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Abstract — In this study, we demonstrate the effects of the acidic properties of montmorillonite (MMT), which
is commonly used as a catalyst, on the conversion and selectivity of the dimer acid methyl ester (DAME) syn-
thesis. We synthesize DAME by the dimerization of conjugated linoleic acid methyl ester (CLAME) and oleic
acid methyl ester using MMT KSF. Incidentally, trimer acid methyl ester was formed as a by-product during the
DAME synthesis. There is a necessity to adequately adjust the strength and quantity of the acid site to control
the selectivity of DAME. Therefore, we vary the pH of the MMT acid by using various metal hydroxides. The
purpose of this study is to increase the yield of monocyclic dimer acid methyl ester, which is a substance with
adequate physical properties for industrial applications (e.g., lubricant and adhesive, etc.), using a heterogeneous
catalyst. We report the dimerization of fatty acid methyl ester by using base treated-KSF, and apply it to con-
jugated soybean oil methyl ester. Then, we transmute the acid site properties of KSF, such as pH of 5 wt.% slurry
KSF and various alkali metals (Li, Na, K, Ca). Characterization of base treated-KSF using a pH meter, x-ray dif-
fraction, inductively coupled plasma-atomic emission spectrometer, Brunauer-Emmett—Teller surface analysis,
and temperature-programmed desorption. We conduct an analysis of CLAME and DAME using nuclear mag-
netic resonance spectroscopy, gas chromatography, and gel permeation chromatography. Through these exper-
iments, we demonstrate the effects of the acidic properties of KSF on the conversion and selectivity of the
DAME synthesis, and evaluate its industrial potential by application to waste vegetable oil.
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DAME 985 18l MMT®] 3t &-7<l KSF (SIGMA-
ALDRICH)E vl &2 AM-3}3I3L, oleic acid (Alfa-aesar,
96%)°} KOCH; (30wt% in methanol)S ©]-8-3l linoleic
acid methyl ester (TCI, 95%)Z+%-€ 3Jet CLAME
£ U8 AREsITE 22l W HefEiE e
F e T UFF AP vEo|2HZ (conjugated
soybean oil fatty acid methyl ester; CSFAME)|+=
OAMES®} CLAMEZ} ©F 48:52&H|2 EA|ghc), B
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A g Tt
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o1 xray diffraction (XRD) (Rigaku D/Max-2200V)
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218}7] 913l inductively coupled plasma-atomic emission
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Scheme 1. Synthesis of dimer acid methyl ester.
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Fig. 1. 'H-NMR spectra of (a) LAME and (b) synthesized
CLAME (* = solvent ethyl acetate).
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Fig. 2. GC spectra of (—) LAME and (—) CLAME
isomers.
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Fig. 3. XRD patterns of (a) various alkaline treated pH9-
KSFs and (b) various pH LiOH, Ca(OH), treated KSFs.
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Table 1. Textural properties of catalysts.

Catalvst BET surface | Average pore | Pore volume
4 area (m’/g) | diameter (A) (ecm’/g)
KSF 12.6 522 0.0164
Li9-KSF 90.2 48.6 0.110
Lil1-KSF 88.8 66.5 0.148
Na9-KSF 78.8 46.5 0.0916
K9-KSF 92.7 47.6 0.110
Ca5-KSF 39.6 62.8 0.0621
Ca9-KSF 79.7 46.9 0.0934
Call-KSF 46.8 123 0.144
14]@ —1—KSF
—O—LiBT9-KSF
—A— NaBT9-KSF
5121 —57— KBT9-KSF
B —— CaBTI-KSF

Cl
o
!
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o o
S (2]
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Pore diameter (A)

144® —O—KSF

) 9 —<}- LiBT9-KSF
—O—LiBT11-KSF
124 o —[>— CaBT5-KSF
— CaBT9-KSF
1.04 i —<}- CaBT11-KSF

dV/dlog(D) Pore volume (cmalg)

Pore diameter (A)

Fig. 4. Pore size distributions of (a) various alkaline
treated pH9-KSFs and (b) various pH LiOH, Ca(OH),
treated KSFs.
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Fig. 5. (a) NH:-TPD and (b) CO2-TPD curves of catalysts.
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Table 2. The pH measurement results of 5 wt% catalyst slurry and TPD results of catalysts.

Catalyst Si/Al pH T.otal.amount of Total.amount of Mlolar ratio of a.cid

acid site (mmol/g) base site (mmol/g) site and base site
KSF 10.1 2.10 4.02 2.61 1.54
Li9-KSF 2.87 8.80 3.47 2.28 1.52
Lil1-KSF 242 10.2 3.66 231 1.58
Na9-KSF 2.18 8.80 3.20 1.92 1.67
K9-KSF 2.94 8.70 3.54 2.19 1.62
CaS-KSF 2.71 4.20 3.66 224 1.63
Ca9-KSF 3.20 8.30 3.73 3.02 1.24
Call-KSF 2.55 10.6 3.68 2.36 1.56

Table 3. Dimerization reaction results using reagent
grade fatty acid methyl esters.

reaction GPC data (%)
Catalyst time Total dimer: N
(h) conversion trimer

KSF 472 33.8:13.4 0.72
Li9-KSF 62.4 512:11.2 0.82
Lil1-KSF 64.6 55.2:9.40 0.85
Na9-KSF 58.6 45.1:13.5 0.77
K9-KSF 12 39.2 31.1:8.10 0.79
Ca5-KSF 62.6 43.4:19.2 0.69
Ca9-KSF 67.1 55.8:11.3 0.83
Call-KSF 724 62.6:9.80 0.87

1. Selectivity to dimer.

Table 4. Dimerization reaction results using waste
conjugated soybean oil methyl esters.

) GPC data (%)
Time - |
Catalyst (h) Total dimer: S
conversion trimer

Li9-KSF 73.8 61.2:126 | 0.83
Lil1-KSF . 71.8 60.5:11.3 | 0.84
Ca9-KSF 69.1 579:11.2 | 0.84
Call-KSF 60.7 51.6:9.10 | 0.85

1. Selectivity to dimer.

zh= Call-KSF¢] &Ao] 7}
‘?alﬂ]*EﬂE«] -2

o3l ks

T

g Ca-KSF —;UH«I pH7} Eaas E}OIDM] EH?& A

g7t FolAe AIE Fo o] A7IHoRE
Zujlo] - A4t v 2H 2 o] T AT
interaction®] 7tAxste] Eglolw|e] AGS oAghtiar
o AZIt}
g o] AL BEUE <

A v TR FES Aste] F AERENE A
A% T FFA A vlEo2H 20 283 2k
Moz AL 7P5AS AESYA, 2 7S Table 4
o YepiAtt. 2 A3} Li9-KSF7} 73.8%2] x18h&-3}
0.839] AME=S e o =N 71 3 BEE B

=
Atk

3 342 vehig)

4. & 2

o] AFolM e thdd dAy &
o]-8-3}d montmorillonite®] 3+ FF
A2 sle] ARSRoEA A AL WE o 2E 2
3} ¥k3-S 53 DAME 43S st |71 Az
KSF= desilicationol] &Jal] Znjje] F£x&} 70 u}
AlF 54 2 AF - 97] BA0] Wslslaler, KSF
H)ale] o3} ukg A3E 3 tholmel] et Ae]
39S =AU 97] ME 7572 KSF 7 Fll
Al Call-KSF7t 7V 73t A54E JehdloH
KSFol| Bl Aghgo] oF 25% Z71819L, tholmol| o
gt ez 15% S71skdth. 228]32 Ca5-KSF, Ca9-
KSF, Call-KSFe| A3E &3 Fule] pH/l =2
= A8g3 tiolro] tigh Aelerl EolRls RS
RI5I9.0H, o]AL Fuje] A7) A= Agh v EH
2 Z7teh 74ek kA7) A, pH S71= Qe
Znjjo] X473 FAMES] o]543% 719] interaction®]
H3lste] DAME 4 vkl f2ist A3yt vels:
Tl A gk o]Hst Y AHE EUZ sl

pr

T
[ex]
=

=
=

°,
7~
)

ol N o

s

2

S

Vol. 35, No. 2, April, 2019



138

o A
KSF7} 78 %=
& Essle
°of A7 A#E wEor P vl £
DAMEZ} 71&9] A7t =8 diFled = /e
s T V1S AHEA e Brteke
F7 477t 27

AL CSFAME®) &gl & A} Li9-
AHRE Yefo] A4 8 s

Acknowledgements

B =S 3R FEEY 371 T R
SRS TS/ AR ] el st AtE]
Ao, ol FR=-UTH (@S :2016002240003).

References

[1] Lim, Y. K., Lee, J. M., Kim, J. R,, Ha, J. H.,
“Mechanism of lubricity improvement by biodies-
els”, J. Korean Soc. Tribol. Lubr. Eng., Vol. 32, No.
3, pp- 95-100, 2016.

[2] Son, J. M., Kim, N. K., Shin, J., Chung, K., Yoon,
B. T., Kim, Y.-W., “Synthesis and lubricant proper-
ties of vegetable oil based on estolides”, J. Korean Soc.
Tribol. Lubr: Eng., Vol. 31, No. 5, pp. 195-204, 2015.

[3] Lim, Y. K., Lee, C. H., “The lubricity of biodiesel as
alternative fuel”, J. Korean Soc. Tribol. Lubr. Eng.,
Vol. 26, No. 1, pp. 73-82, 2010.

[4] Bamgboye, A. 1., and Hansen, A.C., “Prediction of
cetane number of biodiesel fuel from the fatty acid
methyl ester (FAME) composition”, Int. Agrophys.,
Vol. 22, No. 1, pp. 21-29, 2008.

[5] Koster, R. M., Bogert, M., de Leeuw, B., Poels, E.
K., and Bliek, A., “Active Sites in the clay cata-
lysed dimerisation of oleic acid”, J. Mol. Catal. A:
Chem., Vol. 134, No. 1-3, pp. 159-169, 1998.

[6] Paschke, R. F., Peterson, L. E., and Wheeler, D. H.,
“Dimer Acid Structures. The Thermal Dimer of
Methyl 10-trans, 12-trans, Linoleate”, J. Am. Oil
Chem. Soc., Vol. 41, No. 11, pp. 723-727, 1964.

[7] Westfechtel, A. R., Albiez, W., Zander, L., and Hor-
lacher, P., Method for the production of conjugated
linoleic acids, US Patent No. 0, 106, 238, 2006.

[8] Mukesh, D., Narasimhan, C. S., Deshpande V. M.,

Tribol. Lubr., 35(2) 2019

[9] Xie, W., Huang, X., and Li,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

2%

i
Ho

SRR

and Ramnarayan, K., “Isomerization of Methyl Linoleate
on Supported Ruthenium-Nickel Catalyst”, Ind, Eng.
Chem. Res., Vol. 27, No. 3, pp. 409-414, 1988.

H., “Soybean oil methyl
esters preparation using NaX zeolites loaded with
KOH as a heterogeneous catalyst”, Bioresour. Tech-
nol., Vol. 98, No. 4, pp. 936-939, 2007.

Elsasser, A. F., and McCargar, L. A., Method of pre-
paring dimeric fatty acids and/or esters thereof con-
taining low residual interesters and the resulting
dimeric fatty acids and/or dimeric fatty esters, US
Patent No. 6, 187, 903, 2001.

Kaur, N., and Kishore, D., “Montmorillonite: An effi-
cient, heterogeneous and green catalyst for organic
synthesis”, J. Chem. Pharm. Res., Vol. 4, No. 2, pp.
991-1015, 2012.

Pabalan, R. T., and Bertetti, F. P., “Cation-Exchange
Properties of Natural Zeolites”, Rev. Mineral. Geo-
chem., Vol. 45, No. 1, pp. 453-518, 2001.

Satterfield, C. N., Heterogeneous Catalysis in Industrial
Practice, 2nd Edition, McGraw-Hill, NY, USA,
1991. (ISBN 0070548862)

Kondo, J. N., Nishitani, R., Yoda, E., Yokoi, T., Tat-
sumi, T. and Domen, K., “A comparative IR charac-
terization of acidic sites on HY zeolite by pyridine
and CO probes with silica-alumina and y-alumina
references”, Phys. Chem. Chem. Phys., Vol. 12, No.
37, pp. 11576-11586, 2010.

Octaviani, S., Krisnandi, Y., Abdullah, 1. and
Sihombing, R., “The Effect of Alkaline Treatment
to the Structure of ZSM5 Zeolites”, Makara J. Sci.,
Vol. 16, No. 3, pp. 155-162, 2012.

Marcel, S. F. and Lie, K. J., “Analysis of conjugated
linoleic acid esters by nuclear magnetic resonance
spectroscopy”, Eur. J. Lipid Sci. Technol., Vol. 103,
No. 9, pp. 628-632, 2001.

Groen, J. C., Peffer, L. A. A., Moulijn J. A. and
Pérez-Ramirez, J., “On the introduction of intracrys-
talline mesoporosity in zeolites upon desilication in
alkaline medium”, Micropor. Mesopor. Mat., Vol.
69, No. 1-2, pp. 29-34, 2004.

Mochizuki, H., Yokoi, T., Imai, H.,, Namba, S.,
Kondo, J. N. and Tatsumi, T., “Effect of desilication
of H-ZSM-5 by alkali treatment on catalytic perfor-
mance in hexane cracking”, Appl. Catal., A, Vol.
449, pp. 188-197, 2012.



