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Modification and Performance of Polytriazole Coating

SHU Da, WAN Ligiang, LI Yuanmeng, ZHU Shuaishuai, HUANG Farong
(Key Laboratory of Specially Functional Polymeric Materials and Related Technology
of Ministry of Education, East China University of Science and Technology, ,
Shanghai 200237, China)
Abstract: As a new coating system, polytriazole coating (PTA) had many advantages
such as low curing temperature, heat resistance and excellent anti-corrosion
performance so on. But due to the presence of more rigid groups such as benzene rings
and triazole rings in the structure, coating PTA had high brittleness, low impact
resistance, poor adhesion and other disadvantages. With the continuous improvement
of the coating performance standards, not only did the coating need to have good heat
resistance and corrosion resistance, but also the coating had good mechanical properties.
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Therefore, starting from the molecular structure of the polytriazole coating, the third
monomer dipropargyl bisphenol A (BPA) and bisphenol A bisazide (DGEBA-N3)
respectively were synthesized and characterized by Fourier Transform-Infrared-
spectroscopy (FT-IR) and Nuclear Magnetic Resonance Spectroscopy (*H-NMR). Then
according to a certain ratio, BPA and DGEBA-N3 were added to adjust the properties
of the polytriazole coatings, and synthesized the modified polytriazole coatings B-PTA
and D-PTA. The curing process and thermal properties for the coatings B-PTA and D-
PTA were studied by Differential scanning calorimetry (DSC), FT-IR, Dynamic
mechanical thermal analyses (DMA) and Thermogravimetric analysis (TGA).
Meanwhile, mechanical properties and anti-corrosion performance were investigated at
25°C. The results showed compared with coating PTA, the glass transition temperature
(Tg) of the coatings B-PTA and D-PTA was reduced, the thermal stability (Tas) was
basically unchanged. The shear strength, adhesion force, impact resistance and
flexibility had all increased, the hardness was basically unchanged. Meanwhile,
corrosion resistance of the coating B-PTA was improved in salt spray box, w=10%
H>SO4 and w=5% NaCl, and reduced in w=10% NaOH; Corrosion resistance of the
coating D-PTA was improved in salt spray box and chemicals medium.
Key word: modified polytriazole coating; thermal property; mechanical property; salt
spray resistance; chemical resistance
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1.1 FER5EH

W AL FEAEE. W A 45K HmEE, 290 ra, W E Rk R T
HIRAF]; SR (NaNs) , 7rirall; FAE: (NHLCD | oK ERE: (MgSOs) -
BRIREAN . SABe, YA HTal, TWH Bt B R IEG R AR, &K
F g (DDM) « L RfEE (DMF) « —&H %t (CH2ClL) « Z. (CH3COOH) .
VT B, Bhortral, WE FiBRBEHE RO AR AR R REE
(BPDBA) . N, N, N’, N’-VUk3t-4, 4- — & Fk- K H ¢ (TPDDM) , SZE'=
Hifil; SLimaRirtr: a4 AA2024.
1.2 R=EMGRERIH%
1.2.1 B=MFRRA R 2 3FE TPDDM 1 BPDBAM i If & 2 tb A 1.02:1)
REE B = TR, o 2 2 (BRSO N 70 % N B . /£ 70 C
I R INAASERE 16 h, BRI GR WM IETURK PTA, R 58N
1560 /=4, %)%y 30~50 mPa « s.
1.2.2 FEMEAHE  SEREAHE SR GB/T 7124-2008 #47. HAMASRUIF:
S H 400 H (38 pum)EALER R 4RI EE AA2024 SR &a b R, ARG 2608
IKWES, BANCER/KER (pH3) T 5min, FIZM/KAEH A B8 T E%s 5 min,
FERA ST TR H
1.2.3 RENHI% S8 GB/T 1727—1992, ¥IEM A& E, e, B—
SE T 5 MR IR TSR ) ST Hb R AE AL b, B 60 pm R f A, DL 150
mm/s IR E SRR AL, H IR . AT VR IR R 240, 7E 180 CHt
MW 2 he BMCEERIG, KA, FREE R A a2 N BB PR T
FRes N AR, L E SR ZE R EE DY (35+5) pm.
1.3 BHER=MRE RS %
1.3.1 BPA & A W A N SERE Y & i S 25 SCHR[28] 1 7 72 kst . WU
A (22.83¢q) , fEALFIIYT IR EE (4.839) , w=20% NaOH (100g) Zr7lhnA
B =R, HEOFRABE . TR BREES . WA (17.149) f£50 C
e T IR NI AL, %I INEE 60 min, £ 70 “C& M 16h. KMV EE R



J&, F2EFKKPERR 2 NaBr. NaOH %5745, 15 EkL~=9, I = Al 45
3K, ik, fE R HAR T, 153 k. 7738 96.4% ; I 5 76.5~79.5°C.
HEp M FRERmE 1 fis. 'H-NMR(CDCls, TMS): 6: 1.64 (s, 6H, —CHy),
2.52 (tr, 2H, =CH), 4.65 (d, 4H, —CHy), 6.85(m, 4H, —O; —Ar—H), 7.13 (m, 4H,
—C—Ar—H); FT-IR(KBr): 3284 cm}(=C—H), 2118 cm™(C=C), 1220 cm}(Ar—O0),
1016 cm™(0—C)-

CHs CH=C—CH,—Cl FH
HOOEﬁOHNa—»OH/HZO,mmym CHEC—HZC—OOEﬂO—CHZ—CECH
Kl 1 BPA )& s 45
Fig.1 Synthesis route of BPA
1.3.2DGEBA-N3 {5 B DGEBA-Ns & iS5 SCHR[29] 7V F it o WU —

ik HmmEE (179) , NaNs (9.75g) , NH4Cl (8.02g) 43 lhn N3] = e §,
AN 136 g DMF 1E N N7, 7550 ‘ClM 36h. RMNEEFR G, F & H 5
I EABUE YRR 3 K, I & oK BB BB E AL, g,
figzk, RS PHT, [RR ORI, Ha U TR 2 B,
'H-NMR(CDCI3,TMS), d: 1.63(s, 6H, —CHa), 3.52 (m, 4H, CH,—N3), 3.97(d,4H,
O—CHy), 4.14(m, 2H, CH—OH), 6.81~7.20 (—Ar); FT-IR(KBr): 3390 cm™(—OH),
2100 cm™(—Ns3), 1220 cm(Ar—O0).

NH,CINaN, o
CH O  DMF :

&_Hzc_o@(;@o.c,..z_u N3-HZC-HQ-HZC-OQQ—@O-CH2~QH—CH2-N3
CH,§ 50°C/36 h OH CH, OH

I 2 DGEBA-N; £ it £k
Fig.2 Synthesis route of DGEBA-N3

1.3.3 HtER=MHRENHIE HY, %K 1 ProsiFIFREl BPA. DGEBA-Ns.
TPDDM. BPDBA R IR = M ke, FLRE &8 (RESE0 N 70%HHN
BRVET . 76 T0CHITMB R InHSEFE 16 h, SRR AR =MMAETIRR, Ho
T8N 1600 £ 47, FiFEA 30-60 mPa.s. AR5 41 4 5 = i 2 1 5 = 46 otk
MR E B-PTA #1 D-PTA, BRI FEWE 3 B, [k EIEREZERE
FE N (35+£5) pm.
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Fig. 3 Curing process of modified polytriazole coatings
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Table 1 Ratio of functional groups of raw materials

Functional group ratio

Coating

BPA E51-N3 BPDBA TPDDM
B-PTA 1 0 1.96 1
D-PTA 0 1 1 2.04




1.4 PRXSRAE

BHEILIREGE (*H-NMR) : f#[E BRUKER Advance 400 Hz 74/ B M- #Z G &
PRIEAL, LL CDCls ¥ 7, TMS AWHR; A 4MGIE (FT-IR) : 3E[EH Nicolet 5700 74
ZLAMGIERA, FESCSRA KBr B, S8R 400-4000 cm™, 43 #%% 0.09 cm™,
R E 32; TR HT: #E[E Elementar Vario EL [IIEY G R0 ZRTAHEE
AT (DSC) = FE TAQ2000 A Z R & M HTA, N2 A4, FHl# 2 10C
Imin; Z& SR (DMA) « Fit: Mettler Toledo DMA 1 BI5h7& J1 5437 #r
A0, DASCEE R E, THEEZE 3°C/min, REHHE 11 Hz, HETEHEY 50-
300°C; #KEHT (TGA) : Hit: Mettler Toledo TGA/DSC 1 A4k E 43 M43,
N2 SR, A=A 60 mL/min, E VRN EE-800°C, FHEEZE 10°C/min;
e T B (SEM) : Carl Zeiss EVO/MAL5 EL25 B T 4 .

TR . e PR IR JBA, #4118 GB/T 4957 HEATIN 52 ; B U)o B 5 7
MR KBS FRE R B A PR A=) DDL-100 B e 74 JJHL, 35l GB/T
7124-2008 #1 1SO 4624-2002 HATIMIA: FeWME: HEIAIMEL TR H AR A R
N F) QTX B MEFIMERIGAL, %18 GB/T 1731- 93 #HATIIE; MHRE: HIFEHFENL
HA R A PR /A 7 LX-D AR IA 3, $% GB/T 531-1999 F# J& 147 52 ; i o o 1 -
AR TR AR A IR A E TCY it phdrikes %, %M GB/T 1732-93
BEATIE s Bt iR RECTHAR R A R A F JC2000D3 A 4% ik il
WA, WEHE 220 V, 5% 4 50 Hz; MEhZ k. B s A IR A =
LRHS-108-RJY #hZiRIH, Th/KIKIE 5%, h/KIEE 35°C. ikt S
GB/T 9274.88 AT, /M JFi AN 10% H2SO4+ 10% NaOH. 5% NaCl, i 25°C.

2 &R 5
2.1 BHER=MRER DSC 447

K 4 etk =M% 2 B-PTA A1 D-PTA [k #2f¢ DSC iz, DSC 4r#r
AR 2. SRR B2 PTA BRMHHERE W TR B AR E 7 A
107°C. 149°C#1498J/g, A BPA. DGEBA-N; J&, %)= B-PTA 1 D-PTA [Ji8
BSCHA JE TR S R AANAR , TR AE 440~500 J/g 2 [A]. PHUEAT S0, ok
BB ER 1, 3-SR N AE 105°C 2245 HaG N, HH R
(] 0L A R ) R B P RE T B B (R 2R, SR =R R T v MR PR [ A o 2 72 AR £ L
AEFLEEBRIG, B BT T RS 24 h BRTE RO ST B IR
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Fig.4 DSC curves for the curing process of the modified polytriazole coatings
R 2 BHER=MRZE R R DSC il
Table 2 DSC datas of the modified polytriazole coatings

Coatings Ti/l°C To/°C AH/(J.g™)
PTA 107 149 498
B-PTA 101 147 490
D-PTA 104 148 445

2.2 BHER=MRE R NSRRI LA

Bl 5 Nl 5 =i B-PTA 755 A THEM BURFIEE e IR0 FT-IR B, 3%
¥ 3300 cm™ Ze 45 B T =C-H {44k a0, 3 21 2100 emt &b BT 9-Nas (4R R
BV, PEE 3100 em™t a4 AL T S MEER AR RSN, Ui AR AE T 1, 31K
E2Ni[1)59 g A

MAAMEE T DLE H, B RBGEE R, JECN 2100 em™ T &
FEALL K #3300 em ™ it p bR A A AR PR B B WS, Tk 3100
et BT R =R ER AP AE iR B W s, U EAL IR A 180°C R, R B A
AR5E4. 46 DSC 2k, B PART DA A T2 8 =0 24 h #1180°C. 2 h.
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Fig.5 FT-IR spectra of the modified polytriazole coating B-PTA at different curing stages
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2.3.1 WEALEARE K 6 AR =1k Z B-PTA £1 D-PTA ) DMA Hh 2k,
TSRS TR 3. MWK 6 ffULEH, BEERERIEM, WREMBEEIREFL.
MR 3 IR LIE L, &2 PTA K To N 230°C, 251N\ BPA. DGEBA-N;
&, tetEER)ZE B-PTA fil D-PTA [f) Tg 43708 174°C. 160°C, ¥/NTFiR)ZE PTA 1)
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Fig.6 DMA curves of the modified polytriazole coatings
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Table 3 Tq data of the modified polytriazole coatings

Coatings PTA B-PTA D-PTA

T4/°C 230 174 160

2.3.2 RIS 7 NS =2 B-PTA Al D-PTA [ TGA HiZk, 4-#r
SR TER 4. NE EFTLLEH, S PREF BN 300-400°C, 340°C At #4
O PRI R IR =, R O LS IR CHo—N 48 52 HOR AE I 2
= MR A2 A ATBCH No FE ] 512 R 400°C 2 5 N8 AN IVKREINEL, 7 T8k
E R iR T TGRS B FRFE LA IR &1 o FHR 4 AR AT LUR 172 PTA.
B-PTA. D-PTA ] Tas 7> %A 357°C. 355°C. 348°C, ekl j5is 2 e
EEREARANAR,

100
80
&
o 60
S
% g |
‘S 40 -%95
= B N | e
20 'g 90
3;10 TrC 3é0 ‘ 380
0 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800
T/°C
7 BRI = MRE ) TGA 2k
Fig.7 TGA curves of the modified polytriazole coatings
F 4 B=MRER TGA Hidl
Table.4 TGA data of the modified polytriazole coatings
Coatings PTA B-PTA D-PTA
Tas/°C 357 355 348

2.4 BUHER =M E R e A

2.4.1 BIYIGREE . ME T 8 S i I8 = Wk4 2 B-PTA Il D-PTA 7 25°C T i
BIUIREAIE 71, WK 8 TLLEH, MERE PTA F10\ BPA. DGEBA-N3
&, WEMBIYISREMME A T RER S . HPRE B-PTA KBS U5 F
715N 19.6 MPa fi1 43.8 MPa, 5ik)Z PTA #LL, HETUIGHREIE S 27%,
biE J1Hm 22%; 2 D-PTA BIBIYISREE A A 71437588 19.4 MPa #1 44.6
MPa, 5i%)Z= PTA tHLL, HEBJUIMREIR S 26%, PG Ji$em 24%. oofth 5 =mk
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WE B Y58 B A & 1R T MM s ESL/DDM 1R Rk Z . HEAT I, BPA
1 DGEBA-N3 A UAYE— @ FEE LI = Zkhgh e, XEBESMHR=
WA P A8 B85 B PRI e PR A | Tk S R MR I I B N R R, RIS e S5 (3R 2 B-
PTA F1 D-PTA By {58 B AP & J1 28 AAH A

(Il =nEE (VPa)
S50 I mESD  (MPa) 47.4435

43.842.5 44.6£3.1

a0
35.9+3.6
0t

20
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Fig.8 Lap shear strength and adhesion of the modified polytriazole coatings

2.4.2 TR, Wppe . FEMENE K 5 Rt R =Mk = B-PTA WAESE .
b tERE AR I . BERE R IR E R — N EE Y EEERE, RBR T — DRH
LA — MEER. 8E. DIRIANZERRE YT, HRPEERTAIRZ PTA, B-
PTA. D-PTA MHEE#AES &, 208 92+ 90, 91, KA BPA. DGEBA-
Na e S5 1) 5 = e SR P AR AN AR

TR o M TR IR R AR R ZR AR A T PRI AR T A tH LT R BN &
JE A VA IRE T, BRI T IR W FE AN KA B S ). R h i o
)2 PTA. B-PTA. D-PTA BJIEMAHIA Y 80 kg.cm, T e &1 1R K2 51 4 3l A
10 kg.cm. 50 kg.cm. 40kg.cm, UiHHIIA BPA. DGEBA-Ns B4 J5 ) 58 = MhiR =
Mty PE A AR KER S, N BPA Bt 5 134 2 i v o P BE B o

IR IIEIE R Z RPN R8s BoRiRZE PTA. B-PTA. D-PTA
32420518 1.5 mm. 0.5 mm. 0.5 mm, FHIINA BPA. DGEBA-Ns &1t
JE R = MR = B I G 5

H TR =M E 0 TR ORI & EBIROR, B ETE = 4EPIR g5 R, T3
HNERR, U2 K. 457 BPA Al DGEBA-Nz J&, 145 = m
WIZ AR R ERERER I, RN gl N 7L R SE gk 4], A
T B A 1 I J2 DT A0 T 51 RS WS i S N IR 05 i 1 IR IR i 1 SR,
AR ER TIRER R AOAEE . oo R =i 2 Al fE 5 ESU/DDM 1k Rk 2 FE
A=, Purpith LWL T ESL/DDM R RiR)Z
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Table 5 Hardness, impact resistance, flexibility of the modified polytriazole coatings

Coatings Hardness Impact Flexibility/mm
resistance/(kg €m)

PTA 92 80/10 15
B-PTA 90 80/50 0.5
D-PTA 91 80/40 0.5

E51/DDM 90 80/10 1

2.4.3 MERZEME I 9 FIER 6 nT AN, SRS =i 2 o K M OKE A A< 90° ).
IX 32 B T o R = e AU R ) DL R ME BT S 8, 52 8T Kumar A
H R HERIE N — PR =R E A — 200, B SEM W& (B 9 BoR, &
JZ B-PTA £ Z 46 30 d R HARH LI, WHRMIZR, X5RRP MR
MILGAR S, P LAULBA 58 =i [ B — @ BT FE ke 77« IR JEAE SR A IR
30d JE SR MERI R I eT B2 B T AL B AR ORI E 8D . |\
7 HdEaT A, 2 PTAL B-PTA. D-PTA 7£#: Z 48 R R s 1] 43531 35 d.
45 d. 40 d, UERACKMESREMI SRS, RE B-PTA BT #h 55 14 ik
E51/DDM & R iR =i & 55 S AIC T 4R /2 B-PTA. D-PTA, {Him TIR)Z PTA.

AU

After immersion
50.74°

A) Before immersion
77.02°

Smooth surface

Rotinh siirface

65.66°

Non-wettable surface

70.45°
Non-wettable surface

B)

KoA) BBEMEE AA2024. B) 5 B-PTAREMME S, 1
35°C. w=5%NaCl #h5#ih 30 d i J& #eful /1 (22 4k LA SEM
Fig.9 Characterization of (A) bare alloy AA2024 and (B) alloy coated with B-PTA,
before and after immersion in Salt fog box for 30 d. The value of water contact
angle is shown above a representative SEM image for each case
R 6 UMER =MNREAEER A 30 d i I A
Table.6 Water contact angle of the modified polytriazole coatings in salt spray

box before and after 30 d



Coatings Water contact angle/( 9 Water contact angle/(
PTA 72.8242.50 63.8240.50
B-PTA 70.45+1.68 65.6641.71
D-PTA 71.72+1.88 65.8942.32
E51/DDM 76.1742.55 70.7242.43

a) Dry coatings; b) Dry coatings after 30 d in salt spray box
R SR =R R E A R gs R
Table 7 Foaming time of the modified polytriazole coatings in salt spray box
Coatings PTA B-PTA D-PTA E51/DDM

Salt spray test/d 35 45 40 40

2.4.4 TALZE S PE ASIREG 32 BB AT T et 3R = RIR IR AE 25°C 1) 10% H2S04. 10%
NaOH. 5% NaCl [ gt . ¥2 2 PTA. B-PTA. D-PTA 7£ iR JE b4y i iz
VLSS AR PRI 1] 2% 8 Fia, 7E 10% HaSO4 8 (K [a] 43 %) 18 d 15 d.
20d, 7E 10% NaOH " # R ¥ B 18] 40 %1 10d. 7d. 15d, 7E 5% NaCl " ##3R
(R 1] 53 )8 35dy 50d. 45d, #tHIIR/E D-PTA ££ 10% H2SO04 F1 10% NaOH H
B JE ik e 5, 122 B-PTA 7E 5% NaCl th 5 i i i fe fe it . 3502 D-PTA WAL
FantE 5 E51/DDM 1k R iR ZE A .

R 8 B IR = AR TR Ak 2 TR A

Table.8 Chemical resistance test results of the modified polytriazole coatings

Coatings 10% H>SO4 (d) 10% NaOH (d) 5% NaCl (d)
PTA 18 10 35
B-PTA 15 7 50
D-PTA 20 15 45
E51/DDM 20 15 45
3 &k

(1) i3 DSC #JE 7 e 5 =M E M E A AT it 2LARERER T [ 4L
R, m&MEEITZ: RT/24h, 180°C/2h.,

(2) )2 B-PTA BB ISR E = TR JE D-PTA, (H5R)Z PTA ML, )2 B-
PTA fil D-PTA B3R L FEAG, #ARE AN,

(3) 5 Z B-PTA F1 D-PTA BV E R J1 R AMF.. &2 B-PTA
(KBTI 58 FE AL I 5 1343 94 19.6 MPa #1 43.8 MPa, 5i%)Z PTA AL, HBTYI58
FERE S 27%, M 13 T 22%; i)2 D-PTA WIS UIsRE R 7143 58N 19.4
MPa #1 44.6 MPa, S5ixj= PTA ML, HEBIVIREE R 26%, & JI49Em 24%.

(5% Z PTA ML, %2 B-PTA 1 D-PTA HHirh MR LB A 1 5,
T P FEANANAR
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(5) ¥®JZ B-PTA fil D-PTA 7EE: Z #7030 d [ R AEH LIE, & H E T
%, VR ZMIRERE -2 Rt RE PTA. B-PTA. D-PTA /L 54
T R B TE] 2 504 35 d 45 d. 40 d, VRSO R R E R Eh B R, iR
JZ B-PTA i £5 55 14 5 58
(6) %)= D-PTA 7E 10% H,SO4 A1 10% NaOH [ i b ik fe i, ¥ )2 B-PTA £E
5%NaCl =1 Bj7 J& i 14 B B 5 o
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