PECULIARITIES OF RUBBER-OIL INTERACTION UNDER THE CONDITIONS OF COLD CLIMATE
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It was shown that contact of rubbers with oil causes sequential penetration of hydrocarbons having different composition into the elastomer material (quick diffusion of light hydrocarbons takes place during the first day, longer process of penetration of heavier hydrocarbons) and extraction of a plasticizer, which spoils low-temperature characteristics. Modelling of diffusion processes at room temperature was carried out; coefficients of diffusion were determined and technological approaches, which allow reducing wash-out rate of plasticizers were suggested.

Elastomers applied as seals, consolidators and collars under the conditions of the North must meet the requirements of frost resistance, oil and benzene stability. Injection of plasticizers – low molecular weight substances, which promote flexibility and elasticity of the material - is the most widespread method to improve frost resistance of rubbers. However, investigations of climatic stability of rubbers under the conditions of sharply continental cold climate showed that their interaction with hydrocarbon media (oil, mineral oil, lubricants) causes intense wash out of the plasticizers resulting in sharp deterioration of low-temperature characteristics (Fig.1). Since diffusion processes extensively determine efficiency of elastomer units under real operation conditions, it is necessary to carry out their detailed study and modeling. Taking into account complexity of occurring processes, their dependence on temperature, the first stage of investigations should include modeling at constant temperature. The present paper covers the process of swelling of elastomer materials in oil at room temperature using the model of multicomponent diffusion and FITTER software. 
We have chosen swelling degree as a model index for rubber seals, as it is one of the basic ones. It allows controlling the summary process performed at elastomer contacting with the medium and including working medium diffusion and low-molecular weight ingredients washing out. Besides, changes in the rubber swelling degree influences the seal geometry, such as inside diameter, necessary tolerance, etc, and after reaching some definite limits the seal stops executing its functions, operation liquid starts licking.

Rubber samples were placed into oil from Talakan deposit at room temperature and then studied were the changes in their weight depending on exposition time during 4 months (before reaching equilibrium state). Swelling degree was computed from the formula:

                               Q= ((m-m0)/m0) 100% ,                                   (1)

where m0 – sample weight at the initial moment; m – sample weight after swelling.

The experiments showed the presence of the initial stage, which was observed during the first day of exposition of samples in oil, whose presence, more likely, could be explained by quick penetration of light hydrocarbons of oil. Mathematic processing of the results showed that it is this stage, that initiates the process of  the plasticizer – dibutylphtalate – washing out from the rubber volume. Further, simultaneously with the plasticizer washing out, the material swelling occurs, which is ties to diffusion of heavy fractions of oil into the elastomer. To perform mathematical description of diffusion processes in the system “rubber-Talakan deposit oil” we applied a summary equation, suggested by the scientists from SRI of Ecological monitoring SB RAS, which was obtained on the analogy of description of the processes of moisture transtition in the polymer composite materials:
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where Q( - yield swelling degree; (1-Sa) – basic part of diffusion, i.e. penetration of heavy hydrocarbons into the rubber;  K – a part of the rubber weight change due to diffusion of light oil fractions and trace of reaction products, K sign reflects prevalence of one of such processes; (1-Sb) – a part describing accumulation of light hydrocarbons during the first day; exp(-Dc(t) – a multiplier describing the plasticizer extraction from the rubber matrix


[image: image2.wmf]å

=

-

´

=

4

1

2

)

exp(

n

a

n

n

a

F

A

S

a

, где 
[image: image3.wmf])

1

2

(

2

-

=

n

n

p

a

; 
[image: image4.wmf]2

2

n

n

A

a

=

; 
[image: image5.wmf]2

h

t

D

F

a

a

´

=

.


[image: image6.wmf]å

=

-

´

=

4

1

2

)

exp(

n

b

n

n

b

F

B

S

b

, где 
[image: image7.wmf])

1

2

(

2

-

=

n

n

p

b

; 
[image: image8.wmf]2

2

n

n

B

b

=

; 
[image: image9.wmf]2

h

t

D

F

b

b

´

=


Da – coefficient of diffusion of heavy oil hydrocarbons;

Db – coefficient of diffusion of light oil hydrocarbons;

Dc – coefficient of the plasticizer extraction;

t – time of exposition of samples in oil;

h – sample thickness.

The search of the equation (2) coefficients was performed by means of “Fitter” software. Studied were the peculiarities of swelling in oil for elastomer materials with different chemical composition: rubbers based on butadiene-nitrile caoutchoucs with different amounts of acryle acid nitriles BNKS-18 and BNKS-40, their combinations (BNKS-18 and BNKS-40), as well as those based on propylene-oxide caoutchouc (SKPO).

Сomparison of experimental data and modeling results on swelling in oil for rubbers based on butadiene-nitrile caoutchoucs BNKS-40 (Fig. 2) shows that the suggested model is suitable for description of kinetics of the sample swelling. Computed with “Fitter” values of swelling degree correlate with the experimental data. The values of calculated values of diffusion coefficients for processes arising while studied rubbers contacted with the hydrocarbon medium are listed in Table 1.

Table 1

Values of parameters of the mathematic model, which describes the process of swelling of rubbers in oil

	Rubber

Parameter
	BNKS-18
	BNKS-18+zeolites
	BNKS-40
	BNKS-18+BNKS-40
	SKPO

	Q(, %
	-0.06
	4.02
	-4.11
	2.21
	19.67

	K
	-2.12
	-52.73
	0.89
	-16.2
	0.35

	Da, mm2/day
	13.89
	0.11
	0.73
	0.06
	19.00

	Db, mm2/day
	12.39
	0.03
	1.48
	0.05
	15.30

	Dc, mm2/day
	1.11
	0.80
	0.061
	0.97
	2.75


Results of modeling of swelling degree for studied rubbers allow comparing calculated values of diffusion coefficients with their basic operational characteristics. The degree of swelling of an elastomer material in hydrocarbon media is, first of all, determined by presence of polar groups in its composition. For example, rubbers based on BNKS-40 perform higher oil and benzene stability compared to those based on BNKS-18 due to different amounts of nitrile acid acryle in the copolymer (40 and 18 weight percent, respectively). Diffusion of hydrocarbons of oil into the elastomer material based on BNKS-40 will occur slower compared to those based on BNKS-18, which is confirmed by the obtained results: values of diffusion coefficients for light and heavy fractions into rubber based on BNKS-40 are lower (Table 1). Rubbers based on new propylene-oxide caoutchouc perform higher frost resistance (Tc  = -74(C), but, due to low polarity 

degree, their swelling in the hydrocarbon media is stronger compared to rubbers based on butadiene-nitrile rubbers. Rubbers based on SKPO unlike those based on
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Fig. 1. Dependence of frost resistance coefficient at -50(C (1), plasticizer contents (2) in B-14 rubber and ambient temperature (3) on duration of detention in oil under the conditions of in-cite exposition.
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Fig. 2. Kinetics of swelling for rubbers based on BNKS-40 in oil from Talakan deposit at room temperature: points – experimental data; line – a model; dotted line – reliable interval

 BNKS contacting with oil perform the process of swelling prevailing upon plasticizer washing out (Q(=19.67%), which corresponds to obtained higher values of diffusion coefficients (Table 1).

Hereby, obtained computational data correspond to theoretical assumptions on structure and properties of rubbers and the experiments carried out at room temperature. There also is a correlation between calculated values of diffusion coefficients and the rubber behavior under the conditions of combined impact of climatic factors and oil. Now one is able to optimize sealing rubber composition at the stage of laboratory development and avoid nature experiments, which will allow saving significant amounts of time, ingredients and efforts. In this case the recipe of the material is developed, its basic properties are investigated at room temperature, modeling is carried out, corrections are made, and the most “successful” materials performing balanced set of properties, are placed to in-cite exposition. Correctness of this method can be conformed by the following example.

Modification of rubbers based on BNKS-18 by natural adsorbents – zeolites from the Yakut deposits changes greatly operational properties of produced rubbers. Zeolites perform high adsorption capacity, participate in the process of the material vulcanization, which leads to thickening of the surface net of chemical bonds and reduction of swelling degree in the hydrocarbon media. Calculated values of diffusion coefficients Da, Db and Dc for modified rubbers are lower compared to unmodified ones (Table 1), so one can make a conclusion that modification of rubbers based on BNKS-18 with zeolites significantly slows down diffusion processes within the system “rubber-oil medium”. The results of in-cite exposition in oil under the conditions of Yakutsk, the rubber modified by natural zeolites performed higher stability of operational parameters after 2 years of exposition compared to initial rubber.

Therefore, studied were the peculiarities of interaction of rubbers of different chemical composition with multi-component hydrocarbon media; using “Fitter” software carried out was the modeling of diffusion processes occurring at contacting of the material and oil; computed were the diffusion for different oil fractures. It was shown that the data obtained in the process of investigation of diffusion processes for the system “rubber-oil” at room temperature correlate with the data obtained while studying rubber properties under complex impact of oil and ambient temperatures. Injection of adsorbents into the rubber composition, application of mixtures of elastomers, one of which has higher oil and benzene stability and prevents quick penetration of hydrocarbon media into the material, allow slowing down diffusion processes and washing out of a plasticizer from the rubber matrix.
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Сводн.табл.

		Марка резины		7257-6		В-14-1-К		129-К-2

		Каучук		БНКС-18		БНКС-18		БНКС-40

		M		-1.4741862783		5.0290025779		-4.1083830082

		K		4.6942540416		1.1499018319		0.8856264833

		Da		1.5284753627		0.0802742635		0.7333667772

		Db		0.8205543455		0.3656458379		1.4831497017

		Dc		1.2301569046		0.0324149273		0.0614855867

		Mo		-1.2631694643		0.7155714836		-0.6281925372

				-1.4396378119		-1.5087347447

				4.9128598122		4.475648271

				1.5346900634		1.522260662

				0.8000337933		0.8410748977

				1.2333841519		1.2269296574

				-1.297772396		-1.2285665325





7257-6

		t		h		m		fit		lc		rc

		0		1.581		0		-0.025467977		-3.3968165784		3.3458806244

		0.08333		1.579		0.085681		-0.1266144751		-3.035291382		2.7820624318

		0.16666		1.574		-0.2607		-0.1494701596		-1.9578665648		1.6589262456		M

		0.25		1.578		-0.48737		-0.1952219621		-2.1166723584		1.7262284343		M		-1.5087347447

		0.3333		1.576		-0.35892		-0.263399619		-2.6447279782		2.1179287402		K		4.475648271

		1		1.71		-0.73969		-1.208211985		-4.1470543316		1.7306303617		Da		1.522260662

		2		1.707		-2.13486		-2.1772209788		-5.0695300417		0.715088084		Db		0.8410748977

		3		1.712		-2.62978		-2.5574383746		-4.1017938675		-1.0130828816		Dc		1.2269296574

		4		1.838		-3.42671		-2.6765488615		-5.1513943973		-0.2017033257		Mo		-1.2285665325

		5		1.703		-4.08241		-2.7211188967		-3.6789623048		-1.7632754886

		6		1.694		-5.58029		-2.7325823819		-3.7115409022		-1.7536238615

		7		1.821		-4.69338		-2.7356159508		-3.7164548638		-1.7547770378

		8		1.695		-4.75843		-2.7368984032		-3.7276546955		-1.7461421109

		15		1.697		-3.79382		-2.7373012047		-3.7298124293		-1.74478998

		22		1.703		-2.81883		-2.7373012772		-3.7298127694		-1.7447897851

		29		1.704		-2.00755		-2.7373012772		-3.7298127694		-1.7447897851

		62		1.71		-0.79921		-2.7373012772		-3.7298127694		-1.7447897851

		92		1.703		-0.48217		-2.7373012772		-3.7298127694		-1.7447897851

		123		1.717		-0.32365		-2.7373012772		-3.7298127694		-1.7447897851

		153		1.718		-0.1769		-2.7373012772		-3.7298127694		-1.7447897851

		M		11.1073877887

		K		-2.3320450128

		Da		0.0414091458

		Db		-0.0244561495

		Dc		0.3533134501

		Mo		-5.4909229759
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B-14-1-K

		t		h		m		fit		lc		rc

		0		1.903		0		-0.1264056057		-0.3232915635		0.0704803521

		0.08333		1.884		-0.22607		-0.1491032876		-0.3149288631		0.016722288		M

		0.16666		1.884		-0.18839		-0.1754989741		-0.3265336518		-0.0244642964		M		5.0290025779

		0.25		1.879		-0.30143		-0.2052518605		-0.3526117104		-0.0578920106		K		1.1499018319

		0.3333		1.871		-0.11304		-0.2380009377		-0.3882624945		-0.087739381		Da		0.0802742635

		1		1.466		-0.93583		-0.8038646736		-1.011957475		-0.5957718721		Db		0.3656458379

		2		1.456		-1.27005		-1.2671070206		-1.46705404		-1.0671600012		Dc		0.0324149273

		3		1.457		-1.20321		-1.431693207		-1.6054498227		-1.2579365913		Mo		0.7155714836

		4		1.486		-1.40374		-1.3971499483		-1.5532416531		-1.2410582435

		5		1.463		-1.40374		-1.2620457978		-1.4139849852		-1.1101066105

		6		1.36		-0.66845		-0.9548576248		-1.1476590479		-0.7620562018

		7		1.469		-1.06952		-0.8096411182		-0.964325504		-0.6549567324

		8		1.473		-0.66845		-0.5519141091		-0.7145249549		-0.3893032633

		15		1.483		1.06952		1.1387669819		0.910652109		1.3668818548

		22		1.489		2.473262		2.3395418103		2.136794302		2.5422893186

		29		1.493		3.342242		3.1758706522		2.9645119953		3.3872293091

		62		1.507		4.812834		4.9512465846		4.7029723097		5.1995208596

		92		1.501		5.280749		5.4502316799		5.2818444232		5.6186189366

		123		1.503		5.614973		5.637190813		5.4344938723		5.8398877537

		153		1.508		5.882353		5.7039917002		5.462899128		5.9450842723



m=M*((1-Sa)-K*(1-Sb)*exp(-Dc*t))+Mo
n1=(0.5*PI*(2*1-1))^2
n2=(0.5*PI*(2*2-1))^2
n3=(0.5*PI*(2*3-1))^2
n4=(0.5*PI*(2*4-1))^2
Fa=Da*t/h/h
Fb=Db*t/h/h
A1=2*exp(-n1*Fa)/n1
A2=2*exp(-n2*Fa)/n2
A3=2*exp(-n3*Fa)/n3
A4=2*exp(-n4*Fa)/n4
Sa=A1+A2+A3+A4
B1=2*exp(-n1*Fb)/n1
'B2=2*exp(-n2*Fb)/n2
'B3=2*exp(-n3*Fb)/n3
'B4=2*exp(-n4*Fb)/n4
Sb=B1
'+B2+B3+B4
M=?
K=?
Da=?
Db=?
Dc=?
Mo=?
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129-K-2

		t		h		m		fit		lc		rc

		0		1.603		0		-0.1460179294		-0.5703843693		0.2783485106

		0.08333		1.5986		-0.36514		-0.3297113206		-0.6168969045		-0.0425257366				M

		0.16666		1.5926		-0.38948		-0.3396863334		-0.5693970554		-0.1099756114				M		-4.1082544922

		0.25		1.594		-0.5112		-0.3165297671		-0.575951616		-0.0571079181				K		0.8857871501

		0.3333		1.5986		-0.31646		-0.2899358691		-0.599125964		0.0192542258				Da		0.7338217414

		1		1.6873		-0.17087		-0.3170747271		-0.6669797837		0.0328303295				Db		1.4836987315

		2		1.6773		-0.64087		-0.7926533445		-1.140620682		-0.4446860069				Dc		0.0614970738

		3		1.68		-1.32422		-1.2746968746		-1.6042620201		-0.9451317291				Mo		-0.6282977823

		4		1.684		-1.70867		-1.6452690697		-1.9001103221		-1.3904278173

		5		1.6746		-1.83682		-1.9320156372		-2.1674041264		-1.6966271481

		6		1.6713		-2.52		-2.1530377144		-2.4132364976		-1.8928389313

		7		1.6706		-2.05041		-2.3351610866		-2.6136697352		-2.056652438

		8		1.67		-2.05041		-2.4931486345		-2.7755229605		-2.2107743085

		15		1.668		-3.33191		-3.2896916226		-3.5743089566		-3.0050742885

		22		1.6733		-3.80179		-3.7959300018		-4.1301837142		-3.4616762894

		29		1.6653		-4.14353		-4.1249636845		-4.452416394		-3.797510975

		62		1.6566		-4.78428		-4.6561810386		-4.8959152715		-4.4164468057

		92		1.656		-4.69885		-4.7238504692		-4.9994771237		-4.4482238147

		123		1.6786		-4.5707		-4.7346646204		-5.024689538		-4.4446397028

		153		1.662		-4.78428		-4.7362539512		-5.0293877303		-4.443120172



m=M*((1-Sa)-K*(1-Sb)*exp(-Dc*t))+Mo
n1=(0.5*PI*(2*1-1))^2
n2=(0.5*PI*(2*2-1))^2
n3=(0.5*PI*(2*3-1))^2
n4=(0.5*PI*(2*4-1))^2
Fa=Da*t/h/h
Fb=Db*t/h/h
A1=2*exp(-n1*Fa)/n1
A2=2*exp(-n2*Fa)/n2
A3=2*exp(-n3*Fa)/n3
A4=2*exp(-n4*Fa)/n4
Sa=A1+A2+A3+A4
B1=2*exp(-n1*Fb)/n1
'B2=2*exp(-n2*Fb)/n2
'B3=2*exp(-n3*Fb)/n3
'B4=2*exp(-n4*Fb)/n4
Sb=B1
'+B2+B3+B4
M=?
K=?
Da=?
Db=?
Dc=?
Mo=?
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Время выдержки в нефти, сутки

Q, %
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Температура, С

Км при -50С

Содержание ДБФ, %

Duration of exposition in oil, months

Km at -50С

Contents of DBP, %
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Лист1

						Температура, С		Км при -50С		Содержание ДБФ, %								Температура, С		Содержанияе ДБФ, %				Км при -50С

				0		-7.4		0.325		100						0		-7.4		100				32.5

				2		15.4		0.019		24.8447204969						2		15.4		24.8447204969				1.9

				4		14.8		0.015		40.9937888199						4		14.8		40.9937888199				1.5

				6		-7.9		0.0125		28.5714285714						6		-7.9		28.5714285714				1.25

				8		-39.8		0.019		26.0869565217						8		-39.8		26.0869565217				1.9

				10		-35.5		0.013		20.4968944099						10		-35.5		20.4968944099				1.3

				12		-7.4		0.0186		22.3602484472						12		-7.4		22.3602484472				1.86

				14		15.4		0.0685		47.8260869565						14		15.4		47.8260869565				6.85

				16		14.8		0.0518		27.950310559						16		14.8		27.950310559				5.18

				18		-7.9		0.034		29.8136645963						18		-7.9		29.8136645963				3.4

				20		-39.8		0.0234		32.9192546584						20		-39.8		32.9192546584				2.34

				22		-35.5		0.0288		17.3913043478						22		-35.5		17.3913043478				2.88

				24		-7.4		0.015		34.7826086957						24		-7.4		34.7826086957				1.5
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Температура, С

Км при -50С

Содержание ДБФ, %

Продолжительность выдержки в нефти, мес.
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