the stage of TP-1.2
Obtained
Raw materials and intermediates Content Mass techn., kg/h Mass 100 %,
(% mass) kg/h
Catalyst, including 10,30
] Oxalic acid 29,91 3,07
impurities 0,10 0,02
Water 69,99 7,21
Total: 10,30 10,30
Table 7

Uploaded on stages of TP-2

. . . Content Mass techn., Mass 100 %,
Raw materials and intermediates
(% mass) kg/h kg/h
The initial mixture, including 581,36
Phenol 55,25 321,20
1. |Impurities 2,05 11,93
Formaldehyde 15,11 87,85
‘Water 27,59 160,37
Catalyst, including 10,30
5 Oxalic acid 29,91 3,07
" | Impurities 0,10 0,02
Water 69,99 7,21
Total: 591,66 591,66
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tity of the initial mixture is heated by dead
steam (6 ATM) to reaction temperature
and only then the water could be let in a
jacket (table 7-8).

TP-3. Aqueous phase separation

Apparatus design for stage:

1. Florentine vessel (Dec-6) is a appara-
tus made of steel 1X18H9T, with a capacity
of 2 m’, connected with PC, equipped with
a sight glass and a plain jacket.

The obtained mixture of the product,
precursors and formed water from the re-
actor R-5 is fed to a continuous sedimen-
tation in a steam-heated (6 bar) florentine
vessel Dec-6. The mixture in the vessel is
separated into aqueous and organic phase;
the first is drained through the upper fit-
ting and is led to utilization or resol resins

production, the second is compressed with
gear pump to the drying stage through the
lower fitting (table 9-10).

TP - 4. Drying and decarboxylation

Apparatus design for stage:

1. Dryer (Dr-7) is shell-and-tube ap-
paratus made of 1X18H9T steel, with
a cross section of the tube space 0,259 m?,
equipped by vacuum manometer at the
outlet from tube space.

The resin is pumped from the sepa-
ration stage into the dryer Dr-7, made
in the form of shell-and-tube exchanger
heated by high pressure steam (12 ATM)
to create a temperature of 140-180 °C.
The resin is fed into the tubular space,
where the medium vacuum is created,
and moves in the form of a film due to the

Table 8
Obtained at the stage of TP-2
Obtained
Raw materials and intermediates (EA)OEI::::) Masligt;:}fhn., Masligl/(l)lo %,
Reaction mass, including 591,66
PFO 49,99 295,77
Phenol 9,23 54,60
1. | Impurities 2,02 11,93
Water 35,72 211,33
Oxalic acid 0,52 3,07
Formaldehyde 2,52 14,93
Total: 591,66 591,66
Table 9
Uploaded on stage of TP-3
Uploaded
Raw materials and intermediates Content Mass techn., Mass 100 %,
(% mass) kg/h kg/h
Reaction mass, including 591,66
PFO 49,99 295,77
Phenol 9,23 54,60
1. |Impurities 2,02 11,93
Water 35,72 211,33
Oxalic acid 0,52 3,07
Formaldehyde 2,52 14,93
Total: 591,66 591,66
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Obtained at the stage TP-3

Table 10

Obtained
Raw materials and intermediates (;)OII::::) Masligt/e}ihn., Masligl/(})lo %,
Sedimentation resin, including 417,10
PFO 70,84 295,48
Phenol 11,39 47,51
L Oxalic acid 0,74 3,07
Formaldehyde 1,07 4,48
Water 15,96 66,57
Decanted water, including 174,56
Water 75,27 144,76
Phenol 5,62 7,10
2 Formaldehyde 8,28 10,45
Impurities 10,61 110,93
PFO 0,23 0,30
Total: 591,66 591,66
Table 11
Uploaded on stage of TP-4
Uploaded
Raw materials and intermediates ((0;)0::2:5 Masli;l:hn., Masligl/(})lo %,
Sedimentation resin, including 417,10
PFO 70,84 295,48
! Phenol 11,39 4751
" | Oxalic acid 0,74 3,07
Formaldehyde 1,07 4,48
Water 15,96 66,57
Total: 417,10 417,10
Table 12
Obtained at the stage TP-4
Obtained
Raw materials and intermediates &02::;:) Masligt;:ﬁhn., Masligll(l)mo %,
Dried resin, including 306,59
1. |PFO 95,89 294,00
Phenol 411 12,59
2. |Loss 1,48 1,48
Gaseous phase, including 109,04
Water 61,05 67,18
3 Formaldehyde 4,11 4,48
" | Carbon dioxide gas 1,38 1,50
Carbon monoxide gas 0,88 0,96
Phenol 32,58 34,92
Total: 417,10 417,10
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evaporation of the volatile components
and gaseous products of oxalic acid de-
composing during the process. The dried

resin is then fed to the next stage and the

gaseous phase goes to condensation and
the phenolic water formation to the col-
lector Re-12 (table 11-12).

Table 13
Uploaded on stage of TP-5
Uploaded
Raw materials and intermediates ((;)OII:Z::) Masligt;:ﬁhn., Masligl/(})lo %,
Dried resin, including 306,59
1. |PFO 95,89 294,00
Phenol 411 12,59
2. | Live steam 359,89 359,89
Total: 666,47 666,47
Table 14
Obtained at the stage TP-5
ITonyyeno
Raw materials and intermediates Content Mass techn., Mass 100 %,
(% mass) kg/h kg/h
Marketable resin, including 299,99
1. |PFO 98,00 294,00
Phenol 2,00 5,99
Phenol distillate, including 366,48
2. | Phenol 1,80 6,60
Water 98,20 359,89
Total: 666,47 666,47
Table 15
Main technological parameters and production control
Controlled The method
Control point "Ih‘e name of the parameter and Normative and means of
object of control di .
imension control
Less than
Reactor R-5, . o 100 °C The sensor
CP-1 Reaction mass Temperature, °C more than outqu on the
97°C shield
Reacctg{ZR - Reaction mass Viscosity, MPa Less than 1200 Laboratory
Dryer D-7, CP-3 | Work regime Vacuum, ATM 0,3 The vacuum
gauge output
) ) Depends on Labor?tory,
Resin collector, Reaction mass Dropping the brand of according to
CpP-4 temperature, °C . the Ubbelohde
oligomer
method
ReschI())_lAlLector, Mass output Th;hc;rz)tf r(l,/t of Less than 2 Laboratory
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Because of high pressure steam heat-
ing, the polymerized resin remains on the
tubes and must be periodically removed.

TP-5. Heat treatment

Apparatus design for stage:

1. Resin collector (Re-8) is the appara-
tus made of steel 1X18H9T, with a capac-
ity of 2 m?, connected with PC, is supplied
by a kinked pipe, tank gauge, temperature
and pressure gauges, coil semi-tube jacket
and anchor stirrer.

The molten dried resin is poured into
resin collector Re-8, a capacitive appara-
tus with jacket and mixer. Resin is fed to a
predetermined filling level after which the

Conclusion

This paper presents the modification
of the technological scheme of produc-
tion of novolac phenol-formaldehyde
oligomers. Analytical review presents
brief characteristics of raw materials,
starting materials and the impact of each
type of phenol and formaldehyde raw

BeepeHue

cDeHOJ’I(bOpMa)'[b,li[eI‘I/I,ILHbIe O/INroMe-
pr OTHOCATCA K HepBbIM IVIACTUYECKUM
Maccawm, HOHY‘ICHHI)IM peaKuI/Ieﬂ I1O0/IN-
KOHJEeHCal . Nx nonyanoT n3 (1)6H0}'[0B
n anbpernngos, HpeI/IMYIIleCTBeHHO q)Op-
Majabgermga. B kauectBe (I)eHOJIbHOFO
CprbH Hapﬂny C q)eHOHOM I/ICHO)’[b3YIOT
erSOTII:-I, KCUJIE€HO/Ibl, MHOI'OAaTOMHDbIE
heHOMBI, amKNIPEHOBI, MHOTOSIIEPHbIE
coenVHeHs1, HanpuMep 6ucdeHon n ap.
B 3aBucuMmocTt OT COOTHOLIEHN S peareH—
TOB "N cnoco6a KaTajinsa pasm/lanoT HO-
BOJ/TaKN (I/ISGI)ITOK (beHOTIOB C KaTa/Inm3aomMm
Kucmotamm) u pesonbl (M30bITOK op-
Manbaermaa ¢ Karaam3om LuenoanM).
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incoming stream is transferred to another
resin collector, and the live steam (6 bar)
is flown to the apparatus through the
kinked pipe. Under heating by both live
and dead steam (12 bar) the temperature
is maintained in the range of 130-190 °C,
resulting in the excess phenol steam-dis-
tilling and going to condensation and dis-
posal. Samples are collected periodically
from the apparatus to verify compliance
with standardized parameters. After the
process is finished the marketable resin is
supplied to the granulation and bagging
(table 13-14).

materials on technological and physico-
mechanical properties of the product.
In the technological part the characteris-
tic of finished products, raw materials and
materials are given, a detailed description
of technology and technological scheme
of production is shown (table 15).

In Russian

B anoxy OypHOro pasBuTHs IUIaCT-
Macc TPYAHO JaTh MPOTHO3 OTHOCUTEND-
HO Oygmyiiero ¢eHondopManbIerngHbIX
ONIMTOMEPOB — Haubosee CTapbIX IOJN-
MepHbIX MaTepuanoB. OIHAKO C YBEpeH-
HOCTbIO MO>KHO CKa3aTh, YTO M B HACTO-
sAlljee BpeMs OHM He TO/NbKO He YTPaTuIn
CBOEro 3HaveHMs, HO U €CTh OCHOBAHUS
paccuuThIBaTh Ha JJOATOCPOYHBIN, XOTS
M HEe3HAYMTENbHBIN abCOMOTHBINL POCT
IPOM3BOACTBA (EHOMTACTOB, HECMOTPS
Ha CHIDKEHNE UX OTHOCUTETbHON JONMU B
o6111eM 06'beMe BBIITYCKaA I/IaCTMACC.

®enondopmanbaerngHble  OUTOMe-
pbl ObUIM TIEPBBIMU IIPOMBIIIIEHHBIMU
CUHTETUYECKUMM peakToryractamu. Torm-



YKOM K MX ITPOU3BOACTBY MOCTY>KIT KaK
fedULUNT NPUPOIZHOTO CBIPbS, TaK U He-
00XOfIIMOCTDb 3aMeHBI IIPUPOJHBIX MaTe-
pHUanoB CMHTETUYECKMMIL.

ITpumevartenen TOT ¢akT, YTO Tak
HasblBaeMble Kjaccudeckye ¢enondop-
Ma/IbJeTUIHble PpeaKTOIIACThl U Tep-
MOIITTACThI, HECMOTPS Ha CHIDKEHME UX
VHENbHOI JOMM B MMPOBOM IIPOU3BOJ-
CTBe IJIACTMACC, He TONbKO He YCTYININ
CBOMX IIO3MILMIL, @, HA060pOT, Impuobpe-
7 Topasfio Oonbliee 3HaYeHue. B cBA3M
C 3TMM, a TAKXXe CO 3HAYUTENBHO Y>KeCTo-
YYBIIMMICS SKOMTOTMYECKMMU HOPMaMHI,
TpefyeTcs MOMCK Hamboee SKOHOMMY-
HOIJI 11 9KOJIOTMYHOI TeXHOMOTUM IPON3-
BOACTBa (eHonpOopManbAernfHbIX OJIN-
rOMEpOB, B YaCTHOCTY HOBOJIAKOB, YEMY
U [IOCBsIlIleHa JaHHas paboTa.

Kpamxkas xapaxmepucmuxa u ocHos-
Hole o6nmacmu npumeHneHus erongop-
Manb0e2UuOHBIX HOB0TAUHBIX ONU2OMEPOE

IIBeT HeOTBEPKIEHHBIX OTUTOMEPOB —
OT CBET/IO->KENTOTO /10 TEMHO-KOPUYHe-
BOTO; CpefHAsA MOJEKyIsIpHas Mmacca —
400-1000T/MOMb, ITOTHOCTD PACIIZIABOB —
1,14-1,22 r/em?, Bsi3kocTs — 100-200 ITa-c.
IInotHoCTh  TBeEpApIX cMon —1,22-
1,27 r/cM?, TeMIlepaTypa KalUlellafeHM
o Y66enone - 70-130 °C. HeotBepskeH-
HbIe OJINTOMEPbI PACTBOPUMBI B (peHO/Max
U pacTBOpax Mienouell, B OpraHNYecKUx
pactBopuresnsx [1].

IIpu pnuTenbHOM KOHTAKTe C BOMOI
OTBepXIeHHbIe OJIUTOMepHI IOJ[BEepiKe-
HBl YaCTUYHOMY HaOyXaHMUIO, B OpTaHu-
YeCKMX PACTBOPUTENAX IPAKTUYECKU
He pacTBOPUMBI, XOTs COofiepKalinecs B
HUX OJIMTOMEPBI MOTYT OBITH YaCTUYHO
u3B/Ie4eHbl aKcTpakuueit. [Tpu Bosmeit-
CTBUU BOJHBIX PACTBOPOB IlleTouel Man
(beHONbHBIX pacIIABOB  PE3UTHI Mej-
JIEHHO PacTBOPAIOTCA C PasloXXeHMeM.

OHU CTOVMKM K [eiCTBUI0 OOBIINHCTBA
KICTIOT, 32 MCK/TIOUeHeM KOHI[eHTPUPO-
BAHHOJ CEPHOI ¥ KMUCTIOT-OKMCUTEIIEN.

[Ipu monmHOM MM YaCTUYHOM 3aMeHe
(deHONMa Ha Kpe3on WM KCUIEHOJ OJIN-
rOMepbl MOC/Ie OTBEPXKJAEHMs OTNNYAI0T-
CA YIy4IIeHHBIMM [IU3NEKTPUIeCKUMU
CBOJICTBAMM.

CBoJiCTBa HAITOJTHEHHBIX OIUTOMEPOB
B 3HAYMUTE/NIBHON Mepe 0OyCTIOBIEHbI ca-
MUM HaIIOTTHUTETIEM.

OTBepsKIeHHbIe OTUTOMEPHI JIUTENb-
HOe BpeMsi CTaOWJIBHBL IIpY HarpeBaHNUU
mo 200 °C u OrpaHMYEHHO CIIOCOOHBI
OPOTUBOCTOSTh [ENCTBUIO OOJee BBICO-
Kux Temnepatyp (cytku mpu 200-250 °C,
gacel mpu 250-500 °C, MMHYTHI mIpu
500-1000 °C, HECKONbKO CeKyHJ IIpu
1000-1500 °C). Pasno>keHne OTBEpXK/eH-
HBIX OJIMTOMEPOB HAuMHAETCS TPy TeMIIe-
parype okono 300 °C 1 conpoBoxaaeTcs
BbIIe/IeHeM IIPORYKTOB IMponmsa (ro-
MOJIOroB (peHOMa U GEH3071a, YIIEKUCIOrO
rasa v fip.). OKMCIIMTeN U KUCTOTBI YCKO-
psIoT aTOT Tpouecc. IIpu 6omee BBICOKMX
TeMIlepaTypax MPOVCXORUT OOyIIMBaHMe
¢ obpasoBaHmeM Kokca. Hamnume same-
cruteneil B (PeHONbHBIX SAPaX CHIDKAET
TEPMOCTOMKOCTb CMOJI: OTTUTOMEPBI, I0-
JlydeHHble U3 aNKWIPEHOTIOB, HauMHAIOT
ObICTpO pasnaratbcs yoxe mpu 230 °C.

Ocnoenvie o6nacmu npumeHeHUs
DDO [2]:

Ilenonnacmot u neHobnoKu

ITonyyarorca 1myTem
HUs YI7TIEBOJOPOJAMU PE30/I0B C HAIoI-
HUTENAMM  (TEXHONOTMsI  aHAJOTMYHA
IIPOM3BOACTBY IEHOMOMUCTUPONA); MC-

Tra30OHAIIO/IHE-

MIO/TBb3YIOTCA B Ka4eCTBE TEIUIO- U 3BYKO-
M3O0JILIOHHOTO MaTepuana, o0/amao-
[[er0 IOBBIIIEHHON TEPMOCTAOUIBHO-
CTBIO U TIO)XKAPOCTOMKOCTBIO IO CpaBHe-
nuio ¢ III1C.
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Kneu u adeesusHvie mamepuanvi

HInpokoe pacrnpocTpaHeHue IONy-
YU KeM Ha OCHOBe ¢eHondopManb-
OeTMIHBIX  CMOJI,  IIpeflHa3HAauYeHHbIe
IJIs1 CBA3BIBAHUS [IPEBECHBIX BOJIOKOH
(marpuusr IBII, [CII, danepsr). Bss-
ke ODO nprMeHAITCA AIA XONOLHOM
CBApKM JIETKMX METAa/IOB U IUIACTUKO-
BBIX M3JIeNnit (HalpuMep, IJis CUIVBaHW
JIHOJIEYMa), COCTaBbI Ha UX OCHOBE IIPU
MopmuKannm CHocoOHbl paboTaTh B
9KCTPEMAJIbHBIX YC/IOBUSAX; UX PACTBOPbI
B 9TAHOJIE ¥ IPOYNX JIETYYMX PacTBOPU-
Te/NAX TPUMEHSIOTCA B KauecTBe Menu-
LIMHCKOTO KJIes /A 3aKUBJICHNU PaH.

IIpecc-maccut

IIpeccoBaHHbIE MOPOIIKYM MCIIONbB3Y-
I0TCS KaK J/IsI OTIMBKU T'OTOBBIX U3
(Bce pexe B moC/IeHYE TOABI), TaK U JIS
COCTaBJIEHNA KOMIIO3UTHBIX MaTepUaoB
C PasIMYHBIMU HAIIOJTHUTEIAMU; HIMPO-
KO NIPUMEHSAIOTCA B COCTaBe CTPOUTEIIb-
HBIX CMecell Il CO3[laHMA IIOKPBITUIA
WJI aiTe3UBHBIX C/IOEB.

Jlakoevie cmonvl

Vcnionb3yoTcsa Kak 3aMeHa IPUPOJ-
HOMY ILE/UIAKY, B Ka4yeCTBE [UIIEKTPU-
YeCKMX IOKPBITUMI M 3alUTBl METaJIOB
0T Kopposuu. B Hacroslee BpeMs Bce
6orblliee TIPUMEHEHME HAXOIUT <« KUJ-
Kl HOBOJIAK», IPECTABIISIONINI COO0iT
PacTBOp HOBOJIAKA B STUJICHIINKOJIE, KO-
TOPBIil MCIONb3yeTCsA KaK aHTUKOPPO3U-
OHHOE TIOKPBITHE B CYOCTPOCHUN.

Crnoucmoie naacmuku

Kommosutsl Ha ocHoBe deHondop-
MaJIbJETUIHOTO OJIMTOMEPA, VCIIONb3Y-
IOI[Mecs] B KayecTBe JIErKOI'O IPOYHOTO
MaTepuaaa /sl o0/erdeHus KOHCTPYK-
I[MM, @ TAaK)Ke KaK MaTepuasbl, CTOMKIE K
HeO/IaronpyusATHBIM YCIOBUAM U obmaja-
IoIMe IIPY 3TOM XOPOIIUMU JU3NIEKTPU-
YeCKMMM CBoVicTBaMu. Vcmonbsyrorca
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TaloKe 711 GopMoBaHMA TPYO U cTep-
KHeJ! pas/INYHBIX TUIIOB.

Honoobmennvie cmonvt

K 1M0HOOOMEHHBIM CMOJIaM Ha OCHO-
Be ®PO OTHOCUTCA NMPAKTUYECKU BeCh
CIIeKTP KATMOHHBIX, aHUOHHBIX, aM(o-
TEPHBIX U [PYTUX CMOJI, COflepXKalllliX B
CBOEII OCHOBE apOMaTUYecKIil MOHOMEp
psnga GeHsona. JlaHHBIE CMOJBI LIMPOKO
UCIIOJIB3YIOTCSA TIPU OYMCTKE CTOKOB, BO-
IOIIOfITOTOBKE ¥ KaTa/lu3e B XMMIIeCKOIl
IPOMBIIIICHHOCTH.

Kpamxas xapaxempucmuxa coipos,
npumeHsemM020 6 npouseoocmee PeHos-
dopmanvoezudHbIX HOBONAUHBIX ONUZO-
Mmepoe

Denon

OH

BecieTHOE KpuCTa/mMyecKoe Bellje-
CTBO C XapaKTepHBIM 3allaxoM TIyallu,
T. 1. — 40,9 °C, 1. xum. — 181,8 °C, mnort-
HOCTb — okoso 1030 kr/m’. Ha Bosgyxe,
OKMCTISISICh, (eHOon mpuobpeTaeT poso-
ByI0 OKpacKy. IIpumecum 3HauMTenbHO
CHIDKAIOT TeMIlepaTypy IUIaBjeHus ¢e-
Honma. PactBopruMocTb B Bofie oxoso 8 %,
npu HarpeBaHuyu go 84 °C cMemBaercs
C BOLOJI B MIOOBIX OTHOLICHMAX. BopHble
pacTBOpBI 1le/I0Yell JIeTKO PacTBOPAIOT
denon ¢ obpasoBanuem denomnsiTos. De-
HOJI PacTBOpUM B (popManHe, STaHOIE,
AM3TUIOBOM adupe, IIuiepuHe, 6eH30-
Jie, CKUNMAApe, KUPHBIX KUCTOTaX U UX
adupax [2].

Xummdeckas aKTUMBHOCTb (peHOMa
Ipu CuHTe3e (eHONT0aNbeINIHBIX CMOTT
00YyC/IOB/IeHa Ha/M4MeM B €r0 MOJIEKYy/ie
TpeX TOABIDKHBIX IIPOTOHOB — IBYX B
0pmo- VI OFHOTO B NApa-TIOJIOKeHUU K
TUAPOKCUIBHOI TPyIIIIE.

Kpesonvi (memungeronvt)



OH OH OH
CH,

CH3
H3

DeHoBI IpUCOENUHAIOT (HOpMaIb/e-
TUJ IUIIDb B 0pmo- ¥ hapa-TIONOKeHN K
TUAPOKCUIBHON TpyIIe, IOSTOMY Hau-
6orbiret QYHKIMOHAIBHOCTBIO 0O/maa-
eT M-Kpe3oJI, UMEIIUIl TpU aKTUBHBIX
IPOTOHA ¥ OOPasyIOLNIT TepMOPEaKTo-
I/IACTbL; O- M TI-KPEe3OJIbl, SBJIAIONINECS
b 6MYHKIMOHAIBHBIMIY, JAIOT TEp-
MOIITAaCTHI.

BBugy TpymHOCTH pasfienieHNs Kpe3o-
JIOB YaCTO MpUMeHseTCs CMeCh TpeX U30-
MepOB, Ha3bIBaeMas TPUKPE30IOM: KU/l -
KOCTb IJIOTHOCTBIO 1044 Kr/M>, Kumsmas
B nHTepBane 185-205 °C B 3aBUCKMOCTU
OT COfiep>)KaHUA M30MEPOB U TIpUMecell.
Tpukpeson pacTBopuM B 3TaHONE, AU-
9TUIOBOM 3(upe ¥ IIEIOYHBIX PaCTBO-
pax, B BOJle pacTBOpsAETCA OKo/Io 2,5 %
Tpukpesona. Jaa IOMyd4eHUS TpUKpe-
30J1a MCHOB3YIOT (PPaKLUI0 KaMeHHOY-
TONIbHOI CMOJIBI, KUIIAILIYIO B TIpefienax
160-250 °C, KOTOPYIO OYNIIAIOT OT 6O/Ib-
IIelt yacTy HaTaaMHa.

Kcunenonvt (Oumemungeronve)

OH

Hs

KcuneHon cymjectByeT B Bujie MIeCTH
n3oMepoB. TexHMYeCKMII KCUJIEHONT -
CMeChb M30MepPOB — BSI3KOe MAC/IO0 KOpUU-
HEeBO-4YEepHOTO IBeTa C CUIbHBIM Helpu-
ATHBIM 3aIaxoMm, T. kui. — 200-220 °C,
IIOTHOCTh — 1040 kr/m’, pacTBOpsAeTcA
B 10 %-M BogHOM pacTBope menouyn. Oc-
HOBHBIM MCTOYHMKOM IIONy4YeHUs KCHU-
JIEHOJIA SIBJIAIOTCA KPe3Oo/IbHble (PpaKLuy
CMOJI, 00pa3yIUXCA IIPU TePMUYECKOIT

obpaborke TomnmB. BBupy 6udyHkumo-
Ha/IBHOCTY He CIocobeH 06pasoBbIBATh
CeTYaTyI0 CTPYKTYpPY 1 6e3 BBeEeHI [10-
IIO/THUTE/IBHOTO CHIPbsI IIPUTOfIEH TOMBKO
JULS TIOTTy4eHVs TePMOIIIACTUYHBIX OJIN-
rOMepOB.

Bucgperon A u e2o npoussoonuvie

HO

IIponykTbl KOHAeHcALyu (GeHONOB 1
alleTOHA TIpU KaTajause MUHEPaTbHBIMU
Kucnoramu. O6IafaloT HeCKONIbKIMI K-
TUBHBIMHU LieHTpaMy (BIUIOTb 70 4), KaKk
C/IefiCTBUE, CIIOCOOHBI CLIMBATH OJIATO-
MepHble Lielly IIpK A06aBIeHNI K OCHOB-
HOMY CBIPBIO [/Isi TOBBILIEHVs TepPMO-
CTOJKOCTH M1 K€CTKOCTIL.

Dyppypunosoiii cnupm

[

[TpoussopHoe ¢ypdypona,
IIaollee TEPMOPEAKTUBHBIE CBOJICTBA U

BA3KOCTD IOJIMMepa; 00/afjaeT BBICOKO-
aKTUBHBIM LIEHTPOM B NO/IOXeHnn 5 dy-
PAHOBOTO IIMKJIA.

Xnopgeronvl

MoHo-, iu- 1 TpU3aMelleHHble IpPo-
IYKTBI XJ0pupoBanusa ¢exona. Obmaza-
I0T MEHbIIIel aKTUBHOCTBIO, YeM (pEeHOIIbI
M Kpe30JIbl, HO OOJbIIeil KMCTOTHOCTBIO
¥ TIPU 9TOM IPU/IAI0T TOTOBOMY IIPOJYK-
Ty TIOBBILIEHHYIO CTOWMKOCTb K TOPEHMIO
BBUJIy Ha/IM4MsI aTOMOB XJIOpa.

Buicuue geronvt

K maHHOI! rpynme oTHOCATCA TUAPOK-
cuHadTaNMHLl, (QEHONMbHbIE IIPOM3BOJ-
Hble aHTpAIlleHOB, (GEHAHTPEHOB U T. .
IIpn mobaBke K OnUromMepaM HIPHUAAIOT
MM BBICOKYK TePMOCTOMKOCTDb (BIIIOTH
1o 400 °C), BO3pacTaoLIyI0 C yBenude-

OH

IIOBbI-
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HIeM 4JC/Ia KOH/IEHCUPOBAHHBIX IIMK/IOB
B deHoMmax.

Dopmanun

Bopueiit  pactBop dopmanbaernia
KOHILIeHTpauueil 1o 37 % npy KOMHATHO
TemnepaType 1 o 50 % IIpy IOBbIIIEH-
Hoit. [Tpu peakiuu ¢ peHONMaMu BCTymaeT
B 97IeKTPOUIbHOE apOMATUIECKOe TIPU-
COeNMHEHMe, «CIIMBas» MEXAYy Ccoboit
apoMaTIYecKue sipa U TeM CaMbIM 00pa-
3yA onMroMepsbl. B kadecTBe 3aMeHbI Hec-
TabMJIPHOMY pacTBOpPY Ha IPOU3BOJCTBE
MHOT/]a MCIIO/Nb3YIOTCA TBEpJble MPOU3-
BopHbIe dopManbiernfa — mapapopm u
YPOTPOIMH.

JTuenun

[IpuponHblit onuromep, ABIAIOLINIICA
COCTaBHOJM 4YacTbio JpeBecuHbl. Ilpen-
cTaBimsieT o001 (eHONMbHBIE LIEHTPBI,
CIIMTBhIE HACHIILIEHHBIMU YTJIEBOJOPOJ-
HpiMu nensamu (mo 3-4 aromos). Onu-
romep, IOJY4YEeHHbIN C MCIONb30BaHNEM

Tpe6oBaHus K roToBoOi NPOAYKLUK

HanmeHoBaHme mpomykTa: HOBO/MAY-
HBIIT GeHonmobOopMabernIHbI ONTO-
Mep (HoBonmak) (Tabm. 1).

OH OH
OO
6
CpepHsisi  MONEKyIsApHas — Macca:
730,86 r/mob

JIUTHMHA, COREP>KUT MEHbIllee KOMINYeCT-
BO CBOOOZHOrO (eHOMa, a TAKKe SABIIAeT-
Cs1 B 3HAYNTENBHON CTeNeH) Oyopasiara-
eMBIM, YTO OOJerdaeT ero yTHIM3aLuIo
U HAHOCUT MEHBUIMII BpeN OKPYKako-
meit cpene. IIpou3BOACTBO OMUIOMEpPOB
Ha 6ase JUTHVHA B HACTOSIINII MOMEHT
npuobperaer Bce GOMBIIYIO 3HAYMMOCTD
B Pa3BUTBIX CTPAHAX B CBA3M C y)KeCTOUe-
HIeM 9KOJIOTMYeCKIX HOPM.
HoBomaunsle  denonodopmanpe-
TU/JHBIE  OJIMTOMEPHI KaK
[paBuIo, MOMMKOH/eHcanuel deHoma u
dbopmanppernga (B Buse dopmannHa) B
KIC/ION BOJHON Cpefie; pas/nyHble [O-
6aBKI K MICXOFHOMY CBIPBIO MIMEIOT JINIIb
OrpaHmMYeHHOe IpuMeHeHue. IIponssozn-
CTBO BeeTCs IO IePMOAMYECKOil 1160
HerpepbIBHOM cxeMe [3]. B pmanHoIT pa-
60Te IOAPOOHO PACCMOTPEHO YCTPOICT-
BO ¥ JjaJIbHelIlllee YCOBEPIIEHCTBOBAHE
HeIIPepbIBHOI CXeMbI IIPOM3BOACTBA.

T10/1y4atoT,

Bpyrro-dopmyna: C H, O,

XapaKTepucTyKa MCXOFHOTo obpasiia:

1. CranpmapTHbIT 0Opaser yTBep>Kza-
€TCsl B COOTBETCTBYIONIEM IIOPAZKE.

2. CraHpapTHbII 06paser] IOIeXUT
3aM€He BHOBb IIPUTOTOBJIEHHBIM U YT-
BEP>K/IEHHBIM 4epes3 6 MecsALEB.

3. Cpox peitcTBuA, IPOIJICHNS U Xpa-
HeHJe CTaHZAPTHOrO 00OpasLa yCTaHaBIN-

Ta6bmuma 1

XapaKTepUCTIKa KOHEYHOTO IIPOAYKTa

HaumeHnoBaHMe moka3aTess

Hopma

Buemruuit Bup,

rHHH].IeBbIe TpaHy/bl OT CBET/I0-KE/ITOTO 10 JKENTOTO
IBE€Ta C MEIKVIMM PaBHOMEPHBIMMU OITa/IECHMPYIOIVIMN
BKJIIOYCHUAMMU

Temneparypa KaIulenageHns

110-150 °C

CopeprxaHie cBo60ogHOr0 eHomna

He 60mee 2 %

JJons1 HepacTBOPMMOTO IONIMMeEpa

He 60mnee 0,2 %

PactsopumocTb
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BaeTCA B COOTBETCTBUM C «V[HCTPYKL[I/IGIZ
1o 0T60py, MCIbITAaHNIO, YTBEPXXAEHUIO,
XpaHEHNIO ¥ PpacXOJOBaHNIO CTaHAap-

THBIX 06pa3u03», YTBEPXKXAEHHDBIX B YCTa-
HOBJIEHHOM ITOpAJKE.

Tabnuua 2
Tpe6oBaHMSI K CHIPBIO
O603HnaueHne Copt unun ITokasatens gnsa
HaumenoBanme IIpumevanue
HT], APTUKYT TIPOBEPKN
Temmeparypa kpu-
Mapku A crammusaiuu 40,6 °C | Xummyeckuit
Denon TOCT 23519-93 P .
ub u 6ojiee; cofiep)KaHue | peaKTUB
He MeHee 96 %
CTO 55778270~ | Ilonympo- C 1exa okucie-
Dopmanua yip Maccosas gona 50 % 5
872-2009 BYKT HIA MeTaHOJIa
aBesieBas TV 6-36-0204229- XuUMmyeckuin
1 98 % MaccoBas gosns
KIC/IOTa 1047-91 peaxkTus
Dopyama 3 llagenceas KHCIOTA
mexa = ©O CEIaza
TII-1. IIparorogaeHne peaKnHOHHOHE CMeCH
Derom H3 . | TII-1.1. Hpurorosxenne | TII-1.2. liparorosnenne
xpannmama X-1 HCEXOTHOH CMecH KaTaaH3IaTopa
denonkEas BOmA W2 Komnencar
¥ ¥
cooprmra C6-1 C CHCTeMELI 0Dorpeea
| Hcxomsas cuecs | | Karanmzarop |
A Y
| TII-2. MonukoRIeRcamAS |
4
| Peaxumonnas Macca |
Hazncmonssas Boga
; E IIeXa
TII-3. OTnenenne BoaHo# Haznr »| HHAFTHIH3ANHIO
Totepn
¥ IeneBoro NpoayETa
| OtcrofHas cMona
Ilotepu
r HEeNEBOro NPOAyETa
| TII4. Cymxka B gekapOoKCHIHPOEaHHES
Taporazosas cmeck
l Ha xorg-mE B Col
| Bricymennas cmoma |
Ocrpsiii map

6 atM

TII-5. TepmoobpatoTka

Y

TopapHas cMoma
Ha CKJIaj FOTOBOH OPONYKIHE

Puc. 1. briok-cxema TeXHOOTUYECKOTO Imponecca

Orron gpenona
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Puc. 2. TexHonoruveckas cxema IIPON3BOICTBA

OnucaHue TeXHONOrM4ecKoro npouecca

ITpou3BOACTBO HOBOMIAYHOTO (EeHON-
dbopManbernjHoro onuromMepa ABIA-
eTCA MHOTOCTa[iVIiiHbIM HeIIPepPhIBHBIM
nporeccoM. BIok-cxeMa TeXHOIOTMYe-
CKOTO IIpoIlecca IpejcTaBieHa Ha puc. 1,
TEXHOJIOTMYeCcKas cXeMa — Ha puc. 2.

Ilposepxa u nodeomosxa k pabome
o6opydosarius

Bce o6opynoBaHme mepuomdecKn
BV3Ya/IbHO IIPOBEPAIOT Ha I[eIOCTHOCTD
IIOKPBITUSA allllapaTa, 3allOpHOi apMa-
TYPBI, OTCYTCTBUE PEAaKIMOHHON MAacChl.
[epMeTMYHOCTD aIIapaToB IPOBEPAIOT
CO3JIaHMeM JaBJIeHNA 2 aTM BHYTPU pe-
aKTOpa, 3aKPBIBAIOT IIOJJaYy CKAaTOTO BO3-
nyxa. IIpu Beimep>xke 10 MMH fjaBreHMe
He JO/DKHO yMeHbIMThCA. Ha xomocrom
XOfly TIPOBEPAIT paboTy MelIanoK, Mo-
cTymleHue napa s py6amkn. Konrponu-
pytor npubopsr KMIInA, nynsr ymnpas-
JTIeHNA.
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ITodzomosxka coipvs

B mpousBopcTBO mepenaeTcsi ChIpbe
U TIOTYNPORYKTHI, IPUHATbIE BXOJHBIM
KOHTPOJIEM C COOTBETCTBYIOLIEN OTMeT-
Koit 0 KadecTBe (Tabmn. 2). [lepnopnaeckn
BCe XPaHWININA 3aIONHSIIOT COOTBETCT-
BYIOLUM CBIPbEM.

TII-1.1. IlpuroToBneHne MCXOXHOI
cMecu

AnnaparypHoe opopMIeHe CTaIIN:

1. Xpauwmume ¢enoma (X-1) -
ammapar, 06orpeBaeMblil IIy4KOM TPYO,
n3 cramu 1X18H9T, BMecTMMOCTHIO
63 M°, ckommyHMLMpoBaH ¢ JIY, cHabxeH
BBIHOCHBIM MEPHBIM CTEKJIOM.

2. Mepuuk denomna (M-2) - ammapar,
oborpeBaemblil pybamkoir, u3 CTamn
1X18H9T, BMecTuMOCTBIO 40 1, CKOMMY-
HunpoBaH ¢ JIY, cHaGXeH BBIHOCHBIM
MEpPHBIM CTEK/IOM.

3. CmecurenbHasa eMKocTtb (C6-3) —
anmapatr u3 cramu 1X18H9T, BmecTn-



MocTbio 1 M?, ckoMMyHunuposasn c¢ JIY,
CHa0>KeH BBIHOCHBIM MEPHBIM CTEK/IOM.

4. Céopuuk  eHOMbHOI BOJbI
(C6-12) - ammapat us cramu 1X18HIT,
BMECTMMOCTBIO 25 M3, CKOMMYHULIMPO-
BaH ¢ JIY, cHab)keH BBIHOCHBIM MEpPHBIM
CTEKJIOM U 3MEEBMKOBBIM OX/IaXK/|€HMEM.

5. Iloporpesarens (I1-4) - xoxyxo-
TpyOHBIl anmmapar us cramu 1X18HIT,
C cedeHHeM TPYOHOTO IIPOCTPAHCTBA
0,089 m2.

M3 xpanmnmmia X-1 nepexkaymBaeTcs
pacmiaB ¢peHonma B MepHUK M-2, oTKyna
NIEPUOAMNYECKM CIMBAETCA B CMECUTEND-
Hyo eMKocTb C6-3, B KOTOpPYIO HeIlpe-
PBIBHO IIOJ, KOHTPOJIEM pacXofoMepa
nocrynaT gopmanuH 50 % c 1mexa oKu-
ClleHusA MeraHonma ¥ (eHoNIbHaA BOJA

¢ peuukna u3 cbopurka C6-12. B cme-
cutene Macca mpebbiBaeT 1,5 4, Hempe-
PBIBHO II€peKauMBasCh Ha CIEAYIOMIYIO
cTapmio yepes rermiooOMeHHuk I1-4 pa
nogprorpesa jio 70 °C (tabm. 3-4).

TII-1.2. IIpuroToBneHne KaTanmusa-
TOpa

ArnnapaTypHoe odopMIeHe CTagnu:

1. PeakTop mpuUroTOBNEHMs Kara-
mmsaropa (P-10) - ammapar us cramm
1X18H9T, smecTumocTbio 0,32 M?, cKOM-
MyHuLMpoBaH ¢ JIY, cHabkeH BHIHOCHBIM
MEpHBIM CTEKJIOM, M3MepUTeneM TeMIle-
paTypbl, 3MeeBUKOBBIM OXJIXKJEHMEM I
IIpOIIEUIEPHON MEIIAIKO.

2. MepHuk katammsatopa (M-11) -
anmapar u3 cramu 1X18H9T, BmecTnmo-

Tabmuna 3
3arpy»eHo Ha crajguy TII-1.1
3arpy»keHo
CblIpbe U NOTYIPOJYKTBI C(Zgzl;{ ?:SMC Mac:::; /TIeXH" Macca 100 %, kr/a
®DeHOJT TEXHUYECKUIA, B T. 4. 298,22
1. | denon 96,00 286,29
IpUMeCcH 4,00 11,93
®opmanmun 50 %, B T. 4. 166,74
2. | popmanbaerns 50,00 83,37
BOJIA 50,00 83,37
®deHOMbHAS BOJIA, B T. 4. 116,40
3 denon 30,00 34,92
" | opmanbpernn 3,85 4,48
BOJA 66,15 77,00
Uroro: 581,36 581,36
Tabnuua 4
[Momy4eno Ha craguy TII-1.1
ITonyyeno
CplIpbe 1 HOTYNPOJYKThI Conepxanne Macca rexn., Macca 100 %, kr/a
(% macc) Kr/4
VcxomHas cmech, B T. 4. 581,36
¢denon 55,25 321,20
NIpUMeCcH 2,05 11,93
dopmanbperny 15,11 87,85
BOJA 27,59 160,37
Uroro: 581,36 581,36
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3arpysxeno Ha ctaguu TII-1.2

Tabmmma 5

3arpyxeHo
o —— Copepxanme | Macca TexH., Macca 100 %,
(% macc) Kr/4 Kr/4
Kucnora njaBeneBas 3,09
TeXHUYECKas, B T. 4.
IraBejieBast KMC/IOTa 95,50 3,07
NpUMeCcH 0,50 0,02
Bopa 7,21 7,21
Nroro: 10,30 10,30
Tabnuua 6
Iomyyeno va craguu TII-1.2
ITonyyeno
ChlIpbe ¥ HOTYIPOAYKTBI C(Zf;fi i:g"e Mac:ﬁ :{eXH" Macca 100 %, xr/a
Karanusarop, B T. 4. 10,30
1 aBejieBast KUC/I0Ta 29,91 3,07
" | mpumecn 0,10 0,02
BOJA 69,99 7,21
Uroro: 10,30 10,30

cTbI0 1 71, cKoMMyHULIMpoBaH ¢ JIY, CcHa0-
>KeH BBIHOCHBIM MEPHBIM CTEK/IOM.
OnHOBpeMEHHO C TIPUTOTOBJICHVEM
UCXOfHOI cMecu u3 peakropa P-10, 3a-
rpyaemMoro 1 pa3 B CyTKHU ILjaBelieBOI
KICTIOTOM ¥ BOZOI, CIMBAETCS B MEPHUK
M-11 xaranmsaTop (BopHas CycHeH3uA
I]aBeJIeBOJ KVC/IOTBI), KOTOPBIN 3aTeM
CaMOTEKOM CIIMBaeTCA Ha CrefyIoI[yio
crapuio. Jlo6aBieHne KUCTOTBI Peryn-
pyeTcs 1o TeMIlepaType U ypOBHIO CMecH
B OCHOBHOM peakrtope (Tabin. 5-6).
TII-2. IlonuKoHgeHCA M
AnmaparypHoe opopmieHne cTafuu:
1. Peaxtop nonukonpencaruu (P-5) -
anmapar u3 cramum 1X18H9T, Bmectu-
MOCTBIO 2 M?, CKOMMyHunuposas c JIY,
cHabKeH TpyboOll  IepefaBIMBaHIS,
ypOBHEMEpPOM, U3MEpUTENAMN TeMIlepa-
TYpPbl U JaBIeHNs, ITIAAKOI PyOaLIKoit 1
AKOPHOV MeLIaTKOI.
2. O6partHsrit xonoaunbHuK (Xk-8) —
KOXXYXOTPYOHBII ammapaT M3 CTanu
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1X18H9T, ¢ cedyeHmueM TPyOHOro Ipo-
crpancTBa 0,013 M~

[NocTymatomme ¢ TIpembIAyLIeil CTa-
IMM B 33[JaHHOM KOJIMYeCTBe uepe3 Bep-
XHMe IITyLIepbl B OCHOBHOII peakTop P-5
UCXONHAsA CMeChb M KaTaausaTop Iiepe-
MeIMBAIOTCA, B pesylbTaTe Yero Haunu-
HaeTcA XMMu4Yeckasd peakuys QeHona u
¢dopmanppernga. Peakiua ujer npu ox-
NaX7IeHUM CTE€HOK peakTopa BOHON Ipu
nofep>KaHuu TeMIepaTypsl — 98-100 °C
B TeYeHMe BCEero BpeMeHU IpeObIBaHMA
Macchl B amnmnapare (2 4), OTKyzia OHa C/Iy-
BaeTCs HeITPepBhIBHO Uepes3 HIDKHUI ITY-
nep. Vcnapsiomuecs B Xofe peakLun
NeTyune UCXOIHbIE BellecTBa KOHIEHCH-
pyiocsi B 00paTHOM XOTOAMIbHIKe XK-8
U BO3BPAIAIOTCSA B PEAKIIOHHYIO MacCy.
/3 peakTopa Ha BBIXOfie TEPUOAUIECKN
6epyrcs mpo6e!l npopykra. Ecny npogyxr
CTaHOBUTCs YPE3MEPHO BA3KUM, YMEHb-
HIAIOT CKOPOCTD NMOAa4YM KaTannsaropa.



3arpy>xeno Ha ctaguy TII-2

Tabmmma 7

Chipbe u MOTYIPOAYKTSI CopeprxaHue Macca TexH., Macca 100 %,
(% macc) Kr/4 Kr/4
VcxomHas cmech, B T. 4. 581,36
denon 55,25 321,20
1. | npumecn 2,05 11,93
¢dopmanbperng 15,11 87,85
BOZA 27,59 160,37
Karanusarop, B T. 4. 10,30
) IraBejieBast KMC/IOTa 29,91 3,07
IpUMecH 0,10 0,02
BOJa 69,99 7,21
HToro: 591,66 591,66
Tabmma 8
IMony4eHo Ha craguy TII-2
ITonyyeno
ChIpbe ¥ HOMTYIIPORXYKTHI C?i:PM)zzgme Mac;e; /TIeXH" Macca 100 %, kr/a
PeakiimonHas macca, B T.9. 591,66
[010]0) 49,99 295,77
] denon 9,23 54,60
" | npumecn 2,02 11,93
BOZIA 35,72 211,33
IraBejieBast KMC/IOTa 0,52 3,07
dbopmanbperny 2,52 14,93
Uroro: 591,66 591,66

B peaxTope mpenycMoTpeHa Tpyba
IepefaBIMBaHNA [ aBapuUIHON 3Ba-
Kyaluun cMecu U3 peakropa. Ilpu mycke
YCTaHOBKM Haya/lbHOE KOIMYeCTBO MC-
XOJJHOII CMec) TpOrpeBaeTcs ITyXMUM Ia-
pom (6 aTMm) [10 TeMIlepaTypbl peakuuu, u
TOZIBKO 3aTeM B Py0OallKy [OfaeTcsi Boja
(Tabm. 7-8).

TII-3. O1penenne BogHOIT (pasbl

AnmnaparypHoe opopMIeHIe CTa VI

1. ®nopenrtuiickuit cocyp (0-6) -
ammapar u3 cranu 1X18H9T, Bmectu-
MOCTBIO 2 M?, CKOMMyHunuposan c JIY,
CHA0XEH CMOTPOBBIM CTEKJIOM U TTTA/IKOIT
pybamuixoii.

N3 peakTopa P-5 mony4yenHasa cMmech
IPOAYKTa C MCXONHBIMU BellleCTBAMU U
06pa3oBaBILEiCs B XO[je PEAKI[UU BOJIBI

IIOCTyTaeT Ha HeNpepbhIBHOE OTCTauBa-
Hue B 06orpeBaeMblit mapoM (6 atm) dio-
pentuitckuii cocyn O-6. B cocyme mpouc-
XO[IUT pacclamBaHye CMecl Ha BOTHYIO I
OpraHn4eckyio ¢aspl; mepBas CIMBaeTCs
yepes BEPXHMIl MITyIep ¥ IIOCTyHaeT
B IleX YTUIN3ALMI 1100 B 1IeX IIPOU3BOL-
CTBa pe30NbHBIX CMOJI, BTOpas — Iepe-
JaBIMBAETCs HACOCOM Ha CTAIMIO CYLIKM
Jyepes HIDKHUIT mTyLep (Tabm. 9-10).

TII-4. Cyuka u gekap6oKkcunmnpoBa-
HIe

ArnnapaTtypHoe odopMIeHne CTagNu:

Cyumnka (C-7) - KOXyXOTpyOHBIi
anmapar u3 cramu 1X18H9T, ¢ ceuenu-
eM TpybHoro mpocrpanctea 0,259 M
060pyfOBaH BaKyyMeTPOM Ha BBIXOZie U3
TPyOHOTO IPOCTPAHCTBA.
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3arpyxeHno Ha craguu TTI-3

Tabmuia 9

3arpy>xeHo
CplIpbe U HOTYIPOYKTBI C(zf’:i f:?)"e Macf{i /rfleXH" Macca 100 %, Kr/4
PeaknimonHnas mMacca, B T. 4. 591,66
ODO 49,99 295,77
denon 9,23 54,60
IIpUMeCcH 2,02 11,93
BOMA 35,72 211,33
11aBesieBast KMC/IOTa 0,52 3,07
dopmanbrerng 2,52 14,93
WToro: 591,66 591,66
Tabmuma 10
Ionyyeno na craguu TII-3
ITomyyeno
Chipbe H MOTYIPOAYKTSI Copepxanue | Macca TexH., Macca 100 %,
(% macc) Kr/4 Kr/4
OTtcToltiHasA cMOa, B T. 4. 417,10
ODO 70,84 295,48
1 denon 11,39 47,51
" | maBeneBas KmcIoTA 0,74 3,07
dbopmanpperng 1,07 4,48
BOJIA 15,96 66,57
HapcmonbHas Boja, B T. 4. 174,56
BOJIA 75,27 144,76
5 denon 5,62 7,10
" | bopmanbuerny 8,28 10,45
IpuMecu 10,61 110,93
ODO 0,23 0,30
Wroro: 591,66 591,66

Co cragum paspeneHus OTCTONHaA
cMoma 3akaumBaerca B cymmnky C-7,
BBIIIOJIHEHHYI0 B BIUfE KOXYXOTpyOua-
TOTO0 TeIIO0OMEHHMKa, 000rpeBaeMo-
r0 IIapOM BBICOKOTO jaBjeHud (12 arm)
I/ co3faHus Temrepatypst 140-180 °C.
Cwmora opaetcs B Tpy64aToe IpocTpan-
CTBO, BHYTPU KOTOPOT'O CO3/IaeTCs Cpef-
HUJI BaKyyM, U JBIDKETCA B BUJie IIVICH-
K/ 3a CYeT IOTOKa OTTOHAEMBIX U3 Hee
JIeTYYUX BeIeCTB, a TaKXKe razoobpas-
HBIX IIPOAYKTOB pa3/araiouieiicss B Xofe
mpollecca IaBeleBOil KUC/IOTHL. Beicy-
IIeHHasA CMOJIa flajlee TIOfaeTcA Ha Crle-
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AYIOIIYI0 CTajiuio, a Iaporasobas ¢asa
YXOOMT Ha KOHJEHCaIyio 1 obpasosa-
Hue ¢eHOonbHOI BOfbl B cOOpHUK CO6-12
(Tabm. 11-12).

BBupy Heo6xommMMOCTH HarpeBa IIa-
POM BBICOKOIO MaB/leHMA Ha CTEeHKax
Tpy6 OcCTaeTcsi 3amonMMepu30BaBIIasICs
CMOJIa, KOTOPYIO IPUXOANTCSH IepPUOAV-
YeCKM YAasATh.

TII-5. Tepmoo6padoTka

ArnnapatypHoe oopMIeHMe CTafyN:

Cwmomnomnpuemunk (C6-8) — ammapar
n3 cram 1X18H9T, BMecTuMocTBIO 2 M?,
ckoMMyHuIuposaH ¢ JIY, cHabxeH Tpy-



3arpysxeno Ha ctapuu TTI-4

Tabmuma 11

3arpykeHo
o —— Copepxanue | Macca TexH., Macca 100 %,
(% macc) Kr/4 Kr/4
OrTcToitHas cMoa, B T. 4. 417,10
ODO 70,84 295,48
denon 11,39 47,51
1aBeseBast KMC/IOTa 0,74 3,07
¢dbopmanbperng 1,07 4,48
BOMA 15,96 66,57
HTtoro: 417,10 417,10
Tabmuua 12
Ionyyeno na cragun TII-4
ITonyyeno
Chiphe H MOTYIPORYKTSI Copepxanne | Macca TexH., Macca 100 %,
(% macc) Kr/4 Kr/4
BoicyuienHas cMora, B T. 4. 306,59
OPO 95,89 294,00
enon 4,11 12,59
[Torepn 1,48 1,48
ITaporasoBas dasa, BT. 4. 109,04
BOJA 61,05 67,18
dbopmanbuerny 4,11 4,48
YIJIEKUCTIBII Ta3 1,38 1,50
yTapHBIIL ra3 0,88 0,96
dbenon 32,58 34,92
Uroro: 417,10 417,10
Tabmuma 13
3arpyxeno Ha crapuu TTI-5
3arpy>keHo
o —— Copep>xanue | Macca TexH., Macca 100 %,
(% macc) Kr/4 Kr/4
Bricymennas cmona, B T. 4. 306,59
OO0 95,89 294,00
denon 4,11 12,59
OcTpblit map 359,89 359,89
Uroro: 666,47 666,47

6011 epeaBIMBaH, YPOBHEMEPOM, 13-
MEPUTENAMM TEMIIEPATyPbl U JaBJIEHNUS,
3MeeBMKOBOIT IOy TPYOHOIT py6aIuKoit u
AKOPHOV MeIIaIKOM.

Boicymennas cMoma B pacIuiaBe
3amumBaerca B cMmosnonpueMHuk C6-8,

IPeNCTaB/SoNNI 13 ceOsT eMKOCTHOI
ammapar ¢ pybaukoit u memmankos. CMo-
7a MofaeTcsA [0 3aJJaHHOTO YPOBH:A Ha-
IIOJTHEHM S, TIOC/IE YETO BXOJALIMI ITOTOK
NIEPEBOINTCA HAa BTOPON CMOJIOIPUEM-
HIK, a B alapar depes TpyOy mepenas-
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IMomyyeno va craguu TII-5

Tabmuua 14

IMomyyeno
CbIpbe ¥ NOTYyIPOJYKTHI Copepxanne Macca TexH., Macca 100 %,
(% macc) Kr/g Kr/4
ToBapnas cmorna, B T. 4. 299,99
1. | ®DPO 98,00 294,00
denon 2,00 5,99
OrtroH ¢deHomna, B T. 4. 366,48
2. | penon 1,80 6,60
BOJA
WToro: 666,47 666,47
Tabmuma 15
OcCHOBHBIE TEXHOTOTMYECKIE TTaApaMeTPBI U KOHTPO/b IIPOM3BOICTBA
Konrponpnas Haumenosanne Kompomipyemsiit Meron
mapaMeTp Hopmatus U CPeCTBO
TOYKa 00beKTa KOHTPOIA
1 pa3sMepHOCTh KOHTPOJA
He 607ee Ttk ¢
PeaxTtop P-5, Peakmyonnas Temmeparypa. °C 100 °C BBIBONOM Ha
KT-1 Macca parypa, He menee I/ITeJI
97°C .
P P-5, P
caxtop CARIIOTHAA Bsiskoctp, MIIa - ¢ | He 6omee 1200 |JlaboparopHo
KT-2 Macca
Cymmika C-7, Bakyymmerp
KT-3 Pe>xum paboTst Bakyym, atm 0,3 Ha BhIXOJe
B saBucumo- | JlabopaTopHO
CmononpueM- | Peakumonnas Temneparypa Ka-
o CTV OT MapK! | TIO METOJY
Huk, KT-4 Macca mienagenus, °C
onuromMepa Y66enone
CmoronpreM- CopepsxaHue (eHo-
k. KT-4 Macca Ha BbIXOfE 2, % He 6omee 2 JIabopaTopHO

NMMBaHMA TOJAETCA OCTPHIN map (6 aTm).
IIpy HarpeBe OCTPHIM U IIYXUM ITAPOM
(12 arm) TeMIepaTypa IOAAEPKIBACTCA
B pguamasoHe 130-190 °C, B pesynbraTe
4ero C IapoM OTTOHAETCA M3ObITOUHBII
deHom, Myl 3aTeM Ha KOHJEHCALVIO

" yTuian3anmnio. 43 alirapara nepmuopm-

266

9ecKM OTOUPAKTCA MPOOGBHI Ha MPOBEp-
Ky COOTBETCTBMsS CTAaHJAPTU30BAHHBIM
mapamerpaM. Ilocie OKOHYaHUS TPO-
Ijecca TOTOBasi TOBapHas CMO/A IIOCTY-
[aeT Ha TPAHY/LIUMIO U 3aTapuBaHue
(Tabm. 13-14).



3aknioyeHue

B panHolt paboTe mpencraBieHa Mo-
I[I/Iq)I/IKaI_U/IH TEXHOJIOTUMYECKO CXEeMBbI
IIPOM3BOZICTBA HOBOJIAYHBIX (eHondop-
MaIbaeTrMaHbIX OHI/IFOMepOB. COCTaBTIeH
AQHAJIMTUYECKIIT 0030p, B KOTOPOM IIpHU-
BE€l€eHa KpaTKaH XapaKTepI/ICTI/IKa Cblpbﬂ,
JMCXOIOHBIX BE€IIECTB U BAMAHNE KaXXKIO0I'0
tuna GeHoNbHOro 1 GOopMaIberuHOrO
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