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ABSTRACT

properties in lubricants. Polymers, as viscosity index improvers, are

important additives in oils to improve their viscosity at different temperatures.
Polymethacrylic esters due to their structural properties in comparison with other
polymers are the best choice as special lubricants.
Methods: The synthesis and solution polymerization of methacrylate esters have been
conducted to end use as viscosity index improver in lubricants. Methacrylic acid esters
were synthesized by reacting methacrylic acid with primary alcohols like hexanol,
octanol, decanol and dodecanol in presence of sulfuric acid, heptane solvent and
hydroquinone as a radical polymerization inhibitor. The structure of the synthesized
esters was determined by spectroscopic methods. Further, the radical polymerization
of these ester monomers was carried out in toluene. The effect of temperature, initiator
amount and monomer percentages on molecular weight of polymers was investigated.
Finding: The results show that by changing the initiator amount from 0.25 to 1.5%,
the molecular weight of polyhexylmethacrylate at 6.8x10* was dropped to 2.9x10*g/mol.
Also, in polymerization reaction, it is shown that the molecular weight of poly(hexyl
metacrylate) decreases with increasing temperature and the reduction in monomer
content. TGA and DSC studies show that with increasing the length of the alkyl chain
of the ester group, the thermal stability and glass transition temperature of the prepared
polymers are decreased. By studying the rheological properties of polymethacrylate
esters in two different base oils, the effect of polymer concentration and ester chain
length was noted in relation to oil viscosity index.

Hypothesis: A wide range of additives can be utilized to create desirable
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Table 1. The specification and physical properties of raw material.

Raw material CAS Number M, (g/mol )
Metacrylic acid 79-41-4 86.06
1-Dodecanol 112-53-8 186.34
1-Decanol 112-3-1 158.28
1-Octanol 111-87-5 130.23
1-Hexanol 111-27-3 102.18
Heptane 142-82-5 100.2
Toluene 108-88-3 92.14
AIBN 78-67-1 164.21
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Table 2. The physical properties of base oils SN-150 and SN- 350.

Physical property SN-150 OllSN-350
Kinematic viscosity (cSt, 40°C) 37.7 70.2
Kinematic viscosity (cSt, 100°C) 5.9 9.7
Pour point (°C) -3 -1
Flash point (°C) 190 215
Specific gravity (kg/m?) at 16°C 868 887
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Table 3. The data of decylmethacrylate FTIR spectrum.

Stretching vibration Wavenumber (cm™)
C-H aliphatic 2850-3000
C=0 ester 1722
C=C alkene 1639
—CH,— bending 1467
—CH, bending 1376
C-O alcohol 1165
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Fig. 2. "H NMR spectra of decylmethacrylate (D,) and meth-

acrylic acid.
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Fig. 1. FTIR spectrum of synthesized decylmethacrylate.
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Fig. 3. Distribution of molecular weight of poly(hexyl
methacrylate) at temperature 70°C, 0.25 wt% initiator, and

90 wt% solvent.
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Table 5. GPC analysis results of synthesized polymers at
same condition, temperature 70°C, 0.25 wt% initiator, and

90 wt% solvent.

Polymer M (g/mol) | M (g/mol)
Poly(hexyl methacrylate) (H,) 34000 64000
Poly(octyl methacrylate) (O,) 33000 61600
Poly(decyl methacrylate) (D,) 31600 60200

Poly(dodecyl methacrylate) (C,) 29300 58000
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Table 4. The efficiency of synthesized esters from methacryl-

ic acid and related alcohols.

Ester Efficiency (%) Produced water (wt%)
H 96.6 20.23
(0} 93.3 19.51
D, 91.3 19.12
C, 86.7 18.14
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Table 7. GPC analysis result of poly(hexyl methacrylate) at the

different percent of solvent, temperature 70°C, and 0.25 wt%

initiator.
Polymer Solvent (wWt%) M (g/mol) | M_ (g/mol)
H 90 34000 64000
H, 80 38500 77100
H, 60 78300 178000
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Table 8. GPC analysis result of poly(hexyl methacrylate) at the

different temperature, 0.25 wt% initiator and 90 wt% solvent.
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Table 6. GPC analysis results of poly(hexyl methacrylate)
at the different percent of initiator, temperature 70°C, and

90 wt% solvent.

Polymer | Temperature (°C) | M_(g/mol) | M_ (g/mol) Polymer | Initiator (Wt%) | M, (g/mol) | M_ (g/mol)
H, 60 42300 72500 H 0.25 34000 64000
H, 70 34000 64000 H, 1 13800 34100
H, 80 12000 34900 H, 1.5 8800 28900
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Table 10. DSC analysis result of synthesized poly(alkyl

methacrylate)s.
Polymer Tg (°C)
H, -11
0} -23.9
D, -43.1
C, -53.6
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Fig. 4. TGA thermogram of synthesized poly(alkyl methacrylates):

(O,) poly(octyl metacrylate), (D,) poly(decyl metacrylate), (H,)
poly(hexyl methacrylate), and (C,) poly(dodecyl methacrylate).

el on i sl glabes 3 (8, 5 0 ey IS sba &S
WLl andls (6 i oMl 5 o S Sles ey S a0 s
3 ash b 2l ol gl s sy ol S 0 e o
O35l ) @l bl 2 a8 el o 2 350 O 55518
She e 2l S oIl sl (O Ske Jo58)  eols 0L

Wl (g Sl 1l ol s

(DSC) Aol (93 (Poimslo 5
Slated QU sles sz 5 s DSC Oge3l ploil 51 s
(e Sk LS L gl DSC Lesl b womls oy (T))
3 D) (M Sk fews) (O (e Ske JSH L «(H)

5 S Sla LS L TGA 05051 s -8 It

Table 9. TGA analysis result of synthesized
poly(alkylmethacrylate)s.
Polymer | IDT(°C)* | T, (°C)* | T (°C) | T,(°C)
H, 212.4 260.2 306.7 476.5
0, 210.4 258.2 303.1 4747
D, 207.7 256.1 299.2 4714
C, 206.1 254.2 297.3 470.1

(a) Initial decomposition temperature, (b) Temperature for 10% weight loss, (c)
Maximum decomposition temperature, and (d) End temperature of decomposition.
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Table 12. The viscosity and viscosity index of SN-350 oil at
the different concentrations of poly(decyl methacrylate) (D).

Polymer Viscosity (cSt) Viscosity
(Wt%) 100°C 40°C index
0 9.7 70.2 115.6
2 12.8 84.8 131.7
4 14.1 88.5 137.2
6 16.7 95.3 143.9
8 17.3 97.1 144.8
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Table 13. The viscosity and viscosity index of SN-150 oil at

different concentrations of poly(octyl methacrylate) (O,).

ool 2V 0eC 5 Fe glabes s el caliis slachale gl
Gl s, adsl 6508 & bl 5l.as (g ,Se 1l ASTM D445
Glos 53 pl by sl sl Suss L SN-350 5 SN-150 4L
Ll Ea 4 e ek (Selossdes e s Ol (e
Gl ey o eds bl BIB1 s s 4ol ool
53 ey dos e 5wl o) 658 @ e 5 e

LS o kS o

ST ALy p S F Sl ey ke
LSO il slaclle 31 ol VF B ladsas
O35 b gy D)) (D Ske Jowd) Gy 5 (0)) (o S
Slodss 03 oS parle 5 oSS 0l b J S5
sl sdal V44°C 5 ¥+ gles 53 45 SN-350 5 SN-150 al
5 658 Mae cdas o LiS lad s slaesls |l 4S5 5b0kes
SRl LV eC ¥ gles g3 s 3 gy G518 e
53 3 (O Sk S 5 (0o Ske Jows) b ke
G 3 ol odd 3L SN-350 5 SN-150 b és, 4 sed
i hle 5310 0C & ¥40C 51 oesl glos il 5l L Ks
O P CoXS ) Y PSP SCION [T P PN LSO [ SO
s (Sl s 655 5 b Wil lalse a s o
S 3 ST bbb 58 0 e 85, slod il 58l
SIS aS gl et oy IS 4 g e o= (coil) GMS
olinsd s Sla ey plo o el O ST gl el 035 sLil e
55 el ST LIS el diws opl ol (5531 5 Lasla
Py aled 63 7S 03 sdoe

Gl s L1, w0 s G S patld s o3 L ey S

53 SN-350 25, o518 yaxls 5 oS VY Jsd
(0)) (M Ske oS L il slacdale

Table 11. The viscosity and viscosity index of SN-350 oil at

different concentrations of poly(octyl methacrylate) (O,).

Polymer Viscosity (cSt) Viscosity Polymer Viscosity (cSt) Viscosity
(Wt%) 100°C 40°C index (Wt%) 100°C 40°C index
0 5.9 37.7 97.6 0 9.7 70.2 115.6
2 8.1 54.2 114.4 2 11.1 77.6 123.5
4 9.9 67.6 122.1 4 12.6 85.7 129.3
6 12.4 83.5 129.7 6 14.3 89.9 137.6
8 13.6 89.5 133.4 8 15.2 92.6 139.8
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Table 15. Effect of molecular weight of poly(hexyl methac-
rylate) solution (2 wt%), H,, at viscosity and viscosity index

of SN-350 oil.

Viscosity (cSt) Viscosity
Sample
100°C 40°C index
SN-350 Oil 9.7 70.2 115.6
H 12.6 85.7 129.3
H, 15.2 94.4 138.6
H, 18.2 105.5 143.2
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Table 14. The viscosity and viscosity index of SN-150 oil at

different concentrations of poly(decyl methacrylate) (D,).

Polymer Viscosity (cSt) Viscosity
(Wt%) 100°C 40°C index
0 5.9 37.7 97.6
2 8.8 57.2 1234
4 10.5 69.1 127.7
6 12.9 85.2 132.1
8 14.6 92.7 136.8
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