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The process control factors of the liquid — gheatalytic oxidation of the industrial chlorinatpdraffins by air have already
been identified: the catalyst concentration andnydrocarbon chlorination degree. The developechematical model, with the adequacy
dispersion value 3,6%, is allowed to be controbgdhe acid number value (e.g. the products nunitaing contained the carboxyl group)
at the chlorinated paraffins oxidation by air ire thresence of the manganese salts. The stearatien-@esence, having comprised the
manganese catalyst, can be achieved a higher @midsnt in the oxidation products of the CHP — 3@mparaffin, in comparison with the
catalyst, having contained only the acetate — anion

The liquid industrial chloroparaffins are usyalised, as the second plasticizers in combinatiim tive
primary ones, for example, the phthalate plastisizéecause of their limited plasticizing capaciyd the
compatibility with the polymers. The chlorinatedgifins are usually given the polymers productsimber of the
valuable properties, such as the increased fiistaee, the cold resistance, the mechanical stretige resistance
to the hydrocarbons, the fats and the oils actioraddition, the chloroparaffins are quite non xid¢o(e.g. the
hazard class 4) [1], in contrast to the phthalédstjzizers (e.g. the hazard class 2) [2], are liysdestinguished by
their low cost and the raw materials availabiliby their further production.

It has been found by us [3], that in composetheffinal products of the chlorinated paraffirguid —
phase oxidation by oxygen, the higher chlorinatedbaxylic acids (HCCA) are produced. The HCCA soha in
the chloroparaffin are the new promising raw matefior the plasticizing [4] and the stabilizing cpasitions [5]
creation.

The higher thermal paraffins oxidation challeng@renindividual long chain paraffinic hydrocarbons
(e.g. the decane, the hexadecane and etc.) by mxargey air has been dealt in a number of seveapérs. The
conversion scheme and the products compositionenordf the paraffinic hydrocarbons oxidation haweerb
investigated in detail, and moreover, the matherahtiependences and their relationships, havirmggvatl to be
controlled over the whole process, have already beeeloped thoroughly. So, it, moreover, has lshewn, that
the acids are the final products, and, in someietydhe complex esters are also referred, asxiaton end
products [6 — 19].

The higher chlorinated hydrocarbons oxidatiaas lalready been described very little [20 — 22].
Probably, the chlorinated hydrocarbons oxidatioprectically subjected to the basic laws and thegulations of
the chain — radical hydrocarbons oxidation prodssthe molecular oxidation, however, the chlorimesence in
the molecule is conditioned and determined the emions peculiarities characteristics of the chimed long —
chain hydrocarbons.

It should be noted, that the chlorinated hydrocas are practically more resistant to the oxidatio
than their non — chlorinated analogues. In paiicuhe industrial chloroparaffins, having presdriteemselves the
long — chain chlorinated hydrocarbons mixture wvifie chlorine atom different number and its positiorthe
molecule, are not practically subjected to thentaroxidation.

Thus, it is well — known, that the metal compourtdsthe variable valence are the hydrocarbons
oxidation catalysts [23]. So, by analogy with thergifins oxidation process, in order to be obtaitiex synthetic
fatty acids [6], for the chloroparaffins oxidatiothe manganese and the potassium salts had altessly

investigated, as the catalyst, which was enabldd be carried out the chloroparaffins oxidatiohdg air.
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So, the chloroparaffins are practically receivadd they are prepared by the paraffins chlorinatio
without the chlorinated organic products obtainepasation, that is why they are the complex muktomponent
mixtures of the non — permanent content. Thist @ifsall, is made it quite difficult to be studidide kinetics and
also the mechanism of the chlorinated paraffinsl@ion process.

For the management of the chloadaparaffins oxidation process in this work, we éhalready
developed the mathematical dependencies and &iatronships, having allowed to be carried outchi®rinated
paraffins oxidation by air in the presence of thenganese salts up to the certain value of therasitber.

The liquid industrial chloroparaffins are beingbguced by the following brands: CHP-250, CHP-30,
CHP-470, CHP-52, which are differed in the combirgdorine content. One fraction of the oil parafim
practically used with the chain length4C,; for the chlorinated paraffins production of thed®ve — indicated
brands. In this connection, the chain length of kyelrocarbon radical in the modeling process carbet
considered, as the experiment factor.

The Table No.1. The Physical Properties of the idddustrial Chlorinated Paraffins [1]

The Liquid Chloroparaffins

The Properties CHP-30 | CHP-30
CHP-250 CHP-470 CHP-52
brandA | brandB
1 2 3 4 5 6
The mass fraction of the fixed chlorine, % 24-29 -328 28-32 45-49 50-54
The mass fraction of the acids in term3iafl, %,
0,004 0,004 0,004 0,005 0,005
no more
The density at 282, g/cn? within - 0,98-1,02| 0,98-1,02 - 1,25-1,26
The density at 2@, kg/n? within 960-1020 - - 1185-123% -
The thermo stability based on the cleaved HCI, %,
- 0,20 0,20 0,20 0,15
no more
The viscosity, P at 2879 within - - - - 10-16
The mass fraction of the iron ions, %, no more P,00 0,004 0,004 0,004 0,006
The color by the iodine scale, mglDO0 cni, no more - - - 4 -
The color by the optical density, no more - - 0,35 - 0,60

The Experimental Part

The CHP-250, CHP-30, CHP-470, CHP-52 brandsrocpbraffins have been used, as the substrate (see
the Table No. 1).

The catalyst is presented itself the potassiumenyahe acetic acid and the stearic acid permangana
mixture. So, the manganese salts of the correspgnaktids are usually being formed directly in teaction
mixture during the chlorinated paraffins oxidation.

Thus, the oxidation has been conducted in thssgleactor of the bubbling type values columnhidiy
the diameter 10:1, the 200 ml volume. The air leenlfed through the sparger (e.g. the air flow 8dtémin-kg)),
it has been experimentally established, that, utitese conditions, the oxidation is being proceddedtie kinetic

region, and diffusion inhibition can be neglectétle temperature has been maintained the first 2stat120°C
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for the catalyst complex formation, then the oximfatprocess has been carried out at 102A08he reactor
temperature control has been conducted by the-hemtrier (e.g. glycerol) circulation through tleactor jacket.
The oxidation process passing control has loaered out on the acids content (e.g. the acidbaim
change (e.g. AN, m§OH/ g) over the time, having allowed to be determitiexicarboxyl groups concentration in
the oxidation products). The IR-, NMR-spectroscagyomatography mass — spectroscopy have alreayus=d
for the further additional oxidation products id&oétion.
The Results’ Discussion

The experiments’ results on the chlorinated parafioxidation, having selected grades, are shown in

Figure 1:
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The Figure 1. The chlorinated paraffins oxidatdithe different brands under the same conditions
(The air flow rate 6 I/(mirkg). The catalyst content is 8% (wt.). The temparats 107 — 10€).
1- m—CHP-250, 2-A — CHP-30, 3 - CHP-470, 4x— CHP-52.

It has been found, that the chloroparaffins lith chlorination varying degrees (e.g. CHP-250P&39,
CHP-470, CHP-52) are being given the acid numbeipbua values, under the same conditions of theatixid
process (e.g. the time of 20 hours, the temperafut87-108C, the air flow rate 6 I/( mitkg)).

The special experiments have been conductdtbinhlorinated paraffins oxidation in the preseoicéhe
manganese acetate and the stearate (e.g. catalystye, for the accumulation rate dependence iiyetson of

the acid number (AN) of the catalyst concentration.
It has been found in the univariate experiment the CHP-30 brand chloroparaffin, that the

concentration changing of the catalyst from 4 up%o(e.g. by its weight) is practically resultedlve high rate of

the acid number (AN) accumulation.
Thus, it has been found, that the catalyst cminggon and the hydrocarbon chlorination degreg bea

the control parameters for the chlorinated paraf@iridation process.
So, in this connection, it was interesting to ésablished the mathematical dependence and its

relationship, having resulted in the acid numbeX)YAf the initial parameters: the raw materialsocimation (i)

and the catalyst concentration)degrees:
K9 = f (ng. Ck.)

So, the accumulation average ratheacid number {y) has been calculated by the experimental curves

AN = f(1), which may be regarded, as the average velotityeoreaction.



The statistical analysis of the tiacrate dependence from the process parameterisdeam used for the
mathematical data processing — the paraffin chddiam and the catalyst concentration degrees.dteover, has
been found, that all the experimental data (e.ghénselected range of the catalyst concentratiodsthe paraffin
chlorination degree) are being described by thealinmathematical dependence and its relationshipthi®

following values of the equation coefficients:

KY=K, + K, (rg" Ce)

where AN — the acid number;
K; — the average initial acid number of the reacti@ss) which is equal to 3,941;

K, — the constant, which is equal to 2,092;
row— the average accumulation rate of the acid nurfAisy;

C« — the catalyst concentration (e.g. % weight).
The mathematic expression view liwe implicit form of the rate .4 dependence of the catalyst

concentration and the paraffin chlorination dedraee already been established with the regressialysis using,
which has been shown, that the rate reaction isrithesl by the linear dependence and its relatigngliih the

satisfactory precision (e.g. the average standgudre deviation is made Wpl%) (Figure 2).
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The Figure 2. The acid number (AN) dependenceettntrol parameters.
rp=a+b-ng+ c Gy

At the following regression coefficients values:

a — the regression coefficient, which isadqa 0,01131;

b — the regression coefficient, which isada 1,07594;

¢ — the regression coefficient, which is equalbi@3475;

e — the hydrocarbon chlorination degree (e.g. % tigig

G« — the catalyst concentration (% weight).

The statistical analysis of the obtained ltesuas been carried out for the AN dependencélestanent
of the control parameters in the process of thergtdted paraffins oxidation by the air oxygen,rbgans of the
Statistical Package using for the applied progrpplieation of theDataFit 8.0computer (Figure 3).

So, the already found dependence of the infi@mhmeters acid number (AN) can be presented in the

following form:
I{LI = K1+ Kz[a—l'b 'ncl + c- Gl{t]cl{t
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which is the control one, and it is allowed ®dalculated the acid number (AN), having set titalgst
initial concentration, and the paraffin chlorinatidegree. Since the acid number (AN) is practicddpended on
the catalyst concentration and the accumulatiom oathe acid number (AN) over the time (whichjtgturn, is
practically depended on the catalyst concentratidven the resulting value itself of the acid num@eN) is very
dependent on the catalyst concentration to thenskegower.

Average rate of
acid number increase,r,,

The Figure 3. The average rate dependence of itleamber increase of thg,Catalyst concentration and thg n
hydrocarbon chlorination degree.

The adequacy of the obtained nmatiteal dependence and its relationship to the raxpeat has
already been tested by the additional independgrgranent on the CHP-40 brand chlorinated paradkitiation.
But the special experiments on this chlorinatedaffiar oxidation, at the data preparation for thetmaanatical
treatment, have not been carried out yet. For speréament, the ¢ value, different from those, used in the data
processing, has been selected to be adequacy.tBstetibusly, by the suggested mathematical deperdand its
relationship, it has been calculated the AN (éng.daraffin chlorination degregn 40% (e.g. weight), the catalyst
concentration ¢ =5% (e.g. weight)). The acid number (AN) value bagn made up AN = 10,4 mg KOH/qg,
having calculated, according to the equation. $e, €HP-40 chloroparaffin has already been oxidizethe
special additional experiment, under the followdagditions: the temperature of 107-108the catalyst amount of
5% (e.g. weight), the air flow rate of 6 I/( nmkg) for 20 hours. Then, the oxidate has been obthiny us with the
average acid number of 10,6 mg KOH/g. The adeqdépersion of the supposed mathematical model ban b
made up 3,6% for these indicated conditions.

Thus, the adequacy of the obtaimatdhematical dependence and its relationship@ceperiment in
the selected range of the parameters has alreadydoafirmed.

On the example of the CHP-30 industrial chloridgtaraffin oxidation, it has already been foundy the
stearate — anion presence in the studied catalystem is practically provided to be reached tleemsed acid
concentration in the oxidation products, as congbai¢h the catalyst, having contained only the aieet anion.
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