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Synthesis and properties of organometallic coatings containing
azole silane coupling agents
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Abstract:Two azole silane coupling agents, (2-thiazolyl)propyltriethoxysilane (TUP) and
imidazolamidepropyltriethoxysilane (IAP) were synthesized from 3-isocyanatopropyltriethoxysilane and
2-aminothiazole and imidazole. Organometallic coatings were then prepared by dipping method on the
copper foil surface using TUP and IAP as then main film-forming agents, and further compared with brown
oxidation film and organic coatings containing methyltriethoxysilane and 3-mercaptopropyltriethoxysilane
respectively. The coatings obtained were characterized by FTIR, SEM, AFM and contact angle
measurement, followed by evaluation on its corrosion resistance as well as the interfacial adhesion between
copper foil and epoxy resin of the laminate. The results indicated that both TUP and IAP were successfully
grafted onto copper surface, and provided relatively smooth and compact organic protective coatings. The
organometallic coating containing 3% TUP (based on the total mass of ethanol and water) exhibited
excellent smoothness and optimal hydrophobicity, with both the arithmetic and root mean square roughness
<21 nm and the water contact angle up to 142°+1°. Furthermore, the corrosion inhibition efficiency could
reach 99.2% and salt spray resistance was up to 14 d, revealing good corrosion resistance. In addition, the

peel strength of copper/resin laminates achieved 5.97 N/cm, which meets the interfacial adhesion
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requirement for printed circuit board.

Key words. azole silane couple agents; organometallic coatings; flatness; anticorrosion; adhesion;

electronic chemicals
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1.2.1 TUP #14 &

¥ 5.00 g (50 mmol ) 2-ZIEWEMRYE N, R4 F
% T 60 mL Jo/K THF H1, 50 °CHEFE RN 12.35 ¢

(50 mmol ) FEFRNIE =LA IR, 50 °CIHIE
Pidk 2 h SRS RN . R B, 3R
R , = R vORE ) - vOCEmEE ) =1 ¢
2 VR RERCAT, BEZEHIBR A IS 2 R
RISR TUP., & M40 T iR . "THNMR (400 MHz,
DMSO-dg ), d: 10.30 (s, 1H), 7.29 (d, J=3.6 Hz,
1H), 7.00(d, J=3.7 Hz,1H ), 6.56( t, J=5.8 Hz,1H ),
3.75(q, J=7.0 Hz, 6H), 3.10 (q, J=6.6 Hz, 2H ),
1.49 (dt, J=15.8. 7.0 Hz, 2H), 1.15 (t, J=7.0 Hz,
9H ), 0.60~0.52 (m, 2H); “CNMR (101 MHz,
DMSO-dg ), d: 160.58, 154.27, 137.73, 112.16,
58.19, 42.27, 23.60, 18.67, 7.61,

&

0 H H 0/
]\&NH +OPN~AGO_THE | NONG N~ AT
[s : O\I 50°C <\,§/ Br Q

1.2.2 IAP #94 %

1 3.4 o 50 mmol WKMEYE N, -4 T T 50 mL
THF 1, 7E 50 °CRESBEHE Fifin 12.35 g 50 mmol )
SRR HEE = L EIEAERE, 50 °CHERE 2 h &5 R/ b .
BEZERRRE A, B AR E R A, H v (A
B ) = v CAhEE) =4« 6 RS, Tez8f5 8%
WAOFFWAL, Bh IAP., &L I R R,
'HNMR ( 500 MHz, CDCly) , §: 8.42(t, J=5.7 Hz,
1H), 820 (s, 1H), 7.53 (s, 1H), 692 (s, 1H),
3.76~3.70 (m, 6H) , 3.30 (q, J=6.7Hz,2H) , 1.67
(m, 2H) , 1.11 (t, J=7.0Hz, 9H) , 0.63~0.57 (m,
2H); "CNMR (126 MHz, CDCl; ), J: 148.89, 135.88,
129.78, 116.20, 58.48, 42.95, 22.61, 18.28, 7.77.

N Ce Qo , THF N, H 0
NH + 0SN"~~"gj \/7 N_N SiTN—
g/ g\l 50 © |§/ \g/ \/\/0

IAP
1.2.3 B K LR Ao AR AL R 69 ) &
1.2.3.1  JKA# Al 4%
PR 1 IS RELEK W . LA m (LK CBE) -
m (7K ) =90 : 10 fERMIRAEF, HKERRIE T

pH=3.0, # KH132 Fll KH580 #% %4 3% ( LAJE/KZ
SRR A BT R 3, R IR ) B = B
A3 HIAS KH132, KH580 /Kf#W . 44 TUP 1 IAP
ISR 1%, 2%, 3%. 4%. 5% (LLJC/K 2B
FUKE R, THE) WmELRER b, 5
TUP-1~5. 1AP-1~5 KFEW . i 13 oK g R b
JRPE R 30 °C, JKfFEFIE] 24 h,

Fl R SRR 7 AN K A8 SN S5 A

Table 1 Formula of silane hydrolysate and hydrolysis
reaction conditions
D T I T T
/g /g
1 ZH 90 10 — - -
2 KH132 90 10 KH132 3 3
3 KH580 90 10 KH580 3 3
4 TUP-1 90 10 TUP 1 1
5 TUP-2 90 10 TUP 2 2
6 TUP-3 90 10 TUP 3 3
7 TUP-4 90 10 TUP 4 4
8 TUP-5 90 10 TUP 5 5
9 IAP-1 90 10 IAP 1 1
10 IAP-2 90 10 IAP 2 2
11 IAP-3 90 10 IAP 3 3
12 1AP-4 90 10 IAP 4 4
13 1AP-5 90 10 1IAP 5 5
e =7 AR
1232 B L il

TR 10 g, RAEUK 10 g, HCOHE 0.5 g,
P PEBAHIEE 1 g, HIR 0.3 g VKBSAR 0.3 g, R4l
K 77.9 g B ELBIECHIAS BB ; IR R T
Bk 0.036 g. BTA 0.01 g. 7K 99.954 g [ b o i 1 75
FTIIRW o R B R I W 2 R R AL AT AR B 2 K
] T 28 B AR g 5 T R TR RS BE TR S, ARAS T
KEy R, AR TGRS, PR AR
Wrh IR IS, TR R W —E A YL, 2
f A T A 2R TG T e, A IS S A AL BRI PR 2
5], HEWRR 9 g BTA 0.8 g 2-ZFEMEML 0.1 g
XK 6 g FIK 84.1 g B I3 BIAE AL .

1.2.4 AHAERERA R &

VIFASE (2 cmx2 emx0.1 mm ) fENFEM, 25
AL 10%BRIRIE U L BRE ALY . KVERRIR . it
A3E 10% E A A ER 7K I TROE DB 22 BRihTE K VERRB |
ST R P BUORLRE BETE AR . K BE . 90 °C T
A3 40 CCHRARIR (A7 AT K 8 T8 A B
TR TR 1 min) FIR 19 13 FhRE S /K A
ZUIAL B 1 min, FHELA 90 °CEZS T4 i &
bt 2h, BF=H (a), KHI32 (b), KH580 (c).
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TUP-1~5 (d1~d5). IAP-1~5 (el~e5) FlkEfL ()
it 14 MENEREIRIZER A .
1.3 SHRMESMHEEENK
1.3.1 FTIR & 4E

I D A B I A 46 R 0 4 I i 4T A1 6 ( ATR-
FTIR ) M WL 8 R E R B RRE L AT, HHK
16 Wk, PR 4em’, BREINE 0.482 cm.
1.3.2 SEM #lX

AN [) RS S T 25 Ach B8 A 0 R 810 S
WEZE 10s, MEAWEEIRIZRIIEN .
133 RBRFH 25 (AFM) @l4X

FH AFM AR S T2 5 R 2R &
THRE R, DR IR SRS YRR B (R, ) A3
MRS B (R, ) ARRAETIOIAT B 19 5 BRI o
1.3.4 K4k A m K

SR AR I SOSR 2R BB K MR T RAE
1.3.5 w43 A K,

FEL b 2 03X 45 B HL A2 0 A i 4 T E b 2 B BT
i (EIS), LUREAFEANER R IRZENH R
Jy TAER A CIRT AR 1 em?, HAEBo FHIR AR G
B%E), WATHREMAE S i, FE AR R T
HA . AR ITE R IR R . BE A ECh 3.5% &k
KR IR 72 h 5 Zennium Pro HL L2 T AE
wli FEA T A YR I M -300~+300 mV, F4#
D71 f A W ENIE W, HE R S mV/s, dlid
Zennium Pro Analysis 7387 85 43 BT 16 1k F i 2%
JE Cicon ) FUEMABE (Eoy), IR (1) 1HES
e (n, % ).

.0 o
/% = o —teort 10 (1)

lCOlT

Qo N TCURZHTE M ML R B, nA/om?;
icorr yyﬁm{%yh%?)%ﬁﬂ?ﬁ%%fﬁﬁﬁﬁ%ﬂ‘g 5 nA/cmzo
1.3.6 2k ol i

Z M8 GB/T10125—2021 75145 B 4L J5 B i 56 32
T %7, SR G 3h 25 i g0 A A T Eh 2 & Ak it

P 50 /L A SEALERTES VRN Wi 25 A T, S 50 i B 4
FifE(35+2) °C, pH J 6.9~7.1, RH#ELEm % .
1.3.7 HAKZEEHE

21 GB9274—1988 TEXE IR K& k5 1Y
i S I8 U T T B0 3.5% A AL BRI P, W
KT 1.5 cm, 2 LSRR 2 1 A9 iR Ol o
1.3.8  # & 3% K
1.3.8.1 MR HIfES RS

BHARERET AR 5 cmx7 em N, 288 1.2.4 357
FRVRE: A 7K At T A A YROKH ) ) s e T 4 7 T Ak
M, H& 14 AN RERZEK . IS —;
0.8 mm JEE 1Y B A AV S B, AE AR P T4 S L —

SRR ARG 1080 2 [E1L F, PR RS AR i & T
FRIREM R AL 2z b, b S AR G O
W (AbH ) 5P A e B 7E
T IRANE I — A AL A G, A R L
1, RIG& T, B, B, Mzl T2 )5 6
ik, SR B 7 45 0.3 cmx7.0 cm BOIHR 45 .
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Fig. 1 Scheme of laminates process
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BT B RTINSk — i A R G, TR S e
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A EE My, AR 5 A,
HAPHE, #%:C (2) IHHRERE®RE (P, Nem) .
p-£ (2)

w
X FORRIME, Ny w IS E, om, A

SR 0.3 em,

2 HZHREWE

21 LI5MSEIESHT
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LRI IR IR B LLANE TG A
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Fig. 2 FTIR spectra of organometallic protective layers
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K2, b, c, d. e #IZLE 1000~1100 cm ™' &b
BIMBELT Si—O FRAEM g, 25k be K i i
Si—O—C Ml Si—OH Z[1] i /K 4 & B Bl o) 11K 3%
Si—O—Si 454 LA K Si—OH 54 # 1ii—OH TE N4
B FRIE B Si—O—Cu FhAf i (g  fiF e 42426
ULEA 4 vk be (B ) 28 /K Mgt [ A I 740 R T TR B T
FHHLABGEIE R B 2f fk T 2B Bk AR 4
JEH F R A b (CuO Fl Cu,0), TEZL
AN G AR AR I A
22 BRERMMESR

Al ER)ZA A RIES T #ET SEM Sk
FAE, B3 SRR R RS R BE T 20 A AL iR
ZEi B SEM &, i IE 3a Al 55 4 T P
FARERAR AR IE 5, B Foia bR mei—
BEAH /N, F R 3b R e AT, 4 KH132 4bFf S,
WEERTIE L T — 24P, RIERAEAE D R
AR, UEBHIZ AP R R A A R P A T &
KH580 Zb )5, Sl TP il — 2 - e G i i R 4P s
AR AAE W 224% i IK] 3d Fil e AT UL, 4TI 22
TUP-3 Ab¥RfE, RPN T —2 M5 HE80%Y
STHPRBIRE, JC B U 58 2L A A 4
TAP-3 Ab ¥ 5 R TH TG, (AR AEAE AN /N RS,
M 3600, Spifb T2 A0 B, e ¢ i 2 2
TR IHRE G548, A AE — o TR BE YA BRI LB .

a—231; b—KHI32; ¢—KH580; d—TUP-3; e—IAP-3; f—H5fk
K3 AU IRZ SEM K

Fig. 3 SEM images of organic anticorrosive coatings

2z BRI, 5 KH132 . KH580 Flisik T2 A,
Hi T % TUP-3 il IAP-3 W FhIR Al e b R s, 21 Al

PR, T A LA JE IR 2 SOk, G
ke 5 2L
23 BRERFEN

HERE 2 H RTIEAN A LA R 1 2 b 1) —F
BT IR AFM X 2 BT830 FORDRS B2 047 3%
fE, S5RWE 4. 5, 256K 4. 5 AT, =SHEHE
T 2O S MGRRSE SR, R, M R AT HI R 82.5 FI
61.2 nm, ZRR A0 AL AR T S AR ) e R, R
REFERE ETF, Ry AR, 73574 257.0 1 204.0 nm;
22 KH132 Fil KH580 A I 85 5 4 114) 2 R RS B A
FITREAR, (EA S S R AR EE 5, A It A 0 Fn 2%
gEfy, FITHUEEE R E 34~55 nm; 4 TUP-3 Al
IAP-3 PHApMEREGEM BRI AL TS, 2SR
EIRFEEE, RyM R, FFEZE 21 nm LAF, #iH] TUP-3
H1TAP-3 3 Fp T2 BE i RAAEC AR TRELRS B2, R 1fT
FEXT -3

a—7%[4; b—KHI32; ¢—KH580; d—TUP-3; e—IAP-3; f—H5fk
K4 H A LR 2 K AFM &
Fig. 4 AFM images of organic anticorrosive coatings on
copper test plates
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P s AN [l B T 20 o ) ] T DR U 2 B4 ML 2
Fig. 5 Roughness of protective coatings on copper test plates
via different film forming process
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A 0<90°, M4 @RS FEKER, 24 0>90°, N
EEKYE, BEE 0 IR, BiKTEEOR B, & 6
MR R S R HLA JE IR 2 R I K ik A
. mE 6a. bralHl, 25 HiLH & KH132 B9AHL
WREE KR K, X X PR T2 R R 4
SR WA SR . B 6, KHS80 IR 2K 4%
filfoh 101°£0.5°, IWRZRIMBHE AN, B 6d~f H
IR 2R T 1200, F W] TUP-3., TAP-3 FiI
FRAEIX 3 B T 2T A AR TR 2 KR dE & T HE &
B K, Hdr, TUP-3 Fil TAP-3 33 P s i
T IEFR PRI 2 A £ 40 oA 14201911 131°£1°, B
IR FEAE AL B AR S, BEA% 8 4 b 10 51 J8 ok DX 1 1)
=ik, (R T FK TR S M TR B K
R [T v W S ] i S 2 O

a b
64°+0.5°

88°+0.5°

101°£0.5° 142°+1°

e 131°£1° f 123°+1°

a—2%1; b—KHI32; ¢—KH580; d—TUP-3; e—IAP-3; f—H5fk
K6 ABLIRPERIZK S A
Fig. 6 Water contact angle of organic anticorrosive coatings
on copper test plates prepared with different process

25 RERE % EE
2.5.1 AL & 5T

SR AL T ZE N EIS J& B Al F0E 12 i85 ik
PR EEFBL, B 7 225 A A AT KH132,
KH580., ##fk . TUP-1~5, TAP-1~5 IR 14 H 76
AT BN 3.5% M EALEKIE R IR 72 h /Y
FimMALI L . 2 2 JERIE TR 2 A I e
FE Cioor ) JEMAE (Econ ) FIZZIRAE (5) BHE
HE 7 f 2 Al MET = A#R, KH132,
KH580 ., £1k . TUP. IAP 142 096 i oz i K,
JE Tk FL T BRI, IR Bt = . AT

FEALIE, TAP-1~5 Fil TUP-1~5 A5 HLAF- 47 B3 (14 J65 ok vl 37
B WAL IR 355 nA/em? 4F BIFEIRE 144~327 .
103~303 nA/cm®, A4 5 b L JA0 285 X6 17 L 47 A
BiEgtERE . [RIEE, WrlLIE S, BE&E 1AP fl TUP &
BN, SRR R ETHEE FRER R

3l —— KHI32
—— KH580

1g[i/(A/cm?)]

02 01 0 01 02
E/(V vs. SCE)

1g[i/(A/cm?)]

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2
E/(V vs. SCE)

K7 APLEERTIRIERR A 2
Fig. 7 Polarization curves of organic anticorrosive coatings
on copper test plates

#2 BRI RERS

Table 2 Corrosion parameters of coatings on copper test plates

E or/mV iw,r/(nA/cmz) n/%
EgE| 103 12200 —
KH132 111 692 94.3
KH580 118 488 96.0
TUP-1 126 303 97.5
TUP-2 144 236 98.1
TUP-3 214 103 99.2
TUP-4 162 170 98.6
TUP-5 129 206 98.3
IAP-1 134 327 97.3
IAP-2 154 284 97.7
IAP-3 221 144 98.8
IAP-4 175 208 98.3
IAP-5 136 288 97.6
FEAk 121 355 97.1

B 7 RRTEMAE, IR I,

AT AE I ARG 2o e A e A e S O
A 1 ) SR AR S A T AR, A R I R ) e
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RIESTELB TR, SRRz EAET
WK 45 A5 SN R T R, R AR e T8
K TAP )2 1 TUP U2 AR 4% B8 1 R o A 570 A
KA T2, PR 45, Hh IAP-3 F1 TUP-3 IR
EEMACRBIAE] T 98.8%M1 99.2%, BjjEE
BEE AL S, TUP-3 U2 1 B JEF 5 SR A X fe it
2,52 wiuFrLiig (EIS) o4

8 I 9 43545 1. KHI32, KHS80, F#
1k, TUP-1~5 il TIAP-1~5 ¥ 7 005 S 78 o i 20 B0k
35% M AL E W P IRH 72 h 9 Nyquist &l
Bode &,
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