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ABSTRACT

Homopolymer of the prepared dodecylmethacrylate NI2) monomer was synthesized and a series of copodyof it
were prepared by varying the ratio between theremte vinyl acetate (VA) by free radical polymetiaa using BZP as
initiator. The synthesized polymers were charagtati by spectral studies (FT-IR and NMR) and by pgemeation
chromatography (GPC). Thermogravimetric analysi&f) was used to investigate the thermal behavidtne polymers
at high temperature. Performances of the polymsradditives, and their responses as PPD and viscasodifiers in the
base oil were evaluated by standard ASTM method®rims of pour point and viscosity index. Wax afighation
behaviour of the additives was examined byphotaagiaphic image. The copolymers showed better thestability,
better flow improving efficiency and induced betticosity modification than the homopolymer. ltiso observed that
the viscosity modification and the pour point perfance of the additives depend on the concentratfdhe additives in
the base fluid.
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INTRODUCTION

The lubricating oil, also called the base olil, li tmain ingredient of lubricants but is usuallycessted with many
performance limitations. Hence, they are blendeth wome specialty chemicals called additiveAmong the various
important additives, PPDs and VMs are of prime irtgnace for the effective formulation of the lubm¢dor their field

application.

Poly alkyl acrylates, poly alkyl methacrylates, retye butadiene copolymers are some of the widedd us
additives applied in specific composition and aetture for improving the tribological propertief lobricating oils2
However, most of the reported additives developethgfunction either simply as VM or as PPD. Morenwespite their
promising properties, only few of them have beeal@ated as multifunctional additives. Thereforegcamtinuation of our
endeavour to further explore this area of chemiatrg to construct the effective multifunctional fpemance additives at
reduced cost, this investigation is an attempt @teigmine whether a combination of,Gcrylate and VA group can
suitably control both the viscometric and low tengpere properties of the base fluid. This presemtkwthus reveals the

synthesis, characterization and performance evatuaif additives based on the copolymers of longirthdodecyl
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methacrylate and VA. A comparative assessment @&if fherformances as additive in contrast to the duotymer of

dodecylmethacrylate was also studied.
EXPERIMENTAL
Materials Used

Methacrylic acid was obtained from SRL Pvt., L{tihdia). Dodecylalcohol (DDA) and hexane were fr8nD Fine-Chem
Ltd., (India). Vinyl acetate (VA) was purchasedrfrddcros Organics and methanol was from Thomas B@&kemicals
Pvt., Ltd., (India). Toluene and,HO, were obtained from Merck Specialties Pvt., Ltthd{a). Benzoyl peroxide (BZP)
obtained from Spectrochem Pvt., Ltd. (India) wasrystallized from CHGHCH;OH before use. Other chemicals were
used as received. Mineral base fluid (SN1) wasiobtafrom Indian Oil Corporation Ltd. (IOCL), Indidhe properties of

the base fluid are provided as footnote of table 1.
Instrumentations
FT-IR and NMR Spectroscopy

Shimadzu FT-IR 8300 (Japan) spectrometer was us#dnwthe wavenumber range of 400 to 4000 tat room
temperature for recording the IR spectra, usingndm KBr cells. The NMR spectra were recorded inkBruAvance 300

MHz (Germany) FT-NMR instrument using CQ3@Is a solvent, TMS as reference and 5 mm BBO probe.
Gel Permeation Chromatography (GPC)

The average molecular weight (number-average arighivaverage) of the additives were measured inevgafUSA)
GPC equipment using HPLC grade THF as eluent ahremnperature. The system was fitted with a 24fr&ctve index
detector (polystyrene calibration) and Waters 5P3.@ pump. The PDI (IW/M,) was also calculated by GPC.

Thermogravimetric Analysis (TGA)

The thermo-oxidative stabilities (TGA) or the dequosition pattern of the prepared additives in arevdetermined by a
Shimadzu TGA-50 (Japan)thermo gravimetric analyasea, heating rate of 10 °C rifinThe percent weight loss (PWL) of
mass (of the additives) with rise in temperature wsed to measure the thermal stability of thetaddi The PWL was

measured by the equation,
PWL = [(Mg — M1)/M¢] x 100 eq. (1)

Where My is the original mass taken amd, is the remaining mass after the test. The indietomposition

temperature and the temperature of completion odiahposition of the additives were obtained fromTi®@A curve.
Photo Micrograph and Wax Modification

The effectiveness of an additive in controlling tngstallization of wax can be studied by photonmigaphic image of the
base fluid. A Banbros polarizing microscope (BPIOBO India), with magnification 200X, was used todt the wax

modification of the base fluid. The microscope wads0 attached with a cooling thermostat to corttnel temperature at
0°C.
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Performance Evaluation as Pour Point Depressants iBase Oil

The effect of additive concentration on pour pafitthe lube oil was tested by using different dgpsoncentrations
ranging (1% to 5% (w/w) for each of the preparetyper according to the ASTM D 97-09 method. Theippoints of

the prepared solutions were measured using clodighaar point tester model WIL-471 (India).
Evaluation of Viscosity Index

An Ubbelohde viscometer was used here to deteritiieeVI of the additive doped base fluid. The viseten was
thoroughly dried and calibrated with triply distdl, degassed water and purified methanol at theergwental
temperatures (40°C and 100°C) to determine theevafithe viscometric constaft§ he variation of kinematic viscosity
(v) of oil with the change of temperature, was evi@daccording to the equation,

v=(Kt=L/t)p eq. (2)

Wherep is the density of experimental solutianjs the time of flow of the solution and K and Leathe
viscometric constaritsThe densities of the experimental solutions wisermined with a vibrating-tube density meter
(Anton paar, DMA 4500 M, Austria) and the time &ivf was recorded with a digital stopwatch. The Which reflects
the variation of kinematic viscosity of oil with@hchange of temperature, was calculated accor@din§STM D2270

method at five different doping concentrations @¢iag between 1 to 5%) of the additives accordinthéoequation,
VI = 3.63(60-10) eq. (3)
andn was determined by the equation,
n=(In vy— In K)/In v, eq. (4)

Where viand v, are the kinematic viscosities of the additive dbpml at lower and higher temperature

respectively. For the given temperature rangeyéthee ofk was determined to be 2.714
Preparation of Ester (Monomer) and Its Purification

The ester (dodecyl methacrylate, DDMA) was prepdrngdeacting 1.1 mol of methacrylic acid with 1 nudl dodecyl
alcohol using concentrated sulphuric acid as alys#fa0.25 % hydroquinone with respect to the totdctants as
polymerization inhibitor, and toluene as a solvéiite method of esterification and its purificatiware carried out by the

process as reported in the earlier publicdfion
Preparation of Polymers

The polymers (homo and copolymers) were preparedrd®y radical polymerization (schemel) at differpetcentage
composition of monomers (table 1) in presence oPB& initiator (0.4% w/w, with respect to the tatadnomer). The
process of polymerization and purification of pobmmwas carried out by the procedure as reporteduin earlier

publicatior.
RESULTS AND DISCUSSION
Molecular Weight Analysis

From the experimental values of,MVl,, and PDI (polydispersity index) of the prepared band copolymers(as tabulated

below, table 1), it is clear that on increasing pleecentage of vinyl acetate in the copolymer feeith the number average
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molecular weight and weight average molecular wegghdually increases. The DDMA-VA co-polymers éoand less

dispersed than the DDMA homopolymer.
Spectroscopic Analysis

The homopolymer of dodecyl methacrylate shows IBogition band at 1735.8 cthcorresponds to the ester carbonyl
group. For the copolymers of dodecyl methacrylaté @nyl acetate (P-2 to P-5) the IR spectrum shibtie following
absorptions: Peaks at 1732.9tend 1716.5 crhindicate the presence of ester carbonyl groupisiH NMR spectra,
the homopolymer showed the presence of the metityhaethylene protons in the range of 0.89 to 1238 for all alkyl
groups and a broad peak at 3.93 ppm for the praddbrOCH, group. Absence of any peak in the range of 5-6 ppm
confirms the absence of any’dyydrogens in the system and hence indicated theecsion of the monomer in to the
polymer. In the'H NMR of the DDMA-VA copolymers, a broad peak a3.-4.16 ppm indicated the protons of —QCH
and —OCH groups. The hydrogen atoms attached focapbons appeared in the range of 0.86 ppm to#6# Absence

of any peak in the range of 5-6 ppm confirmed threversion of the homopolymer in topolymerisationcassfully.

In *C NMR of the homopolymer, the peaks at177.54 ppdicated the presence of ester carbon. The peaks at
65.03 ppm and 64.88 ppm confirmed the presenc®©@H, carbon and peaks in the range of 14.16-45.12 moouated
for all sp’ carbon atoms of alkyl groups. Absence of sprbon and hence total polymerization was confiftbg the
absence of any peak in the range of 120-150 ppriCINMR of the copolymers of vinyl acetate the peaks 176.60 -
176.70 ppm were due to the presence of ester cdrigooup. The peaks at 64.66 - 65.06 ppm corresportd the —
COCH, methyl carbon and —OGHtarbons, peaks ranging from 14.08-45.09 ppm foothkr sp carbons. Absence of
peak in the range of 120-150 ppm indicated theratesef sp carbons and confirmed the polymerization.

Analysis of Pour Point Values

The experimental values of pour point are givetable 2. The values suggest that all the prepaogdners (P-1 to P-5)
can be used effectively as pour point depress&R®] or flow improvers (FI) for base oil. The copukrs (P-2 to P-5)
are better than the homopolymer (P-1) as FI. Bl warying concentration, the pour point valuesnas linearly co-
relate. The vinyl acetate copolymers (P-2 to PHowged better results than the homopolymers of DDNRese polymers
are better as FI and may be due to the presenaeetdite group in the polymer backbone which redtimsadsorption of
the polymer molecule on the wax cryst§labdel-Azim et al., 2005) that happened in casélaifDDMA homopolymer
architecture. The P-3 copolymer having 5% (w/w)yViacetate proved to be the best flow improver agnafi the
prepared polymers. At 5% concentration this polysteswed lowest pour point of@. Polymers with higher molecular

weights especially P-5 showed comparatively posults. It may be because of their low solubilitytlie base oil.
Analysis of the Influence of Additives on Viscosityndex Value

The data presented in table3, compared the depeadsdrthe VI values with the nature and on the eoatrations of the
additive, and the results indicated that all theppred additives effectively modified the viscogitpperties of the base
fluid. The additive DDMA homopolymer showed thedeaiscosity modification and with the increaseVi# content in
the additive feed, the VI values are found to gsadually in case of the copolymer. For any visyosiodifier, the
potential to improve the VI relies on the conduttte additive molecules in the base fluid, wheagenolecular weight,
solubility and chain topology are crucial 8parameté Also, the viscosity of the base fluid dependsttuetemperature,

where with an increase in temperature, the visgasitrmally decreasésVarious researchers suggested that at low
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temperatures, the additive molecules is poorlyldelin the base fluid and remain in a round coilpcconformation with
a minimal effect on the base fluid viscosityBut with the increased solubility and interactletween the additive chains
and the solvent molecules at higher temperatuseatiditives change its shape from tightly coilednftated spread out
ones. This successfully thickens the oil and casntiee normal reduction in viscosity of the basedflwith increasing
temperaturé”. Here the DDMA-VA copolymer additive with 10% VAootent in the feed, P-5 showed the highest VI
increment, and this outcome is possibly due to driglegree of solvation and enhanced interactiahefdditive having
non polar ends with the paraffinic base fluid. ®e pbther hand, the additive DDMA, which only cotsisf dodecyl
methacrylate monomers, has more polar charactepaed with the others. Due to this polar nature,atiditive has less
interaction with the base fluid and, therefore, halesser solvated volume, consequently leavinwith the lowest VI
among othefs Moreover, in accordance with our earlier publmatthe VI values become more pronounced on isimga
the overall additive doping percentage in the age. This is because of the fact that the inceeimsconcentration of the
additive leads to an increase in total volume & polymer coils. This inflated coils, together witeir increased
interaction with the base fluid leads to greatéckitning effect and subsequently increases thevsiscindex of the base

stock?.
Analysis of the Photo Micrographic Image

A comparison of the photo micrographs of pure Hasd and the base fluid blended with different yokric additives
indicated that the original base fluid (pour point6°C) showed long rod liked wax crystals in itsofp micrographic
image whereas additive doped base oils (4%, w/atisol) showed a significant reduction in the shapé size of the wax
crystals in their images. Thus, the reduction ia $size of wax crystals seems to be responsiblérfproving the pour

point values. Hence, the pour point values obtagaatier are in complete correlation with the waodification results.
CONCLUSIONS

It conclusion, the copolymer of dodecyl methaceylatith vinyl acetate are found effective as muitiftional additive
(flow improver and viscosity improver) for the lub#&. Moreover, it was also found that copolymeiighniower molecular
weight are more effective as flow improver thanagmers with higher molecular weight. Therefore l@calar weight of
polymer has a significant role in relation to thefprmance of the polymers as flow improvers fdrdwil. In addition, the

VA copolymer induced excellent VM properties aslwéien added to the base oil.
ACKNOWLEDGEMENT

The authors thank Indian Oil Corporation Ltd., {gdfor providing base oil and UGC, New Delhi faopiding financial
support.

REFERENCES

1. Mortier RM, Fox MF, Orszulik ST, Chemistry and Teallogy of Lubricants, Springer, Heidelberg, USA)1Q)
3rd edn.

2. Czech Z, Kowalczyk A, Kabatc Swiderska J, Thermal Stability of Poly(2-ethylhexdrylates) used as
Plasticizers for Medical Application. Polym Bul 72013) 1911-1918.

3. Zhang J, Wu C, Li W, Wang Y, Han Z Study on Pedno® Mechanism of Pour Point Depressants with
Differential Scanning Calorimeter and X-ray Difftaan Methods. Fuel, 82 (2003) 1419-1426.

www.iaset.us an@iaset.us



86

Dibakar Roy, Sujan Paul & Pranabhosh

4. Fang L, Zhang X, Ma J, Zhang B Investigation int®@ur Point Depressant for Shengli Crude Oil. IndgE
Chem Res, 51 (2012) 11605-11612.
5. Kuzmé AE, RadoSeviM, Bogdané G, Sra V, Vukou R, Studies on the Influence of Long Chain Actigiters
Polymers with Polar Monomers as Crude Oil Flow honer Additives, Fuel, 87 (2008) 2943-2950.
6. Karmakar G, Ghosh P, Soybean Oil as a BiocompatMldtifunctional Additive for Lubricating Oil, ACS
Sustain Chem Eng, 3 (2015) 19-25.
7. Abdel Azim A A, Amal M N, Nehal S A, Rasha S IgdiN& I, Preparation and Evaluation of Acrylate fAokers
as Viscosity Index improves for Lube Qil, Pet Sxihl 23 (2005) 537-546.
8. Strate GV, Struglinski MJ Polymers as Lubricatini-@iscosity Modifier. In: Schultz DN, Glass JE ¢¢d
Polymers as Rheology Modifiers. ACS SymposiumsS¢tig91).
9. Chanda M Introduction to polymer science and chamig problem solving approach, CRC Press, BoctoRa
(2013) 2nd edn.
10. Nassar AM, The behavior of Polymers as Viscosigximprovers. Pet Sci Tech, 26 (2008) 514-522.
11. Abdel-Azim A, Nasser AM, Ahmed NS, Kamal RS, Mudtional Lube Oil Additives based on Octadecene-
maleic anhydride Copolymer, Pet Sci Tech, 29 (2@¥1107.
12. Abdel-Azim A A A, Abdel-Aziem RM, Polymeric Adektifor improving the Flow Properties and Viscositglex
of Lubricating Qils, J Polym Res,8(2001) 111-118.
FIGURE
Preparation of ester:
H,C —— C—— COOH C1oHy<OF HQ/H™ H,C —— C—— COOC;H5s + H.O
tOEREstE T 0 2
CHj CHj,
Methacrylic acid Dodecanol Dodecyl methacrylate
m 1 risation: ’/ COOC,Hss
n H,C == C—— COOC;H,;s ESZ‘:C - CH, (|~
CHj; { CH;
COOC,Hys
n H,C == C—— COOCsHys + n H,C == CH SBSZFC CHz—cL— CH, — CH
CH; OCOCH; |CH3 OCOCH; | ,
Vinylacetate

Impact Factor (JCC): 6.3238

Figure 1: Scheme 1
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TABLES
Table 1: Percentage composition, I} M, and PDI values of polymers (P-1 to P-5)
P-1 100 - 20482 49682 2.4256
pP-2 97.5 2.5 22475 33018 1.5300
P-3 95 5 24613 35842 1.4920
P-4 92.5 7.5 54766 66210 1.1640
P-5 90 10 60790 81219 1.3100

DDMA = Dodecyl methacrylate, VA = Vinyl acetate,,M Number average molecular weight, M Weight
average molecular weight, PDI = Polydispersity inde

Table 2: Pour Point Data with Respect to the Diffeent Concentrations of the Additives in Base Oil*

P-1 24 13.5 12.9 12.2 11.5 10 ]
P-2 24 8 7.8 7.5 8.1 9.2 10
P-3 24 7.5 6.5 6.0 55 4.0 4.5
P-4 24 8.5 8 7.5 8.0 8.5 9
P-5 24 10.0 10.5 12 12.5 13 13.8

* Properties of the base oil - Density (g:Onat 40 °C: (B55; Viscosity at 100 °C in cSt:®9; Viscosity index:
86; Pour point, °C: -6

Table 3: Viscosity Index Data with Respect to the ifferent Concentrations of the Additives in Base Qi

P-1 86 89 92 102 111 116 120
P-2 86 94 101 107 119 121 126
P-3 86 98 118 123 127 131 135
P-4 86 112 126 128 131 135 139
P-5 86 118 129 130 132 137 138
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