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Preparation of Aluminum Metalworking Lubricant
with Synthesized Malonic Diester
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To provide an aqueous rust inhibitor for metalworking lubricant having low

toxicity and excellent rust resistance, we synthesized diester of malonic acid by three

consecutive

esterifications with over 98% of conversion. This substituted malonic diester

could be used as an additive to mineral oil based metalworking lubricant. These
metalworking lubricant compositions were showed excellent rust resistance and suitable for
various metals and different metalworking processes including hot rolling and cold rolling of

aluminum and aluminum alloys.
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Scheme 1. Svnthesis of diethyl malonate from malonic acid and ethanol.

g 338 Jeldda g oHis)

2 A3 Scheme 1o Yebd upe} 2
o] &FHE AAFY HARZ 71Fe] AF
JHEA FEAQ tod BEA o 2 2 9
AR A ZAL HdAsgoH, 88 T2
N ~El2E o]F7|4H D-1550 =A% &
4 9 9502 ALs9n, 4FnE T E
HAGAE AMzdte, 71 548 2AsHT

2.1. MB

2z Weg 93 T &2
AldrichAte] Aok 19& AAGo] Alg3tge
Y, FAZ A48 EFerSoln e (F)H4
318t9] 19 Al ALg Y

AAFAE A% WFAE 5 HES
7 Ak AwAke ofms @ gog P
#3840 EM-100R®} DO-1408 (F)AZ¢]
FE€ A4 glo] AHElgded, NP-3& ()=
229 AFolH, P-8& (F)FL4 %9 AF
AbEE AT S AR wiEgel M R FR
7t e sk d3ge 2eEa 29
92 ZEig&S AldrichAle] X FE FA
glo] Abg-aon, o|dratel D-15502 (F)
AEo] FUE v AFES A ALgsan

9

oo

2.2. AH =3} 8I2
FEA Imolol AEE 22mol T iz I
AHS 300mL A ¢ ZelaZo Wi AA ¥y

3l
FFRAAYG. BEES

o

o

oA, 247 rotary
evaporator® E3lo], B3 vul3 oet2S A
AgAnt 714 A& A B AedE 2molT

2.3. 24
xdl2s w¥g 1FE 9sld FT-IR
spectrophotometer (Shimazu FT IR 8300,

Japan)& A28t ATR #¥oz =AHsqch
T3 1H NMR spectroscopy (Bruker 300MHz)
& AE3te] HE oxeHlEst ANEL s
TZ2E A d2u=3 v g
05N KOH| o3 XA wyjoz i7tg &34
3ol AEstd o)

2.4. 7I& wHI< gt

200mL H]°]# o]l DO-140 05g, NP-3 2g 2
EM-100R 15gof, A ®& o 2FH S EAS 0~
208 #H7beta, dawe] TEAZ 718ty 2go
2 & F o &9 P-88 H7iste] 100go]
A z=Ag

2.5. 712 MY M5 Bt

249 daH9 HEE cone/plated A EA
(RVDV 1+CP, Brookfield)E Al&3ld =33t
Hem, 3 AFE AFE 2L vlojAN A
0mLE Hstz, fryudiz mwk, T 120
/A AT fA 1I0mLE 7Heta A
stof oF 5E7F wWt EE & 100mL HAAH
H20mm)el 100mL% ¥o] 2447 9x% F
g &9 :olg A g

HIFME BNE A8 10105 g sy,
105:1Coll A 2712 F A& & A27px) 9hys}
o HFHLEL A&}

TG, LA FE ASTM-DA627-8691 o 5t
HA 20707F 92 9em petri dishol oz
(No.2/9cm)E 21 3%=2 A" A8 40mL
& 7hste, 307 Ee HAE F JAg wEn
ThA] 24A17F 59 20:5To) W8 3 =& H
HE Ao} #A4sigot ity or =& HAHo)
570 ol8tQl B¢ WAool Sy $43 Aoz
&3 3

- 193 -



Vol. 23, No. 3 (2006)

w
[+]
i)
]
Kl
]

rx
=2
£

3.1. Cjoje a=
Table 1& 42

i
, I
0

>
ol
ol
‘& O
o
=2
)
121

A

r
2 1>
au)

> o |l

A 13 o 2H 28 e
2 olsd2s g4
A3kgel met 47k 30
We s 53, el 24
g o & dglew, o
st k2 37.1%, 40.0% %

Table 2v 13 Oﬂ"‘Eﬂ §} §*§%
o ehg s} 23t o 2|28 whes
Y LEA N2H2E YYT e Aot
e Algkol Aol mek A7b 308 v
o= 155, 1A1zF 8k Foll& 13

m]o

r B
2
o
rE
olo
2>
N
)

[

T
T
lo
N ‘101‘ ‘{d‘ -

w ﬂll
o\o
N
o i
°

23
O 0

N
= o

E
P

A r;
N

_

b

©

THE A of el 3P4 o]

ol g4 eruly sbed AR Ax 3

Agkg s BAkelw 2Hat 795%, 81.5%, 81.5% %2
U ER T}
Table 32
< 3a d~H2s weg HAste] tog o
B4 daHEzE de dyolg ¥hE A7ho)
Zagke] me} A7t 308 wE ¥ 1—“— 327 1
AlZE uhg Foll 21.2, 2417 W Foff = 137
2 Holgg o F %l?iL, e % %i 3
AbatH 95.4%, 97.0% 2 98.0% 2 L}E‘rkm.
EEE’» 1x} o]]/\EﬂE'g], w28 19417 A A%
A3 Ag&S 2417F vEg-s AT zpelE el
WA Fslth oy ZHEWgos AAE B
o g ezt dojubr] wWiEd ), 14, 23}
xR 5ol BEE AAGZY NEFEE &

g % g

Qi]- oﬂ/\gﬂei} x(})l}d‘—“‘g} o]]E}SL

_4

Folv 1382 "WoidS & F A, At
Table 1. Results of 1st Esterification
Reaction 1st Esterification
Condition 150C, 30min 150°C, thour 150°C, 2hours
0.5N KOH(mL) 10.2 10.8 9.8
Acid{meaq) 5.1 5.4 4.9
Acid value 565 534 518
Molecular Weight 124.72 126.4 127.4
Composition Y :1.26 Y : 1.20 Y 1.17
{ X : ester, Y : acid ) X :0.74 X 0.80 X :0.83
Conversion(%) 37.1 40 41.3
Table 2. Results of 2nd Esterification
Reaction 2nd Esterification
Condition 150°C, 30min 150°C, thour 150C, 2hours
0.5N KOH{mL) 2.8 2.8 2.5
Acid(meq) 1.4 1.4 1.25
Acid value 155 139 138
Molecular
Weight 148.52 149.64 149.64
Composition Y : 0.41 Y :0.37 Y : 0.37
( X : ester, Y : acid ) X :1.59 X 1 1.63 X 1 1.63
Conversion(%) 79.5 81.5 81.5
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Table 3. Results of 3rd Esterification

G Bl LS

Reaction 3rd Esterification
Condition 150°C, 30min 150C, 1hour 150°C, 2hours
0.5N KOH(mL) 0.6 0.4 0.25
Acid(meaq) 0.3 0.2 0.125
Acid value 32.7 212 13.7
Molecular
Weight 157.42 158.32 158.88
Composition Y : 0.092 Y :0.06 Y :0.04
( X : ester, Y : acid ) X :1.908 X :1.94 X :1.96
Conversion(%) 95.4 97 98
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Fig. 1. FT-IR ATR spectra of (a) malonic
acid and (b) diethyl malonate after
3rd esterification at 150°C for 2Zhours.
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1H-NMR Spectra of (a) malonic
acid(DMSO-d6 + CDCI3), and (b)
diethyl malonate obtained from 3rd
esterification(CDCI3).

Fig. 2.
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Table 5. General Charateristics of Metalworking Fluids
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Emulsion sta‘mm) ,
Code Nonvolatile (%) pH
Oil Cream
DA-0 1.2 1.5 95.5 9.8
DA-1 0.9 1.8 98.5 10.3
DA-2 0.7 1.7 98.6 9.9
LA-2 0.5 1.8 96.6 9.1
DM-1 0.3 1.3 99.0 10.6
DM-2 0.2 1.8 95.6 10.0
DT-1 0.7 1.8 99.1 10.3
DT-2 0.6 1.8 99.2 10.6
DT-3 1.0 1.6 98.6 10.3
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Table 4. Blending of Metalworking Fluids
Comp.| D-140 | NP-3 EM-100R Acid or derivatives TEA P-8
Code (g) (g) (@) (g) (@) (@)
DA-0 05 2 15 0 0 82.5
DA-1 0.5 2 15 D-1550 ester 1 1 80.5
DA-2 0.5 2 15 D-1550 ester 2 0 80.5
LA-2 0.5 2 15 lauric acid 2 0 80.5
DM-1 0.5 2 15 diethyl malonate 1 1 80.5
DM-2 0.5 2 15 diethyl malonate 2 0 80.5
D-1550 ester 1
OT-1 0.5 2 15 diethyl malonate 1 0 80.5
D-1550 ester 1
OT-2 0.5 2 15 diethyl malonate 1 0 80.5
D-1550 ester 1
DT-3 0.5 2 15 diethyl malonate 2 0 80.5
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