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Abstract The development of new antifreeze mixtures containing non-amine-type corrosion inhibitors,
which considers environmental protection, has become a major issue. In this study, four non-amine-type
corrosion inhibitors were synthesized and used to produce five kinds of new antifreeze for automobiles
to evaluate the rate of copper corrosion. The effects were evaluated by the weight change, surface
observation, roughness measurement, and measurement of copper elution in the solution. The amount
of copper eluted measured by ICP from Sample 4 was small, and the elution rate was prolonged. Sample
4 showed the best anti-corrosion performance owing to a corrosion suppression effect by passivating
copper because the metal surface was smooth after the test, and the corrosion product layer was formed
evenly on the surface as small local corrosion was observed. The major corrosion inhibitor added to
Sample 4 was 1-aminomethyl(N',N'-di(2-hydroxyethyl)benzotrazole, which contained a certain amount in
Sample 5 to show relatively high local corrosion but passivation in progress. Therefore, among the four
corrosion inhibitors, 1-aminomethyl(N',N'-di(2-hydroxyethyl)benzotrazole had the highest corrosion
inhibitory effect. This corrosion inhibitor prevents corrosion by promoting the passivation of copper on
the antifreeze.
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1. M
AsAt= WA71He 28-S o]-85)
BA, Y7 He] SR A 21
AA A FAs= dF9] 1/34E0]
Ao I HEEZEHEE o]Z HH3] Yz
g0l HdH o AFgict ojuf AREoh= 7
= B0l 7MY 2 4= 48R oy
0T oJste] A= A g0 &
WAe7] 8 €9 18
A SFYFE FHECE st
E3E Eof 8&4 o|2E0 9o ¥y
Ue FEEY FAZ 9] Fei HRA
F5do] H7Igict.
Hed2 IA 47 ARl 229F 7 AES AA
o F= ARA 9 F49] FAE golgs FARIRA|
2 4" I19Y Bedy FARAAR AMEEE=
2-Fthylhexanoic acid(2-EHA)7} gttjojlolg] 7}AZ
=2 AMESHE Nylon-669] €& TAA7IE &4
7} Aol whet, o|9] oi4 HRte & 3 B Szt
A 1123k Non-amineZ] FAGAAE Zoloh= M2
5 7ol £83%F o|7t =z QitH1-2]. gykd
FAAAA HHo| FLet w9-Z A5t
SHHO A7155He wkEAdE HEAA RAKES
FaA7l= A2 dEA om[3] Ao 3t 549
&= F4] 3o et & Zol7t ik R4 A
= B7kets WS o7 ZEA7F Q1o A ARt
A1 B7PL 7hse B BAY E H7]55H A
| da] &&= UrH4-8].
A3ojAE HA Non-amineA FAHAA| 4%
gL o]& o]-&sto] AEL AEAE B 5F
Z3519itt. o] o] W AFo AMgEE T
FE9 FAof nX= JFE wetolr| fske] +
aE 53 4 AEEd Y &9 1
Aot f=det E=nt JoA
(Inductively Coupled Plasma, ICP)E A3}ttt &
ot FAPHA @u]7(Scanning Electron Microscope,
SEM)¥} 3-DEAHEE o83 2] RHRAHE AREo)
o A5AHE FaHo] &I HEs= 9 F
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2.1 SBAXIHN &g

2.1.1 Tri—acidAl 2AMXIA &4

2.1.1.1 Aminohexanoic Acid Sodium Salt &4

NaOH 12.8g(320mmol, 3.2 37 & 70ml<
Flaske]l ¥3 &9Ith.  Aminohexanoic  Acid
42g(320mmol, 3.2 FHE 2ollA FAstL A4 5]
gttt o g 25ty A6t ice-BathE At

B3t9100] HkgRo| P3| HolH ¥RS-S PAsHAr

2.1.1.2. Tri-acidA FAGAA] &4

Cyanuric chloride(18.5g, 100mmol)& & 150ml
of FAIZ] H Ice-bathE 085t 5THER Yzt A
Zict. YJollA THEo1A Aminohexanoic acid sodium
salt8H 1/3& AAI5] FYgict. o Igo] AstE=
5CE 9A grE Fositt. £9o] Evd 1A A
Rt FH ywA] 2/39] Aminohexanoic acid
sodium salt&AS Fot1l FFEY 25 ARC0E
S2A17It 20wt% NaOH £ A2 B350 A4
5] A7keto] ¥-gES] pHE 10~113% € w7t B
gk o] EUH ¥HE2 AlAl6] 71Este] 80T 7+
A S2AZ0tt BRFES 80T oA 4A17F wHIst 5 5
0CE YZA7]1 Azt & E& Aot ofmA S 4
208 YAAZIh ofnlS AAS] mutstHEA Zgh
HCI&AS F4sto] pH7t 4~5 =7} H=g 2743 &
2 Ao dAo] At A&d 23 ot
23] AlEgE ek stold AxRste] 39.8g(85%)9
2,4,6-Tris(5'-carboxypentylamino)1,3,5-
S 4

=2

triazine

2.1.2 TriazolA| SAX[H &

Benzotriazole 13%& Flasko] 4204 Fdst
Diethylamine&  Fdsht.  AAs] 715t
BenzotriazoleZ H5F =<1 F ¥F-&-Eo] YolAH ¥hg
E9 =& 65~70CE fAIgTh §HE9] &7 <t
X Formaline 1.083%S AlAls] 7l &
65~70CoIA 1AIZF B 4%t S/4do] B A2
o7 J7sto] Hygict

22 23% M=

29Z 250 g& 1,000 ml 37+ STATo| @
I AAS| wRESH, 250 ml o)A ol A7iske M7HAl
(Molybdate E+= Nitrate)s 24zt 5 g T2 3 g& o€
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22F 50 goll Y93l 60TA 587 WREAJAA &
9] &ol=H 37 EgAT0] Fsta Wyttt thE
250 ml Hlo]Ae] FEARA 3 g& 2,4,6-Tris('
-carboxypentylamino)1,3,5-triazine(°]o}  F-AJHFX|A|
1801)7} 2,4,6-Tris (5'-carboxyundelamino) 1,3,5-triazin
(oo} HARAJA| 1802)= Benzoic acid 25 g ©l,
1-Aminomethyl ~(N',N'-di(2-hydroxyethyl)tolutrazole
(oIt FAEAA] 1803)# 1-Aminomethyl(N',N'-di
(2-hydroxy ethyl) benzotrazole(c]d} F-AMFA|A|
1804)= Benzotriazol 25 g ©f ¥il 60ToA 587t
wyksto] 95| =W 37 SekATC] FYstal W
gigich w20 wet 71 J7HAI(1Y vdE 3R
7D 2.5 g & E2tA30] By T olg3l 29F 50 ¢
< 712 FYstal 308 1t wytste] R AlRE
Azotrt. olet AAE HeH A8 55 A=ok= 4
Hof gt ARFS Table 19 =31t

2o
=

2.3 B0 P2l B
FAAR AMEH FHAIHZ 999 % <=9 T+
HAZ, 5cmx 15cmx0.2mm 2712 A& A
At AxAIA 8t ESas 4 B7PgE 7]
o A2 AzxH AFsAHE £5d A= ‘_rLE] /\]ﬁ%
Y1 120C QB4 Hd 3F7H504A17D)S FHAIH
ok AlHE Ao FAZES EA51 %573?:1’ E4=
o} 2353 % Al(Inductively Coupled Plasma-Optical
emission Spectrometer, ICP-OES ; Varian 710)&

olgslo] glolo] 82H Felo FES RAsie

X0

—-

24 Fe|EH 24

T A9 4 FE PR mofshy] fsto]
SEM(JEOL, JSM-6490LV)2.& LA He] WS w2
o= $HH, 3-D EHEA]7|(Bruker, Contour GT)E ©]
|5to] 4 & HHO| 33+ T2aHA-E Z7gsto] vl
skt
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BAslol 7ejo] RARES Tjoksient
Table 1. Recipe of Antifreeze Formulation
Contents |Sample 1|Sample 2|Sample 3|Sample 4 |Sample 5
Etylene
Glycol o o o o o
Molybdate o o o o
Nitrate o
1802 +
Inhibitor 1801 1802 1803 1804 1804
4 :0)
Other o o
3.1 A S 2 =5

AlE A 9 AHe FAE
AZo] FAAZ T2 A|lHES 120C EA 35:7hS
ZAIAIZTE AHEZ Ao} o ECE AT &
S5t AR5 M9 T2 AlH FAQL H|awsto]
A9l A S5 A & FAGDR et
F9] B 24 Aus Z33510] Table 39| 423}
St

T2 Al FA9] WS S43 4 TriazolA ¥
A2 A7} Tri-acidAl ‘]?‘}*\Jl% A EE 2] AH 2A
9] ¥E H|Eo| o} Hr} F5dt FAIAGE 7HA L
FARAAE A
A4S 27t 0.62%9F 0.29%
Q1 ¥, TriazolAl F°14] Benzotriazol
A AL FAERA 1803 ARESE Samplel
0.058%2] FA H&5&E, ToluyltriazolAd FAHHA]
Al 18045 ARE3t SampledE= 0.12%2] ¥ME-&S 2o
EO2A TriazolA FAAAAE AR F5Ao4<]
FA wWHsol © HAUoh. HH  Samplesd A¢-
Toluyltriazol Al FAIHAA 18049} Tri-acidAl F-41
WAA 18025 6:49] HIER EF5to] ARHESHEOlE

B3l AJH FA H580] 0.057%% 7 Ht
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Table 2. Chemical Structure of Synthetic Inhibitors

Den(?mi- Chemical Name Structure
nation
N /\/\/\COOH
1801 2,4,6-Tris(5'-carboxypentylamino)1,3,5-triazine N)\N
HOOC\/\/\ )‘\ )\ /\/\/COOH
N N N
H H
WCOOH
1802 2,4,6-Tris(5'-carboxyundelamino)1,3,5-triazine )\N
HOOCW\ )‘\ )\ /\W\/COOH
1803 1-Aminomethyl(N',N'-di(2-hydroxyethyl)tolutra CLN
zole
1-Aminomethyl(N',N'-di(2-hydroxy ©[ /
1804
ethyl)benzotrazole

Table 3. Corrosion Rate by Weight Loss Method

Table 4. Copper Content(ppm) in the Solution Analyzed
by ICP-OES after Test

Specimen Weight(g)
Wo W Weight Change Samples Before After 1 After 2 After 3
(weight (weight | W~ WU\ test Week Weeks Weeks
before | after 3 W-Wot W, Sample 1 0.1 22 225 43.8
test) weeks) )
Sample 1 | 17.74 17.62 -0.11 0.62 Sample 2 0.1 9.1 11.2 11.1
Sample 2 | 17.32 17.27 -0.05 0.29 Not Not
Sample 3 | 17.15 17.14 001 0.058 Sample 3 | p oced | Detected 38 215
Sample 4 | 17.02 17.04 +0.02 0.12 o4 Not
Sample 5 | 17.36 17.35 ~0.01 0.057 Sample Detected 0.3 17 31
Sample 5 2.5 30.9 36.4 40.5
32 72| AB SR ZEGHs T2 B 2
Az HEH Amo] 73 AW Y 120C o ol Molybdate(MoO 277k F-2l9] R4 upxsh
ol ¥zt 157Y/257Y4/35YE AHA7IHA -ES AT 40 BHo PAHH B Fo EQPgAgoR Qlst

AFste] gRldo] 8&4 72 ol AFe ICPE 24
3t A3NTable 4) Sample 47} F2)7} 713 24 82+
PSS HolFon, Sample 29 A9 23319} 373}
9] steF 2ol Badrtol o ajety mdECh ICPe B
A Ay FRAEe A A e 29EA O
Q2 obz] HstA] A, 2|9 &S YA
g A7 =] B Fgste] F2le] §E2 &
2 ARt 2 FHHr.

&£ o
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of 29| FA] ®R]/d5o] S8 Zolth= Mustafa
51419 A+ Zto]| HjFo] & wf Tablelol 719
know-how@AZ SkA] 53t F71A 719 AL
I THo] & AR —ir JE}. o2 7] BHO
oju]A] £4& Foto] A SHolA FAHR] FhEo]
T2 EH] B8 3 %*35]'01 T2 R &
HZtk= Savitas(15]19] A+ A3k vhgs
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1ol #Esioith SEM ARl @& Ayt JjHoR
Sample 19] ARZ7} 7B Agt Aow yehyt)
Sample 2, 3, 49] A= it &4 o] ERI==H,
sample 29] % vt £4& w2t FAjo] WAgE Ao
2 HQltk Sample 39 HHOA = 2] ABHER Hol
YAEC] EFsHA FARE AL E & Utk
Sample 48} Sample 5014= 22 7 FEH Y FH5F
Alo] o5 A Ao] TAE| L}, o2 Sample
59] 2] #7o] 539 5594 Sample FollA A2
2 ujmnEe Aog Yeyth o= 8] AlHE B d
ol HAI717] A, Y B AeiE ISt SEM AR
(Fig. 2)2F H|wstH Hot geslA FAH EHo| AH
7] AEE merd 4 Slth
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) )
Fig. 1. SEM images of surface of copper specimens
impregnated with antifreeze after 3 weeks
(a) Sample 1 (x 200) (b) Sample 1 (x 1,000)
(c) Sample 2 (x 200) (d) Sample 2 (x 1,000)
(e) Sample 3 (x 200) (f) Sample 3 (x 2,000)
() Sample 4 (x 200) (h) Sample 4 (x 2,000)
(i) Sample 5 (x 200) () Sample 5 (x 1,000)

Lima  wmyen  BEE 1 EDEE1

Fig. 2. SEM images of surface of copper specimen
(original) before impregnation with antifreeze

o FAo] X YA HY HHZ 3-DE £4]
3t AL Fig. 30 3130t Sample 1 -4.6 mE
2.6 w7HA] FRAE A9 HAE B OW Sample 2
= -2.0 mFE 2.0 w7k Sample 3= -2.5 m FH
2.5m7HA] Sample 4= -2.4 m% ¥ 4.8 m7}A] Sample
5% -3.0 wHE 5.0 w7 FHAH FAQ] HAE B
At HAlo] 714k Algt A0 g Holx sample 19 A&
717} 7V 331, sample 4 ¥ sample 52 A&7]7} 4]
53t 202 Yo sample 29} sample 39] A&7
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Fig. 3. 3-D images of surface of copper specimens
impregnated with antifreeze for 3 weeks
(a) surface of copper specimen sample 1
(b) center magnification of specimen sample 1
(c) surface of copper specimen sample 2
(d) center magnification of specimen sample 2
(e) surface of copper specimen sample 3
(f) center magnification of specimen sample 3
(g) surface of copper specimen sample 4
(h) center magnification of specimen sample 4
(i) surface of copper specimen sample 5
() center magnification of specimen sample 5

ole] g Q9okolH, I A= samplel )
sample? ) sample3 = sample4 = sample59] <02
FAo] =2 o0& HRIth 7} Had A5 YoA Al
e vk Fe 2] A7) F2 samplel ) sample2
> sample3 ) sample4 = sample5, FA #3} vl
samplel ) sample2 ) sample3 = sample4 =
sample5E FH T ARl FARE o] et g
H H5H W 19 5% 37} &2 samplel ) sample3
> sample5 ) sample4 = sample2Z samplelof49]
T2 8& §571 7P =9 53t 12U sample5
olq9] 78] €& £X= samplel¥} sample2E ©]o] &
7r E0R, BA wslgolu 1 AWV|E2RE 25
= AT #EEZ & 5 Stk FARFIY AR ghol
ICP ¥47} v A4S Ueli= olf+ o2t 2ol
A 5= Qlt. 4] AY 5 |5 AlEY 7A sk
F&0] 825 ¥R{(Cu — Cu* + 2¢)dl] oJ3t 74| &
A} BAPAYE] HZ(o]: Cu™ + H0 — CuO + 2H',
Cu™ + 20H — Cu(OH)yell 9J3t FA] Z71& Q18] &
gt ICP B4 89 &0 8ofi=o] 3= 559 =
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75l Zo|nE RABHES FAsto] 34 AH 9
o A BHE F£9] ¢ wrgoA] g=rt. FA HIlkF
2 249 8&3 FAANE B0 At BA HEE 2
5 BHISERRE = ghgo] oJgt §A #ist A= sl 3
Folug GR AJafEo] B £ E AA|HEC LA 3
7V 4= Qlt}. Y FAlo] XE= A9 I35 HHY A
A7) FAlo] o] wet A2 F7tskAet 2R
RO| ERAL A ghofl E FFS A = gk
S, & A7 5 AR 5 A0 T =
2 712 Sample loJy FAo] 7P w2
Sample 4°]t}. Sample 12 F39] & &L 3
WY AZ7], BA WH3lgo] HE ARERTY EF5
o} BA] ghgo] 71 SsHA dojd AeE &
t}. Sample 2= FA Wskg A&7|7F AR5
W 8 5k 37PF =9 o= Hol HHOJA F4
AE9 B/do] &5l dolu= ACE FHHH. SEM
A 9 3D B4 Sample 298] AZ7I7F AF39] =
2 Z0BRHE F49 &1 BARHEY EFLT
AEo] dolutzS 8T 4= AUtk Sample 32 FA
Wl 2Nk ] 82457 =2 Holth mEhA
FAREES & B 2oL 187t o2 JEHE &
E5m 40| AYPEE= EAo] e AoE mekHEch
Sample 4°14+= F2]9] FAZE 4skA] ¥l F7FsH3d
ou ICPR 43t 129 && £7} Wi vt &
gAY & T4 o] ujTiele Holu o] A2 =
FEAo] TAEQIT wEhA FEl9] §E%o] L W
o RARHE 52 124 FAot= 208 Helth #
AAYgEo] Adstal I 2A FAHEH olF FAlo thgh
Bouk A4S & 5 oy S50 Fofsid 4= 3l
o} W2bA Sample 49] 2442 2]9] FEE|slof FA|
AAlo] EFHHRl Ao2 HRItk Sample 59014 ]9
FA kg wie- Ao & F Y 8 KT
L3 Holltt. Sample 49} FASHA EHHo| WjIIE A
b FHEAO] Jj=7t Sample 4XTh Btk weEbA
Sample 5% 72]9] F-5EEl0] |Eigt 8ol Sample 4]l
Hls| A= SR5AT BT FA4d0] =2 Holtt,
Sample 49 Z7F 9 FAAARE 1-Aminomethyl
(N'.N'-di(2-hydroxyethyl)benzotrazole=Z, ©] F4] A
AJEL2 Sample 501= ¢ &F ZEH ) oA 2
Aol A 7P FA oA Bt w2 B4 HAA=
1-Aminomethyl(N',N'-di(2-hydroxy ethyl) benzotrazole
2 F29 REHslE EX5ks 27t Qs AR A
ZYE o}
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e Lgiom AlE & g% FHo| Wi Holu &
Hol| 22 FRREA o] FAE|Qlong Fo] GETFo|
A1 qHo] RABHE S 1EA FAol= AR
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