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Abstract : Several amide derivatives have been used as additives for base oil of metal working fluids and pressure working oils.
In this paper, a series of succinic acid alkyl half-amide derivatives were synthesized as over 97% yields by ring-opening reaction
of succinic anhydride and several amines and were soluble in 100 N base oil within 1 wt% concentration. The structures of the
synthesized amides were confirmed by 'H-NMR, FT-IR spectrum and GC analysis. Anti-corrosion properties of the amides in sea
water were evaluated through ASTM D665 method and weight loss method. As the results of anti-corrosion properties, the
properties of the amides with shorter alkyl chain and high concentration showed better performance than those with longer alkyl
chain and low concentration. Also, the dialkyl amides showed better anti-corrosion properties than those of the monoalkyl
amides. Inhibition efficiency% (IE%) was over 93% in the concentration of 40 ppm and corrosion rate (CR) was below 0.5
mm/year in the same concentration.
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SAAE & shz-ofmbol = {EA| Ao ARERE AlefE
2 & B4 AR A9k 2 n-dodecylsuccinic anhydride
(TCI, 95%), 2-dodecen-1-yl succinic anhydride (TCI, 95%), ©}
W& AJeFo 2 butyl amine (aldrich, 98%), octyl amine (ald-
rich, 99%), dibutyl amine (aldrich, 99.6%), dioctyl amine (aldrich,
98%)2 A&

T AL A sh-ofutol= S Ae] L2 'H-NMR
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Figure 1. Mimetic diagram of ASTM D665.
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d : density (g/cm’) (7.86)
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Figure 2. Synthetic scheme of succinic acid alkyl half-amide de-
rivatives.
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<HSA-C,-CsN>

'H-NMR (CDCls, ppm): & =5.88 (m, 1H, NH), 3.47~3.24
(m, 2H, NCH,CH,), 2.79 (m, 1H, -CHCHH'CO), 2.51 (m, 1H,
-CHCHH'CO), 2.42 (m, 1H, -CHCHH'CO), 1.67~1.46 (m, 4H,
-CHCH,CH,, NCH,CH,), 1.40~1.15 (m, 30H, 15CH,), 0.88 (t,
6H, 2CH,)

FTIR: v (em™) = 3299, 2979, 2859, 1786, 1707, 1645, 1558,
1470, 1179

GC: 25.8 min
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Figure 3. Synthetic scheme of succinic acid alkyl imide derivatives.
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<HSI-C»-CsN>

'H-NMR (CDCls, ppm): & =3.47 (m, 2H, NCH,CH),), 2.78
(m, 2H, -CHCHH'CO, -CHCHH'CO), 2.37 (m, 1H, -CHCHH'CO),
1.67~1.46 (m, 4H, -CHCH,CH,, NCH,CH,), 1.40~1.15 (m, 30H,
15CH,), 0.87 (t, 6H, 2CHj3)

FT-IR: v (cm™) =2929, 2859, 1769, 1707, 1461, 1408, 1179,
1144

GC: 25.9 min

Table 1. 'H-NMR, FT-IR and GC results of HSA-R-R,R,N amide derivatives

Esters 'H-NMR (CDCl:/TMS)

FT-IR (cm’) GC' (min)

5.95 (m, 1H), 3.49~3.24 (m, 2H), 2.78 (m, 1H), 2.52 (m, 1H), 2.39 | 3308, 2929, 2859, 1707, 1654,

- - 0,
HSA-Ciz-CaN (m, 1H), 1.67~1.46 (m, 4H), 1.40~1.15 (m, 22H), 0.93 (m, 6H) | 1558, 1461, 1408, 1179 23.0 (100%)
HSA.CLoaCN | 3-3773.05 (m, 4H), 2.89 (m, 1H), 2.52 (m, 1H), 2.39 (m, 1H), | 2938,2859, 1733, 1645, 1619, | silylation 25.4, 25.7

T 1.67~1.46 (m, 6H), 1.40~1.15 (m, 24H), 0.93 (m, 9H) 1470, 1197 (31.5%, 68.5%)
HSALCLoCN | 3-5773:05 (i, 4H), 2.85 (m, 1H), 2.67 (m, 1H), 2.53 (m, 1H), | 2929, 2859, 1733, 1645, 1610, | silylation 30.2, 30.8

128 1.67~1.46 (m, 6H), 1.40~1.15 (m, 40H), 0.88 (t, 9H) 1470, 1188 (32.4%, 67.6%)
HSA-CoCeN | 76 (m, TH), 321 (m, 1H),2.79 (m, 1H), 2.51 (m, 1H),2.43 (m, | 3308, 2929, 2859, 1716, 1654, 25,3 (100%)

1H), 1.94~1.42 (m, 4H), 1.40~1.15 (m, 28H), 0.88 (m, 9H)

1558, 1461, 1188

5.82 (m, 1H), 5.51 (m, 1H), 5.32 (m, 1H) 3.52~3.12 (m, 2H), 2.87
HSA-Ci5(1:0)-CsN | (m, 1H), 2.73 (m, 1H), 2.49 (m, 2H), 2.26 (m, 1H), 1.98 (m, 2H),
1.50 (m, 2H), 1.40~1.15 (m, 24H), 0.88 (m, 6H)

3308, 2956, 2938, 2868, 1707,

0,
1566, 1461, 1408, 1179 25.6 (100%)

1. GC data®] ( )22 Figure 1914 3}5H= 13} 29] WA,
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Figure 4. 'H-NMR spectra of n-dodecylsuccinic anhydride (upper),
octyl amine (middle), and HSA-C;,-CsN (bottom).
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Figure 5. FT-IR spectra of (A) n-dodecylsuccinic anhydride, (B)
octyl amine, and (C) HSA-C;>-CgN.
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Figure 6. 'H-NMR spectra of HSA-C1,-CsN (upper) and HSI-C),-
CsN (bottom).

T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)

Figure 7. FT-IR spectra of (A) HSA-C;,-CsN and (B) HSI-C;,-CsN.
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Table 2. Basic properties of HSA-R-RR,N amide derivatives
Esters R R R, Yield,% Appearance TAN, mgKOH/g Solubility'

HSA-Ci,-CsN Cn Cs H 97 white solid 94.3 Ins.
HSA-C»-CsN Ci2 Cs H 98 white solid 116.5 Ins.
HSA-C5-2CsN Ci C4 (O 98 colorless liquid 155.6 Sol.
HSA-C-2CsN Ciz Cs Cs 97 colorless liquid 109.7 Sol.
HSA-Ci»-iCsN Cn Cs iCg 98 white solid 96.7 Ins.
HSA-Ci2(1:0)-CsN Ci2(1:0) Cs H 98 yellow solid 103.3 Ins.
HSI-C,-CsN Ci Cs - 95 brown liquid 2.5 Sol.

L3371 100N &&87] 5 &4 7524 1 TZF%E

a5t & 2]

831" -°5(Sol. : soluble, Ins. : Insoluble)
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Table 3. ASTM D665 results of HSA-R-R ;RN amide derivatives
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Rust rating1
Esters
0.125 wt% 0.25 wt% 0.5 wt% 1.0 wt%
Blank severe
HSA-C-CsN pass pass pass pass
HSA-C»-CgN moderate light pass pass
HSA-C,-2C4N light pass pass pass
HSA-C,-2CsN light light pass pass
HSA-Ci5(1:0)-CsN moderate moderate light pass
HSA-C2-iCsN light light light pass
1. pass : no rust, light : rust 6 spot ©] 3}, moderate : rust 6 spot ©]’d 5% ©]3}, severe : rust 5% ©]/
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Figure 8. Steel surface after anti-corrosion test through ASTM D665
method of 100 N base oil containing test concentration of
HSA-C2-CsN.

Figure 9. Steel surface after anti-corrosion test through ASTM D665
method of 100 N base oil containing 0.125 wt% of HSAR-
RiR:N.
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Table 4. Weight loss results of HSA-R-R;R;N amide derivatives

Esters ppm HSA-C»-CsN HSA-C-CgN HSA-C-2CsN HSA-C-2CsN
20 1.60 3.81 3.23 5.85
40 0.46 1.60 2.65 5.80
weight loss (W), 107 g 80 0.05 1.42 0.64 5.18
150 0.04 0.04 0.10 4.64
300 0.03 0.03 0.02 3.69
20 76.49 43.99 52.58 13.98
40 93.26 76.58 61.02 14.72
IE' % 80 99.25 79.13 90.54 23.94
150 99.32 99.46 98.50 31.85
300 99.52 99.63 99.65 45.76
20 1.52 3.61 3.06 5.54
40 0.43 1.51 251 5.50
CR’, mm/year 80 0.05 1.34 0.61 4.90
150 0.04 0.04 0.10 439
300 0.03 0.02 0.02 3.50
1. 1E% = (W,-W)/W, * 100, W, : 0.068 g
2. CR (mm/year) =k * W/(4 * t * d),
k:8.76 % 10°, A : 490625 (cm’), t: 24 h, d : 7.86 (g/cm’)
99.46% (150 ppm) =L 99.63% (300 ppm) = F=7} F7Fdr= Aol T2 & 5= QASle oleR AR I FA F
=2 S UEtYo] A 5ol 435k th CR 3.61 (20 22 Well 2= Q= 7284 7T} ofuto]lE TIF0]
ppm), 1.51 (40 ppm), 1.34 (80 ppm), 0.04 (150 ppm) %! 0.02 WZrs AEY] o] FAF uuts 2 AL Aer wd
(300 ppm) 2 FE7F TIPS W2 3hE UEdo] WA A qtok A S A3 40 ppmo] gh2 ol AREEE ofnlo]
o] TS A ¢ AU e f=AY] HHATE v A} o}l Ql FEA(HSA-Cio-CsN) 2] IE%+= 76.58% 2] Fhol,
gk s Ueo] 4 fEA9 =7t S7Fekel wet i el Abg-gE ofglo] o]z} oIl -f I A|(HSA-C12-2CsN) <]

Aol 95T & 4 Utk B F5A) 40 ppmg T
3+ 99| IE% (Figure 10) FF-& HSA-Cip-CaN 93.26%, HSA-

Ci2-CsN 76.58%, HSA-C2-2C4N 61.02%, HSA-Ci2-2CsN 14.72%
o £o2 fEAY Fro| mel PR HolS ek

o
gov fEAl] TeE ] b A Asol HEHE B3

90

80

70

60

50

-

—+—HSA-C12-C4N
—=—HSA-C12-C8N
—+—HSA-C12-2C4N
—e—HSA-C12-2C8N
—¥—HSE-C12-C12

40

30

Inhibition Efficiency, %

20

|

40 300

Concentration, ppm

Figure 10. Inhibition Efficiency graph of HSA-R-R;R>N amide de-
rivatives by weight loss method.
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Figure 11. Corrosion Rate graph of HSA-R-R;R,N amide derivatives
by weight loss method.
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Figure 13. SEM images (left) and EDS spectra (right) of steel surface
of corrosion section after anti-corrosion test (weight loss
method) of 100 N base oil containing 40 ppm HSA-R-R;
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Table 5. EDS data results of HSA-R-R;R,N amide derivatives

ASTM D665 (0.125 wt%) Weight loss (40 ppm)

C/Fe O/Fe Cl/Fe C/Fe O/Fe Cl/Fe
before the test 0.050: 1 0.072:1 - 0.033:1 0.059: 1 -
HSA-C2-CiN 0.093:1 0.231:1 - 0.033:1 0.078 : 1 -
HSA-C2-CsN 0.012:1 0.369: 1 0.009: 1 0.033:1 0.111:1 0.007: 1
HSA-C»-2CN 0.097 : 1 0.296 : 1 - 0.053:1 0.196 : 1 0.018:1
HSA-C2-2CsN 0.135:1 0.638:1 0.011 : 1 0.055:1 0.209: 1 0.036: 1

07 shx-ofutol= GEA Y B Lxo] G WAk PE vk EIL GolA AHT AL o] FHT FEAEY AL
wofof siA|9k EDS 4] oA Aart AEHA skt dolof whe} WA dso] Gede AT 4= ATk o]
HH R o] MR BRo|M: AT SAE 4 Bhob  edo] Frbut WA Akl A 5, pmuslE S
upo| = A9 Fiol whel thE ARt JavE HEH Ut 7b7] 2ol Ak e] Zol7k AojAls AL EAl ARl
A AR Aol vjgo] GG F74e £AS et AL ojujsha Bxjare] AXE AL 2L Ko o 2L o
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Table 6. Weight loss results of synthetic succinic acid alkyl half-
amide derivatives and synthetic succinic acid derivatives

Esters HSA-Cpo- | HSI-Cj>- | HSE-Ca- | DSE-Cio-
ppm CsN CsN Ci2 Ci2

20| 381 11.70 495 12.08

. 40| 160 9.69 4.47 10.71
V(V\ijihféi’sgs 80| 142 10.51 127 11.49
150]  0.04 9.03 0.18 11.44

300]  0.03 0.93 0.1 11.52

20| 43.99 - 2733 -

40| 76.58 - 34.38 ]

E'% |8 79.13 - 81.39 -
150|  99.46 - 97.42 -

300 99.63 | 8634 | 9834 -

20| 361 11.08 4.68 10.17

S EU N 9.17 423 9.01
mmfyear |80] 134 9.95 1.20 9.67
150]  0.04 8.55 0.17 9.62

300]  0.02 0.88 0.11 9.69

1. IE% = (Wo-W)/W, * 100, W, : 0.068 g
2. CR (mm/year) =k * W/(4 * t * d),
k:8.76 x 10°, A : 4.90625 (cn’), t : 24 h, d : 7.86 (g/em’)
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