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i SRRSO B T N-TT 4E-4,6- —50-N-(2,2,6,6-P1 H1 HE-4-WRBESE)-1,3,5- = 2-2-i (PPER 1 ) 5 ik I
5 NN-$L(2,2,6,6- P4 F 3E-4-URBEFL)-1,6-C SO A T N2,N2'-(C bE-1,6- ) S [NA- T 3E-6-5H-N2,N4- XL
(2,2,6,6- VU H JEWR I -4-38)-1,3,5- = 8-2,4- —He] CFRIaMAR T ) 5 85, Hrfalik T KA R B Arfb &9 6,6'- {2 ke-1,6-
TH[(2,2,6,6-PU F MR BE-4-F8) R 3] BU{4-[ T 3(2,2,6,6-DU F IR BE-4-F0) 8 2 )-1,3,5- = -2-F) (TM-3) .
K 'THNMR PCNMR (HRMS EAiF T TM-3 BI45H4 i 33 UV-Vis \ TGA %< T HAEBE, HeA: T T™M-3 FIXL(2,2,6,6-
DU HE-4-WRIE L) ZE TR (HALS770 ) FEIRATHEIREH Rt . 45R%W, TM-3 7E 210 nm LB AR
FUH UV-Vis I #EGe e RAE, 7 400 CRARTREMAFERE, T AT 25 m ATERE ; TM-3 7E &K AA AL
BRI HALS770 HAA AR ME . A TM-3 IR (FEAY 4) 7ERIRIESMDEIRET 800 h {2 6.01,

PRI RN 4.6%; THA HALS770 FIRES: (RESL 5) (2558%) 6.72, JEPRIKEN 6.7%, Uil TM-3 #)6
FaxEEF HALS770.
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Synthesis and properties of a hindered amine light stabilizer
used in automotive varnish

ZHAO Xueqin', WANG Bowei"**", XU Wensheng', SHEN Huawei*,
CHEN Ligong'*?, LI Yang'*?
(1. School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China; 2. Zhejiang Institute of

Tianjin University, Zhejiang 312300, Shaoxing, China; 3. Tianjin Engineering Research Center of Functional Fine
Chemicals, Tianjin 300350, China; 4. Shaoxing Xingxin New Materials Co., Ltd., Shaoxing 312369, Zhejiang, China )

Abstract: A hindered amine light stabilizer (HALS) TM-3 was designed and synthesized. N-butyl-4,6-
dichloro-N-(2,2,6,6-tetramethyl-4-piperidinyl)-1,3,5-triazine-2-amine (intermediate 1) was firstly synthesized
from nucleophilic substitution reaction of cyanuric chloride and N-butylamino-2,2,6,6-tetramethylpiperidinyl,
which was then reacted with N,N-bis(2,2,6,6-tetramethylpiperidin-4-yl)-hexane-1,6-diamine to produce
N2,N2'-(hexane-1,6-diyl)bis[ N4-butyl-6-chloro-N2,N4-bis(2,2,6,6-tetramethylpiperidin-4-yl)-1,3,5-triazine-
2,4-diamine] (intermediate 1I). Finally, target compound 6,6'- {hexane-1,6-diylbis[(2,2,6,6- tetramethylpiperidin-
4-yl)azanediyl]} bis {4-[butyl(2,2,6,6-tetramethylpiperidin-4-yl)amino]-1,3,5-triazin-2-ol} (TM-3) was obtained
by hydrolyzation of intermediate II, and characterized by 'HNMR, "CNMR, HRMS, UV-Vis absorption
spectra and TGA for structure and property analyses. The light stability of TM-3 and bis(2,2,6,6-
tetramethyl-4-piperidyl)sebacate (HALS770) in automotive varnish coatings was further evaluated. The
results showed that TM-3 displayed strong UV-Vis absorption at 210 nm and good thermal stability by
maintaining thermal stability below 400 °C and withstanding higher temperatures. TM-3 exhibited better
solubility in aqueous organic solvents compared with HALS770. After 800 h of simulated ultraviolet

s BEA: 2023-04-13; EFABHI: 2023-05-25; DOI: 10.13550/j.jxhg.20230304
EBEN: BFK (1998—) , B, Wi+, E-mail: 2020207526@tju.edu.cn, BEREA: T (1986—) , B, RI##FZ, E-mail.
bwwang@tju.edu.cn; 2& [ (1968—) , 5, EIZ#%, E-mail: liyang777@tju.edu.cn,



541

BER, A TR R4 i 2 B LA E

H A B P fE <773+

irradiation, sample 4 with TM-3 added showed a chromatic aberration of 6.01 and a gloss loss rate of 4.6%,
while sample 5 with HALS770 added displayed a chromatic aberration of 6.72 and a gloss loss rate of 6.7%,
indicating that TM-3 had better light stability than HALS770.

Key words:. hindered amine light stabilizers; cyanuric chloride; hydrolysis; automotive varnishes; hydroxyl;

functional materials
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N-T3£-2,2,6,6-DU F 3 -4-WRE fiie . HALS770 .
N,N-X(2,2,6,6- 1 F H&-4-WR g 3 )-1,6-C0 —fiz . L4h
W] UV-928 | 2 JE N M TR e IS R L R e rh iR (3L
WA NHERRAFRERIER) . ACKE (NHR
FIARR ) |, hral, REHFLREB A R0 A B
ONE O MREURRE, AATAl, FE AR TA R
Al [ THOR D SRGEGR . Wl 20K (s
20% ) . LK EE, srfral, PlEAE (KH) kT
BHEA R 1,4- 5N, dral, LifESEE /R
T RHEARA R, = TR, 4rai, K
By B R G R AR 2K, b,
KBTI B B 2E A PR A 5 TN . LR LT,
AypTat, RETITRAE THARBM A RAR; L6
FIK A 2B TFK, AR i, owit—
Haifh .

AVANCE IIHD 2 #0108 TG S IR I 15X,
783 [%] Bruker 23 ) ; MicrOTOF-Q I1 ¥ AH (438155 43 3%
DU B FE AT B ) ER G BT RS R AL, 32 B Bruker
Daltonics 23 ) ; Agilent 1100 =80 A (154X, 35
Agilent A H]; L8 S4h-1] WAMEIEETE, i LH
SITAERRA T S-4800 37 & S4B T W iEE, H
X Hitachi A H]; TG209 F3 T AMHTAL, Tt Bl
IXERFT R (B ) BRAR; SHK-B205 UV 484hk
LACRIA, N FAER B A RA R Xerite
24, BYK G, B ( L) ERHA
FRAT]
1.2 ERAZE
1.2.1  N-T % -4,6-= £.-N-(2,2,6,6-v9 ¥ H -4-vk vg

HK)-1,3,5-Z%-2-k (PR ] ) a4 &

¥ =HA A (9.22 g, 50.0 mmol ) Fl 100 mL [i]
TR AREITE 250 mL = OB, 7E
0 °CFHEHE 30 min, FRKF N-T 3£-2,2,6,6-PU H H-4-
WEREME (10.60 g, 50.0 mmol ) Z&Me iz iR IRA
Y, ¥R — 2 HEFE 10 min, A NaOH
(2.00 g, 50.0 mmol ) , 4kZE/ N 6 h, @i 2@
i (TCL, JIFHI N (& W5 : V(PR =10 : 1
FOTR AR ) WEI SO o RN S R, ARV AR A
TRER KR . A E K . BT RIETIEE,
BEoww b E )2, AYUEAIK Nay,SOo,
T4, 55 17.9 g A BEASEA T, =R
99.5%, WA GRE (HPLC ) WAreE (Fshiilh
VIR« VOK)=3 + 1 BIRGW, i 4 0.6 mL/min )
A4l N 99.5%., 'HNMR (400 MHz, CDCl,), d:
5.10 (tt, J=12.5. 3.5 Hz, 1H), 3.46 (t, J = 7.9 Hz, 2H),

2.08 (t, J = 12.7 Hz, 2H), 1.70 (d, J = 7.6 Hz, 17H),
1.36 (q, J = 7.4 Hz, 2H), 0.95 (t, J = 7.3 Hz, 3H),

BCNMR (101 MHz, CDCly), 6: 169.99, 164.60, 47.23,
43.46,39.05, 31.16, 25.72, 20.24, 13.87 , HRMS (ESI),

m/Z: [M+H] 3508 360.3270; J3AH 360.2869.
122 N2N2'-( T ¥%-1,6-= 3 ) W [N4- T 4 -6- A -
N2,N4-32(2,2,6,6-v9 F Hh vk vz -4-3)-1,3,5-=
H-2,4-Z R (PR ) 694 &
] 500 mL P4 F[& IS Be i om A N,N-3(2,2,6,6-
DU L -4- IR ESE)-1,6-C0 —H( 17.40 g, 44.0 mmol ),
HiE A I (31.70 g, 88.0 mmol ) #1200 mL [i] —H
A, BIRAWAE 60 CHHiH: 4 ho ZJ5Z2120H N
N 20%A9 NaOH /KA (18 mL) , FREER
MRS WL 4 h, ] TLC Yol s i 64T (JBIT
FIh VAR ) - VIFE) =10 1 BRG] . X
o 45 5 W 2F o v, A PURE A O
10%11) NaCl i AT Ve IT 4080, SRS CEE vk AR
UR 12 h J5 3 g, JF7E 80 CCELZS LA T4 12 h,
4 41.00 g A@AFEA, BIgEAT, ™% 95%,
'"HNMR (400 MHz, CDCly), 6: 5.21~5.03 (m, 4H),
3.31 (dt, J = 14.5. 5.0 Hz, 8H), 2.44~2.07 (m, 2H),
1.63~1.44 (m, 15H), 1.25 (s, 42H), 1.15 (d, J = 4.8 Hz,
25H), 0.91 (dt, J=17.1, 7.4 Hz, 6H), *CNMR (101
MHz, CDCl3), d: 168.58, 164.54, 51.49, 42.40, 34.83,
28.19, 13.77., HRMS (ESI), m/Z: [M+H] % {4
348.5929, 522.3894; MA{H 347.9435, 521.4064,
123 6,6-{Tk-1,6- = R[(2,2,6,6- 9 F HK vk vz -4-
AVR AR {4-[ T £ (2,2,6,6- 29 F ok vz -
4-K)RIHK]-1,3,5-=%-2-B5) (TM-3) a9# %
£ 50 mL mEEPIMAREAT (4.10 g,
4.0 mmol ) . NaOH (1.00 g, 25.0 mmol ) . =& ¥
K (5¢g) . L4-5HANH S5 mL, BHEES, H
N, B4 3 1K, 7 240 °C R e 25 h, i TLC
Wi sz AT CJRFFF A (& k) - VIFBE) :
V(ZEK)=10:3:1 MIRBW ) o RVEHE, #
FOVIR G YA R 3, R 28R bR L. R
PR AR b, BB TOKUER 3k, g
Br L2 O 4s , 1598 @A TM-3, 7758 95%.
"HNMR (400 MHz, CDCl,), 6: 5.22 (s, 4H), 3.53~3.16
(m, 8H), 1.56 (d, J = 18.0 Hz, 10H), 1.25 (s, 48H),
1.15 (s, 26H), 0.90 (t, J = 7.0 Hz, 6H), '*CNMR (101
MHz, CD;0D), J: 167.99, 164.91, 157.53, 101.14,
52.56, 47.28, 43.39, 34.65, 28.07, 26.99, 21.35, 14.55,

HRMS (ESI), m/Z: [M+H]" it & {8 335.9489 ,

503.4233; MIRME 335.9652, 503.4373,

1.2.4  FINFMH UV-928 = HALS770 4 # X,
LM UV-928 Fll HALS770 4540 R
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1.3 BRUAVRXREENE
1.3.1 % shBokor gt m) 2

FWT, RAESN-0T WL A3 6% BE 11 Xk B Sy
1x107° mol/L f) HALS770 1 TM-3 A4 [ By i k4T
AL E .
1.3.2  #A& T MR MK

KA BT XAE Ny X HALS770 F1 TM-3
AT IR E PEREIIA, In#GHE R K 10 °C/min,
1.33 kA& Hgen g

K UV SRAMNE AL 08 75 28 AP B R Xt
HALS770 F1 TM-3 #E47 5688 T AE I
1.3.3.1 Pk A il

FERERH] . B2, ¥ 0.8 g EAMRIL UV-928
f0.5g TM-3%TF 5.0 g ~HZRd; KRG, HHEM
) 100.0 g 25 1K (FRAIMEE, BRI R = i
WHEE ), fEFEHE N 600 r/min TIRE 15 min, 153
MR UV-928 U finse ( DLa 3 NI R 1 13 1Y
b A, TR M 0.8%, TM-3 #hnfk 0.5%
FIREES, CMEER 2,

B Ny SN O =y S i O i b= R 3 7 N
H s 22 SRz Ik ) UV-928. TM-3 & HALS770
FEs I, HAREY W 1,

® 1 AFEEMETT

Table 1 Fomular of different samples

HAENIHIE 2 HME R HALS770

B e Uvorse e ME =R
1 100.0 0 0 0 5.0
2 100.0 0.8 0 0.5 5.0
3 100.0 0.8 0.5 0 5.0
4 100.0 0 0 1.0 5.0
5 100.0 0 1.0 0 5.0

FEMOWE . ERM (15 cmx7.5 cm) [ —
MR — 2 KA R )R 30 um, 140 °CHERE 20 min,
HEE 5 IR — Z AR AR, BEE 20 um,
140 CHERE 20 min, 1ENGE—IRMTFH .

IR A AR S A ISR TR S — A . BURIS

HERz, 140 °CHERZ 30 min; JEJEHEHITE(40£2) um,
BCE 7 d SR TSR AME I E L (QUV) MK,
1.3.3.2  QUV izt

K UV RN A BG4 | 22 (AR,
XA HFER TR EERINK ., 2] ASTM
G154—2006, HARMKLEMF: %4 Cycle 2,
313 nm ST XTRRI S HAEERHEAT 4 h SAMEIRGT,
HARIRGREE N 0.71 W/(m?nm), SBARIEE(60+3) °C
4 h ¥ BE, AR (50+3) CAWIAZ Bkt Ml
X JE Ik 800 h, AEMEIBE 100 h 435 3EE B iy 45°
it 200068, JEEAMIAE{L
1.3.4 R @HHmm

SR % S T B X T AR i A TR
H
1.3.5 &Mk X

¥ 50 mg KESINA 10 mL ARIAERIT, 378
FE TS

2 HR5WR

2.1 UV-Vis RS 4+
FEIET, M T TM-3 Fl HALS770 ) UV-Vis
Wi, R WA 1,

2.5 — i3
——HALS770
20}
S15)
:
K10}
0.5}
0 S~ \ L o
200 250 300 350 400

Fet/nm
Kl 1 TM-3 fil HALS770 f#) UV-Vis WO
Fig. 1 UV-Vis adsorption spectra of TM-3 and HALS770

A 1 ]I, TM-3 9 d RIS K 2498 210 nm,
I K35 B4 TP AE 200~300 nm, i HALS770 [k
W % K 0 225 nm, PR B A T TE
220~300 nm, TM-3 By SEREZE KT HALS770 (4
154%) , &M TM-3 4 FHEENREE S =%
B ERARIE R SR AR 2 TM-3
SMGIE, SRR, KA E Y SR AN AR Sy EBE T
THHLBE R, 1M HALS770 JFEAR KA L AMEM e
BEAk, T™M-3 78 AT WG IX I3 IRt A IR, 7 i
R ZAERE . P, TM-3 1] DL I3 54 4 35 i
HR TN 23 52 M AR B A B3 €2 TM-3 58 ZR I e RE A
T HALS7702,
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22 TGA &4t

—BEHRE TRRM R, NE%ER LM (HDPE)
BRI T 3 7 160~280 °C 2 Ja], 3% % My b4k
ISR Y 37 B e fe e A e e it TR =
FR P R, O TR ITET DGR E R A PR E
XF TM-3 F1HALS770 #£47 T TGA ik, &5 5L WL IE 2,

— TM-3
— HALS770

200 300 400 500 600 700 800
R/ C

K2 TM-3 fil HALS770 ) TGA #iZk
Fig. 2 TG curves of TM-3 and HALS770

i & 2 ° %0, HALS770 7E 180 °C 25 A5 I HA P fit
330 CLAL AT 25, 1M TM-3 7E 400 °CLATIT
ABREFEA P FF IR E o MR IR F] 400 CAA T FF
UG REfE, iK% 500 CAAT B il MR TG T %, 7E
800 °CHf, SR RN 40%, F£IH TM-3 [
M AR T HALS770, A it 52 58 &5 (A 3 R,
T T B e I T RS A TR A A 40 sk EL A T A ) g
[ S
23 BES

0 25 550008 7T LIS ' B FE R i ) B € 22
BUEROK, 2ef, fRFFES SRR ™
¥ 5 ARERUER TR A UV RN 4E
W GF 800 h, AT 22 8ds an &l 3 Fios

141

12+

0 100 200 300 400 500 600 700 800 900
TR/

K3 ASTRIAE il (0 22
Fig. 3 Chromatic aberration of different samples
I 3 W, BT S IAEATOLARE I Y 15 0
T, K 1 (SERS) 72 UV BN A AE
o RRGJE HEEI €8 25, 100 h BRE S (.22 236 3
4.24, MERGFAIAIIA ] 800 hJF (522355 T 11.58,

WERE S B kA B M EEA L, KA T EPY
Sk AL S BREF 200 h #9522 M as RS Y 6.02
F2 4.01, 800 h MATF M 2R 6.72, UWHMA
HALS770 J& &35 0% T FE S 240t Mk g 4
Z: 800 h AT, BEME 6.01, £ TM-3 L
HALS770 A W4 pyi &btk fe; teah, Ha 2
F a2/ N TR 3, R IDERE I TM-3 bt
PEREIL T HALS770, J& LA IR AT A b 75 R .
24 FFEBEREMR

VIRIIRRE S PG BEVE R AR (8, LRk
A AR WA it A R A B B B e 2k o, 9 HoO
B R, BESh BB LR ™ E, fF S A
FEMUER FTE R UV AN AR I A 18 5
800 h, FrfR it 5 nE 4 i

100
7

0 2 /
o M‘
X
< K4 = R
5 | B i}
i R, o~ FEdh3
%0 200 300 400 500 600 700 800 %4
R F KA - RES

201

e ‘t;# ‘I
200 300 400 500 600 700 800

FRSH K /h
Bl 4 R[FERESROEEERR
Fig. 4 Glossy loss rate of different samples

H L 4 TR, FE BT BN I A] SERR e 350 A 1 2l
T, FEAh 1 (AN £ UV R4 bl md
SR GE NS VB TR U RE 7 6 O 18 1 B
800 h J&, YLK FIR T 85.4%, WEWIZS AL AL TE
EHMERGT T E AL AL 4 RIS 800 h JE YOG
B RAUN 4.6%, UL TM-3 B9 W35 s T
FES BT Z AL BESL S &ad 800 h FEATS, JEiE
PN 6.7%, F2 TM-3 I HALS770 FH 45
IR PERE . AN, AR 1 OB RN T
Fefh 2, WRIDERER TM-3 fpbfe et T
HALS770, f& LU 2 1RG5 B w7 oK o
25 SEM 4%

UV Ak 72 iR il R T 174 2 T 24 80 A DA s e
MERH Z AL TR L K ] SEM X R 5 28 A0 6 TR AL
1, 25800 h SHMGIGIERESD 1. HEAh 40 FERL S
AT T, S5 S R

HH & Sa AT DL, SRZ AN IS BIRE 1 R 2
T, RILRL, ZRHMDEIRS 800 h J5, FEf 1
FuE B B RaE (B Sb) , RIESIMSEIRGS
AR A TR R B fE . R IEl ScmT g,
FEdh 4 Zead RAMEIE ST 800 h 5 By i & & A=



54

BT, A T KA 42 0 32 B G AR RE 0 A i S

777

2oy, SARMBEEES 1 LTI, FH TM-3
A 24 & TR PE e tERE, RRIESE T
IEH AR AR R EOR R E] T LR AR SCHEAE
o mE sd AU, RS S Ll RAMEIEST 800 h J5
A BB L, 45/ R0 AT, 78 800 h
FeBfbsLg, T™M-3 BPTEALrEERS I T HALS770,
WL LA —RINLEAE, JeRER TM-3 7B
EARPERE D L T T B R HALS770%,

K5 REEIDCIREIAER 1 (a) FIZ 800 h EAMEHRGY
JEREah 1 (b) | K4 (c) . i 5 (d) B SEM 5]

Fig. 5 SEM images of sample 1 without UV irradiation (a)
and sample 1 (b), sample 4 (c) and sample 5 after
800 h UV irradiation

26 AR

N T RS FAR ) TM-3 EH DL 3R] v 1) 175 A
PERE, WEFETOK. O TR TRERE . HIEE . HIOR
TOK OB IR, IS CIR CBRAEIEAT IR
PEREINARY, 4550 2,

#2 WERPEREDSE
Table 2 Result of solubility test
il TM-3 HALS770
7K + -
O TR
FH i
T
Tk B
PIER
TEUNE

4
4
4
4
4
4
LR T +
4
4
4
4
i

+ o+ o+ o+ o+ o+ o+

i+ 5% 7K
To/K L BE+5 %K
TRARTAH5%K
LR CTE+5%7K
O T EERE5 %K
TE: U7 R, - ROREEE L7 RERME K
FEAFAIEL 5% R R ML

M2 2 A4, J6RaE ] TM-3 15 R Z B0 A
P AR s e, FE R ISR TH S HALS770
MIZTEIL. RPN A =8 5%MKIE,
TM-3 fESATREIECN 5%KBEF P REAR R R
U BV ARTE, T HALS770 W4s i T K vk S 20 i
PEARZE, PEAUTIENT . R F TM-3 5| AT 3%
IKIEFEIE, —E R BRI TR AW sE K,
FERPEIREE TP BEORRE KA e o v dh 58 SZ BHL O
e SR T K PEVR 4208 R TR S At T L

3 % it

Bt N-T3£-2,2,6,6-D0 1 3L -4-NR g . =R
FEN,N-XL(2,2,6,6-PU F 3E-4-WRBEFE)-1,6-C0 "l &
T —FZ R e TM-3, ilid 'HNMR .
PCNMR Hil gt . B g soemliobt g . 4
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