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Succinic acid ester derivatives have been used as additives for the base oil of metal working fluids and pressure working
oils. In this paper, a series of succinic acid alkyl half-esters were synthesized with over 97% yields by ring-opening reaction
of succinic anhydride and fatty alcohol and were soluble in 100 N base oil within 1 wt% concentration. The structures and
purities of ester derivatives were confirmed by 'H-NMR and FT-IR spectrum and GC analysis. Anti-corrosion properties of
the esters in sea water were evaluated through ASTM D665 method and weight loss method and compared to that of succinic
alkyl esters without carboxylic acid group in the molecule. As the results, anti-corrosion properties of succinic acid alkyl
half-esters with carboxylic acid group were better than those of succinic acid alkyl esters without carboxylic acid group. And,
Anti-corrosion properties of the esters with a shorter alkyl chain of high concentration showed better performance than those
with longer alkyl chain of low concentration. Inhibition efficiency % (IE%) of the esters was over 95% in the concentration
of 80 ppm and corrosion rate (CR) was below 0.3 mm/year at the same concentration. Thus, the corrosion properties of suc-
cinic acid alkyl half-esters result from the carboxylic acid groups in molecules.

Keywords: anti-corrosion properties, succinic acid alkyl half-ester, IE%, CR

LM Z2 FAK Al ol e, A B ) ANl R A oF thRe] ol s

Aoz AR o] F vlolo N SAAS BEF 2 SAlo]

AL s B Sl vlole. B MRS ARE i ST 4 U5 71 AAele] slof Afapt fel
sk guske AEe] A Bedo] WH Z7kekw ok Aels  H 2AL AR £ gt 19 We Fetede] 2 Ay

71 MEe g0z xmq A go] Fse A Al T ATHIL HAAF fEAE AF, oHE 9 S4E A% 5 W8 7]

Az 4gi0] o FolAIL 913, SR 9 ol pAte) Higel & ARACR AL Sl W SR stERA A2 Bean

el Aok A SAe A0 D 4G Tl BE 4 Belelen e 198 Hu e A% Felolala el

SAlelEe] Az AREE AGEE F A AU AdlelA 2

Ak WFe] WA F7ksHe Bolm WANAA, A WA g, &

T WAIA A} (e-mail: ywkim@krict.re.kr)

367



(98]
[*))
o0

1)

=
ofy
1A
o
o2

froyo

“%%oﬁ‘.

oz & Ho

lo = o

Hum [

el
2o

-wupoi

db s

(DA~

2 B

O ek

T oox

mpvé

B o

Y

ol 2

* 42

e 2

= ol

= |o

I R

o r\rnﬂ

€, > ¥0 gl oo

S = T o S VN 1)

— O

wn
—

%
2 o>l & [0 H 1o K

oX
QL‘
4
pas
rr
all
4
N
ok
B
il
>
ofo
o
Y
=
N
ki
ol
)
N
o,
=)
o

3
al

43
o AHEEE WHARE A7 REAN2, A4 S
# A SHHE618) 52 Wk el gonl
WPPSE OE Rl thrielr] ool ot Wy
CSR=RCR

o 4
ki =2
2

rot ot

orfE vl FE8E ol AR 4 Shszofl
A skl Bl 2del Hrke F et el ut

= H
PSS ] SAA 4 e A Y

o}
OR; OH
o} o}
HSE-R-RI 2 HSE-R-RI 1
2.4 ¥

2.1 AlS} % EA
SA14F Q) SmelsEE fEA GOl AR AlekEe o)
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decylsuccinic anhydride (TCI, 95%), n-hexadecyl succinic anhydride
(TCI, 95%), 2-dodecen-1-yl succinic anhydride (TCI, 95%), n-hexadecenyl
succinic anhydride (TCI, 94%)E AMS-8I1 1, AW &I/ AlFoZ =
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Figure 1. Synthetic scheme of succinic acid alkyl half-ester derivatives.

1% 93 mild steel A1H(25 mm x 1 mm)S ARESF] g
A& 8F & IE% (Percent Inhibition Efficiency)@} CR (Corrosion rate)S-
o3 Alex e}l o] Ailste] HrEsksitt

IE % = (W,-W)/W, x 100 (1)
AZIM w, : 7S FREHA 2 LU AES F 29 Al
o] FARE
W ATHAE e e d® AlRSE & A" A
7+
CR (mm/year) = k£ x W/(A x t x d) 2)

o714 k : 876 x 10* (h x mm/(em x yr))
W : weight loss
A : area (cm’)
t : time (hours)
d : density (g/cm3) (7.86)
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'H-NMR (CDCL, ppm) : & = 4.08 (m, 2H, OCHy), 2.84 (m, 1H,
CH), 2.70 (m, 1H, -CHCHH'CO), 2.46 (m, 1H, -CHCHH'CO), 1.60
(m, 4H, -CHCH,CH,, OCH,CHy), 1.43~1.16 (m, 38H, 19CH), 0.88
(t, 6H, 2CHy)

FT-IR : v (em’) = 2935, 2859, 1739, 1713, 1464, 1265, 1176, 945, 721

GC : 282 min (33.5 %), 28.3 min (66.5 %)
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Figure 2. GC chromatograms of (A) n-dodecylsuccinic anhydride, (B)
1-dodecanol, and (C) HSE-Ci»-Cp,.
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Figure 3. "H-NMR spectra of n-dodecylsuccinic anhydride (upper),
1-dodecanol (middle), and HSE-C;>-Ci; (bottom).
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Figure 4. FT-IR spectra of (A) n-dodecylsuccinic anhydride, (B)
1-dodecanol, and (C) HSE-C;;-Ci2.
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Table 1. lH-NMR, FT-IR and GC Results of HSE-R-R' Ester Derivatives

r-lo

1.0 O I~ =
e R

Esters 'H-NMR (CDCl5/TMS) FT-IR (cm’) GC' (min)
HSE-ConC 4.07 (m, 2H), 2.82 (m, 1H), 2.71 (m, 1H), 2.41 (m, 1H), 1.60 (m, 4H), 2935, 2877, 1730, 1713, 1470, 23.0
-8 1.40~1.15 (m, 22H), 0.88 (m, 6H) 1178, 946, 722 (100%)
HSE-C.C 4.06 (m, 2H), 2.84 (m, 1H), 2.69 (m, 1H), 2.39 (m, 1H), 1.61 (m, 4H), 2935, 2877, 1731, 1712, 1468, 25.8
gz 1.40~1.15 (m, 30H), 0.88 (t, 6H) 1178, 946, 721 (100%)
HSE-Ce.C 3.99 (m, 2H), 2.85 (m, 1H), 2.72 (m, 1H), 2.42 (m, 1H), 1.56 (m, 4H), 2935, 2877, 1733, 1710, 1470, 28.4
g6 1.40~1.15 (m, 38H), 0.88 (t, 6H) 1178, 946, 721 (100%)
HSE.CoC 4.07 (m, 2H), 2.82 (m, 1H), 2.70 (m, 1H), 2.42 (m, 1H), 1.60 (m, 4H), 2935, 2877, 1731, 1709, 1470, 30.0
g8 1.40~1.15 (m, 48H), 0.88 (t, 6H) 1178, 946, 721 (100%)
5.35 (m, 2H), 4.06 (m, 2H), 2.84 (m, 1H), 2.67 (m, 1H), 2.38 (m, 1H), 3031, 2935, 2877, 1730, 1712, 29.8, 29.9

HSE-Cs-Oleyl

2.01 (m, 4H), 1.61 (m, 4H), 1.40~1.15 (m, 34H), 0.88 (t, 6H) 1470, 1178, 946, 720

(93.0%, 7.0%)

HSE-Coa.C 4.07 (m, 2H), 2.82 (m, 1H), 2.70 (m, 1H), 2.42 (m, 1H), 1.60 (m, 4H), 2935, 2877, 1730, 1712, 1470, 25.8
178 1.40~1.15 (m, 30H), 0.88 (t, 6H) 1178, 946, 721 (100%)
HSE-CionC 4.08 (m, 2H), 2.84 (m, 1H), 2.70 (m, 1H), 2.46 (m, 1H), 1.60 (m, 4H), 2935, 2859, 1739, 1713, 1464, 282, 283
e 1.43~1.16 (m, 38H), 0.88 (t, 6H) 1265, 1176, 945, 721 (33.5%, 66.5%)
HSE-CoanC 4.06 (m, 2H), 2.82 (m, 1H), 2.70 (m, 1H), 2.41 (m, 1H), 1.60 (m, 4H), 2935, 2877, 1731, 1711, 1470, 31.8, 32.0
1 1.40~1.15 (m, 46H), 0.88 (t, 6H) 1178, 946, 721 (32.3%, 67.7%)
HSE-CoanC 4.07 (m, 2H), 2.82 (m, 1H), 2.70 (m, 1H), 2.40 (m, 1H), 1.61 (m, 4H), 2935, 2877, 1732, 1712, 1470, 343, 34.6
1718 1.40~1.15 (m, 50H), 0.88 (t, 6H) 1178, 946, 721 (28.2%, 71.8%)
HSE-Coa-Olev] 5.35 (m, 2H), 4.06 (m, 2H), 2.82 (m, 1H), 2.70 (m, 1H), 2.41 (m, 1H), 3030, 2935, 2877, 1731, 1710, 33.9, 342
127y 2.01 (m, 4H), 1.60 (m, 4H), 1.40~1.15 (m, 42H), 0.88 (t, 6H) 1470, 1178, 946, 720 (26.7%, 73.3%)
HSE-CroC 4.06 (m, 2H), 2.82 (m, 1H), 2.71 (m, 1H), 2.40 (m, 1H), 1.61 (m, 4H), 2935, 2877, 1732, 1713, 1470, 28.5
1678 1.40~1.15 (m, 38H), 0.88 (t, 6H) 1178, 946, 721 (100%)
HSE-C.oC 4.06 (m, 2H), 2.82 (m, 1H), 2.70 (m, 1H), 2.41 (m, 1H), 1.60 (m, 4H), 2935, 2877, 1731, 1709, 1470, 31.8, 32.0
16712 1.40~1.15 (m, 46H), 0.88 (t, 6H) 1178, 946, 721 (35.3%, 64.7%)
HSE-C.oC 4.06 (m, 2H), 2.82 (m, 1H), 2.70 (m, 1H), 2.41 (m, 1H), 1.61 (m, 4H), 2935, 2877, 1733, 1713, 1470, 37.9, 38.4
16716 1.40~1.15 (m, 54H), 0.88 (t, 6H) 1178, 946, 721 (29.0%, 71.0%)
HSE-CooC 4.06 (m, 2H), 2.80 (m, 1H), 2.71 (m, 1H), 2.40 (m, 1H), 1.61 (m, 4H), 2935, 2877, 1731, 1711, 1470, 427, 43.4
16718 1.40~1.15 (m, 58H), 0.88 (t, 6H) 1178, 946, 721 (30.8%, 69.2%)
HSE-Cu-Olevi 535 (m, 2H), 4.06 (m, 2H), 2.82 (m, 1H), 2.70 (m, 1H), 2.41 (m, 1H), 3030, 2935, 2877, 1731, 1710, 419, 425
167y 2.01 (m, 4H), 1.60 (m, 4H), 1.40~1.15 (m, 50H), 0.88 (t, 6H) 1470, 1178, 946, 722 (26.3%, 73.7%)
HSE-Cia(1:0)-C 4.07 (m, 2H), 2.82 (m, 1H), 2.71 (m, 1H), 2.41 (m, 1H), 1.60 (m, 4H), 2935, 2877, 1730, 1713, 1470, 23.9
PETES 140~1.15 (m, 22H), 0.88 (m, 6H) 1178, 946, 722 (100%)
4.06 (m, 2H), 2.84 (m, 1H), 2.69 (m, 1H), 2.39 (m, 1H), 1.61 (m, 4H), 2935, 2877, 1731, 1712, 1468, 28.1, 28.2

HSE-Co(1:0)-Ciz 452175 (m, 30H), 0.88 (t, 6H)

HSE-Co(1:0)-Cis - 451715 (m, 38H), 0.88 (t, 6H)

HSE-Co(1:0)-Cis 451715 (m, 48H), 0.88 (t, 6H)

HSE-C)3(1:0)-Oleyl

3.99 (m, 2H), 2.85 (m, 1H), 2.72 (m, 1H), 2.42 (m,

4.07 (m, 2H), 2.82 (m, 1H), 2.70 (m, 1H), 2.42 (m,

535 (m, 2H), 4.06 (m, 2H), 2.84 (m, 1H), 2.67 (m,
2,01 (m, 4H), 1.61 (m, 4H), 1.40~1.15 (m, 34H), 0.88 (t, 6H) 1470, 1178, 946, 720

1178, 946, 721 (48.4%, 51.6%)

1H), 1.56 (m, 4H), 2935, 2877, 1733, 1710, 1470, 315, 31.7

1178, 946, 721 (48.8%, 51.2%)

1H), 1.60 (m, 4H), 2935, 2877, 1731, 1709, 1470, 34.1, 344

1178, 946, 721 (50.8%, 49.2%)

1H), 238 (m, 1H), 3031, 2935, 2877, 1730, 1712, 33.7, 34.0

(41.2%, 58.8%)

' GC data® ( )+ Figure 1914 3% 13} 29] W4 %

Ci2(1:0)-Ciz, Ci2(1:0)-Cis, Cia(1:0)-Oleyl?l f-5all= Ad2ollA] At
ghalo) olH} O Cy-C~Cis, Cio-Cio~Cis, Cl6'C8 ~Oleyl, Cix(1:0)-Cis
FEAlE S A AEE YERSITE £ R (32 R) 272 AR

o] A4= 1A Aol o|FATS i@%ﬁclz(m)) A e E
JehdS o 4= 9l9it}

ol gt WY dss L3lel] Sl AHgee &8Vl
ZF galls]ofol sttt whebA] F-HA 100 N &&87]el digt Sl
2 7] 9ste] M FEAIHSE-R-R) 1 $3%S S87]5r<l 37}
sto] d2elA gallsS Frket A, 34 FEA] EE e
R-R’ T25F0] A= 2 Cp-Codr AlSJstalE 25 2 8330tk

3, WAAE sl Uik 0 AES FAVFE | mgKOH/g

3slsh M 22 A ®M 43, 2011

ojstz AT 5, A E= A7) AP o A7k
0 ] —F._—Xﬂﬂ- B]—/thﬂ— /“1: 9}& VAl o7 J,}r/].g]o] ’6‘]—}\‘]
FEA L Mr7HE 5783813t Table 20014 B vls} o], 34 &
SAHSE-R-R)OMA R#} RO] 2 AKES 7HFS, Ro| 22 AkE
Q1 Afells R AREC] FEs AP 52 ghs vEhiigler
93.9~154.6 mgKOH/go1 T}, &, A=l WA o] H7leko] 0.1 &
% olakl ¥e ueT u] B Ageld T FEAY Agow
Q13F A} F71E-E 0.09~0.15 mgKOH/go & mv]3t Ao =
ek
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Table 2. Basic Properties of HSE-R-R’ Ester Derivatives
Esters R R’ Yield, % Appearance TAN, mgKOH/g Solubility'
HSE-Cs-Cs Cg Cg 98 colorless liquid 154.5 Sol
HSE-Cs-Ci> Cs Ci 99 white solid 129.0 Sol
HSE-Cs-Ci6 Cs Cis 98 white solid 141.9 Ins
HSE-Cs-Cis Cs Cis 99 white solid 127.0 Ins
HSE-Cs-Oleyl Cs oleyl 99 yellow liquid 122.3 Sol
HSE-Ci»-Cs Ciz Cs 97 colorless liquid 136.1 Sol
HSE-Ci2-Ci2 Cn Ciz 98 white solid 111.3 Sol
HSE-Ci»-Cis Ci Cis 98 white solid 105.4 Ins
HSE-Ci2-Cig Ci Cis 99 white solid 101.1 Ins
HSE-C;,-Oleyl Ci2 oleyl 98 yellow liquid 104.8 Sol
HSE-Ci6-Cs Cis Cs 99 white solid 122.1 Sol
HSE-Ci6-Ci2 Cis Cix 98 white solid 108.8 Sol
HSE-Ci6-Cis Cis Cis 98 white solid 93.9 Ins
HSE-Ci6-Cis Cis Cis 97 white solid 98.5 Ins
HSE-Ci6-Oleyl Cis oleyl 99 white solid 96.4 Sol
HSE-Ci2(1:0)-Cs Ci2(1:0) Cs 98 yellow liquid 141.5 Sol
HSE-Ci2(1:0)-Ci2 Ci2(1:0) Ci2 99 yellow liquid 111.0 Sol
HSE-C2(1:0)-Ci6 Cix(1:0) Cis 98 yellow liquid 97.3 Sol
HSE-Ci2(1:0)-Cis Cix(1:0) Cis 98 white solid 101.3 Ins
HSE-Clz(l:O)-O]eyl Cix(1:0) oleyl 99 yellow liquid 102.1 Sol
UG 100 N 27l 3 G2 1 wi%eS S3l8H9S Wl 8314 (Sol : soluble, Ins : Insoluble)
Table 3. ASTM D665 Results of HSE-R-R' Ester Derivatives rR. 9 OR, R\i‘)’:OR.
Eaters Rust rating' \io:om or
0.125 wt% 025 wt% 0.5 wt% 1.0 wt%
Blank Severe = Eslacerug
@ : CaroxylicAcid Group
HSE-Cs-Ci2 light light pass pass ., M
HSE-Cpa-Cs light light light pass [ e = o
HSE-Ci2-Ciz light light light pass Figure 5. Adsorption mechanism of steel surface and molecule of
HSE-Ci»-Cis moderate  moderate light light DSE-C2-Cy; (ref) and HSE-Ci>-Cia.
HSE-C;6-Ci2 moderate moderate moderate light
HSE-Ci(1:0)-Ci» severe moderate  moderate light o | s 53 9 WAL T2 nlel 2 zjo] glo]
DSE-Ci>-Cy> (ref) severe severe severe severe 718] o] MBEEA] ¢kstTh 0.125 % E sk LYo W

! pass : no rust, light : rust 6spot ©]3Sk, moderate : rust 6spot ©1% 5% ©]3}, severe

: rust 5% ©]%F
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8t Exﬂé A7kst 1‘24_4 ol FEAE A7k %2 2
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W73l vlsl A8 ?i%% T ATk =, FA dlef] L&
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< Table 3 % Figure 6°4 RHi= vke} Zo] HSE-Cix(1:0)-Ci,
HSE-C)6-C12, HSE-C/»-C6, HSE-C}2-Ci2, HSE-C2-Cs, HSE-Cs-C12, &
o2 WPsol $aslel Tl et 2 Aol vEhic) 2,
5L BA Yol 712277 AE 0 7 BesE A o A

B2 FEAMHSERR) F R % R AW/)7L 2% B 50] 2
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3.4. SAA 2SI OAEIE REMC| WM SEA sét”)
ASTM D665 EFH 0 2= FEA9 A7) 0.125 5% o]3)
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wbA] ASTM D665 B oA AHg-shs 28 Al djalel] 244
Az P <8 AJHEE2S5 mm x 1 mm)S AR 20~300 ppm
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HSE-Cs-Ci» HSE-C»-Cs HSE-C»-Ci2 HSE-Ci6-C12 DSE-C»-Ci2

HSE-Ci>-Cis HSE-Cix(1:0)-Ci2

Figure 6. Steel surface after anti-conosion test through ASTM D665 method of 100 N base oil containing 0.125 wt% of HSE-R-R’ and DSE-C;,-C;;.

Before

80 ppm

Figure 7. Steel surface through weight loss method after anti-corrosion test of 100 N

IE% 9 CRE AAIEIY] g4 FEA1) F-xof W WgAsS H7t
SISITE. Figure 7014 YERd A3} o] %7} S7F5 HSE-Cip-Ci
9] 739, TE%E= 27.33% (20 SHppm), 34.38% (40 ZHppm), 81.39% (80
Zppm), 97.42% (150 ZZppm) H 98.34% (300 FHppm)=E 5%
7} VTS B ghs vEhdlo] WA so] 9-Eklth CRE 4.68
(20 SFppm), 4.23 (40 SHppm), 1.20 (80 FHppm), 0.17 (150 S
ppm) % 0.11 (300 FTJppm)E L7t T7FEFS vk @S UERd
o P Fol TS & F AGTE v FEAlY] WS E v
28t A vehY] 33 REAlS w2t Sl wet B
o] $-=8hS oF 2= QJQIth. Figure 8014 B vlg} 7o) &4 FEA)
80 ZHppme T3k 29 [E%= HSE-C,-Cs 95.67%, HSE-Cs-Ciz
92.88%, HSE-Ci2-C1» 81.39%, HSE-Ci2(1:0)-Ci2 80.63%, HSE-Ci2-Cig
75.77%, HSE-Ci5-C12 66.10% 2] =02 fFIoAl|e] T3 whe} wid
52 Apols: eIl on Aol EEe] e 4 Aol B
FELR A T A dlell rE e TtlEEF BEaE
g s0) 948 & ¢ sk ot w2 U] ole AT 25
B4 9ke ST A(HSE-Ci2-Cia) 2l 1E% (81.39%) (80 ZHppm)7} ©|
TATE Fehs FEAI(HSE-Cix(1:0)-Cio) 2] 1IE% (80.63%) (80 &
ppm)Z} 1S Ae& UERISIOY 80 T ppm Bt 42 sEQl
20 FBppm 40 THppm= T YO WA T olFAES
Eehs FEA(HSE-Cia(1:0)-Ci2) 2 W8750] Az oz st
et A 724 80 THppme TR Y9 corrosion rate (CR)
(Figure 9) %#-& HSE-C2-Cs 0.28, HSE-Cs-C» 0.46, HSE-C5-Ci2 1.20,
HSE-C 5(1:0)-C2 1.25, HSE-C 6-Cy2 1.56, HSE-C15-Cj6 2.189] =0 &
CR gto] F7kstol W50l Atz oz vmA yebston], wel
A el ol g A a Sk o FEAI(HSE-Ci-Cr2)©) CR 1.20
(80 TBppm)7} olFARE XEFeH= 5] (HSE-Cin(1:0)-Cr2)¢] CR
1.25 (80 S &ppm)= Bl ghs UERlo] 5ol nisssiglon
80 THppm XU} A2 F5A 40 THppmI 20 T Hppmeol A= olF
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Figure 8. Inhibition efficiency graph of HSE-R-R' ester derivatives by
weight loss method.
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Table 4. Weight Loss Results of HSE-R-R’ Ester Derivatives

Esters ppm HSE-Cs-Ci» HSE-Cip-Cs HSE-Cip-Ciy HSE-Cip-Cie HSE-Ci-Ci»  HSE-Cio(1:0)-Ci

20 401 454 495 6.56 5.06 3.98

40 3.61 1.24 447 5.52 2.55 2.62

weight loss (W), 10° g 80 0.48 0.30 127 231 1.65 132

150 0.15 0.27 0.18 0.80 0.54 0.17

300 0.09 0.03 0.11 0.13 0.05 0.11

20 4111 3335 27.33 3.61 25.63 41.52

40 46.98 81.80 3438 18.95 62.51 61.55

IE, % 80 92.88 95.67 81.39 66.10 75.77 80.63

150 97.74 95.99 97.42 88.21 92.08 97.44

300 98.66 99.56 98.34 98.16 99.34 98.38

20 3.80 430 468 6.21 479 3.77

40 342 1.17 423 522 242 248

CR?, mm/year 80 0.46 0.28 1.20 218 1.56 125

150 0.15 0.26 0.17 0.76 0.51 0.16

300 0.09 0.03 0.11 0.12 0.04 0.10

"IE% = (W,-W)W, x 100, W, : 0.068 g
> CR (mm/year) = k x W/(A x t x d), k : 8.76 x 10", A : 490625 cm’, t

11

10

]

Corrosion Rate, mm/year
v

—=—HSE-C8-C12

—+—HSE-C12-C8

—&—HSE-C12-C12

—e—HSE-C12-C16

—=—HSE-C16-C12

——HSE-C12(1:0)-C12

—#—DSE-C12-C12

20 40 80 150 300
Concentration, ppm

Figure 9. Convsion rate graph of HSE-R-R’ ester derivatives by
weight loss method.
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DSE-Cpo-Ci» %A 712} 0.125 S3%E i3t 2UZ ASTM D665
BT 217 300 S8ppme TS SR A FEgWowR
g ARE s & <" AIHS EDS #4E s3Itk Figures
107} 118 ARl Bz A3 20| HSE-Cj-C12 2} DSE-C1»-C128] W
AT A S¢terw & xjolE YehQlth EDS 473,
ASTM D665 EFWH oA ARESE AED AE-S ©h4x(6.37%), AtA
(0.83%), TH2(0.3%), "87H0.8%), H(91.71%)= T =0 g, F7)
ZFEPHo A ARESE A8l AJHS (3.56%), AA(1.14%), H7H0.62%),
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Figure 10. SEM images (A & B) of steel surface after anti-corrosion
test (weight loss method) of 100 N base oil containing 300 ppm
HSE-Ci>-Ci; and EDS spectra of steel surface of conusion section (C)
and no convsion section (D).

o
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Figure 11. SEM images (A & B) of steel surface after anti-corrosion
test (weight loss method) of 100N base oil containing 300 ppm
DSE-C;-Cy2 and EDS spectra of steel surface of corrosion section (C)

and no cormrosion section (D).
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Figure 12. SEM images (left) and EDS spectra (right) of steel surface
after anti-corrosion test (weight loss method) of 100 N base oil
containing 300 ppm DSE-C;»-Ciz; : weak comnosion position (A),
medium cormrosion position (B) and strong conosion position (C).

3}, okl HAE FEoME YEFS AZHA Qgtoy} das
0.27% (LAH 0%), T E F-218 FolAes YEFS 1.90% (2
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YA F AA9) o] Bofuvhe o) f W so] oshd AlEe]
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Table 5. EDS Data Results of HSE-Ci,-Ci2 and DSE-Cy2-Ci2

ASTM D665 (1 wt%) Weight loss (300 wtppm)
C/Fe O/Fe C/Fe O/Fe

Before the test 0.050 :1 0072 :1 0.033:1 0.05 :1
HSE-Ci,-Ci2 corrosion - - 0.039 : 1 0.128 : 1
DSE-C>-Ci2 corrosion 0.052 : 1 0.150 : 1 0.062 : 1 0557 : 1
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A ]

] =
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29 A vlE2 005 : 1, Akael H
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