PN IR L PR K ) S
Outdoor High-reactive Powder Coating
Polyester

HF BT
Xiong Rong and Xia Hongwei
HEIHNG (L) F IR
Allnex Resins (Shanghai) Co., Ltd.

0l i 5
01 Preface

PEARRERE — EL2 M RIRBAT AT BB K HAr . TR ARGRHR B ALIR B FE 200°C
B2 160°C LA T B b B A 18] o] OB AR TRBH R ) A R P 2 kb B2, BEE
E 5B HARHHE, AT BN B — A AT Rl . B E R 5T
MRRE, TECEBNRERE KT (a2 ERk~30%) « S EBUG A
2030 “FRIKIE, 2060 - SEHLBR AT BEAG BRI A R IRRAT W R RETRTH A6 (1
LT, MWMBOEIER ). [FNy, BEE<ERSo 8> VOC HIHERE, BrRIREHE —L&
ANREIN 32 =il A B AL a3 7. AEARIR B EOR ISR, AT DAARCR 4R &
T ARG LUk 1 LIV AN T, 5 TR AR ERB R PTHr S A A 5 o vl EEADLE)
Reducing energy consumption has always been the goal of the power coating industry. By lowering
the curing temperature of power coatings from the common 200°C to below 160°C or shortening
the curing time, lots of benefits can be brought to the application of power coatings. First of all, as
the national carbon neutrality objective is launched, all industries should join the irreversible trend.
With the development of national economy, China has become the world’s biggest carbon emission
economy (about 30% of the world). The Chinese government has promised to reach carbon
emission peak in 2030, and achieve carbon neutrality in 2060. The reduction of curing temperature
is a key approach taken to reduce the energy consumption in power coating industry, and boost
carbon emission peak. Meanwhile, as “Liquid-to-Powder” VOC reduction is promoted, power
coatings hit a bottleneck in some substrates that cannot tolerate high-temperature curing. With
breakthroughs in low-temperature curing technologies, the scope of application and market of
power coatings in such sectors can be expanded significantly, with incomparable significance to the
sustainable development of power coatings.

02 Ky AR ERFHIE

02 Curing of Powder Coatings
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Polyester is the most common resin material in powder coatings, in which carboxyl polyesters
account for the majority. Carboxyl in the polyester can react with the epoxy functional group, and
trigger the crosslink of polyester with epoxy resin or TGIC curing agent. Besides, carboxyl can also
react with high-reactive hydroxyl in HAA, and trigger the crosslink of polyester with HAA curing
agent. Generally, it’s believed that no suitable catalyst has yet been found for the reaction of
carboxyl with hydroxyl in HAA, so as a relatively safe and eco-friendly crosslinking mode, it’s
difficult to realize the low-temperature curing of carboxylic acid and HAA formula, especially
below 160 °C.
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Currently, most low-temperature curing powder coating products are based on the crosslink of
carboxy!l with epoxy functional group, including the combination of indoor polyester with epoxy
resin matching as well as the combination of outdoor crosslinking with TGIC. Indoor power
coatings often choose 50: 50 polyesters, to get a lower curing temperature with higher acidity, while
the adjustable property parameters of outdoor polyester are relatively restricted, posing challenges to
the low temperature of outdoor power coatings. The top priority is to lower the curing temperature
of power coatings by developing high-reactive polyesters.
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03 Low-temperature Curing Demand of Powder Coatings
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As calculated by foreign clients, in a middle-sized industrial curing oven, when the curing
temperature of power coating drops to 130 °C from 160 °C, about 15% energy can be saved.
LS H x /N - K#) 500 KWh BERIHFE
Parameter of curing oven x hour: -About 500 kWh energy consumption
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-Heat up 10 tons of steels

REE T X /N

Energy saved x hour

IR AT 30 kwh
Thermal energy of coating parts saved

WA FEHE AR 5kWh
Conveying chain linked thermal

energy saved

S R ' S AN K <) 15kwh
Cold and hot air exchange loss saved



FRE S AR SR T 10 kWh
Space radiation loss of production line

saved

[ At I REE AR 20 kKWh
Inlet and outlet energy loss of curing

oven saved

B LR ERER 30 °CHTI4REE 80kWh/h

Total energy saved by lowering the
curing temperature by 30 °C

80KWh / 500kWh = 15% fE &4 !
80kWh / 500kWh = 15% energy saved!

(Figures given by Nuetro-Ofenbau)
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This shows that, low-temperature curing can save considerable costs for power coating clients. If
the low-temperature curing technology can be extensively promoted, it’s beneficial to reduce
carbon emission and realize carbon emission peak as soon as possible.
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From another perspective, the environmental protection policy of reducing VOC emission
vigorously promoted by governments at all levels has propelled the coating industry to reduce the
use of solvent-based coatings. Developing replaceable coatings to fill up the demand of the coating
industry as soon as possible is of positive significance to the development of power coatings. In a
certain industries, some substrates or component accessories cannot tolerate the common curing
temperature of power coatings. To break through the restriction of power coatings, more progress
should be made in the R&D of polyester resins.
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Polyester Powder Coating
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New Opportunity
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Application
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[ AL AR T 140°C

The curing temperature of
epoxy polyester (hybrid) is
less than 140°C

PR G B A
Thermal sensitive non-metal
substrate

MDF, HDF, 4%hr%%,
HEWR, BE, S6M
k

MDF, HDF, paper labels,
gypsum board, plastics,
and composite materials
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Assembly parts with thermal
sensitive components
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Electric motor
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Products with temperature
restrictions

Aluminum/magnesium
automobile hub base

powder
HAA T 5 AL, A G, LA
[ 44, 05 AN = T 160°C Heavy substrate, long heating time Structural steel,

The curing temperature of
HAA polyester is no higher
than 160°C

engineering machinery

AEE P, RS R
Thermal sensitive products, and
plastic-metal profiles

i G e
Aluminum alloy windows
with thermal insulation

TGIC %

[¥] 44 i 52 7 120-160°C 2 []
The curing temperature of
TGIC polyester is 120-160°C
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Heavy substrate, long heating time

LERIEARE,  LRENUIR
Structural steel,
engineering machinery

B IR R AT
Assembly parts with thermal
sensitive components

FEu v 2 A
Equipment components of
the base station
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Products with temperature
restrictions

T/BRABUE W] R
Transparent layer of
aluminum/magnesium
hub
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04 Challenges in the Low-temperature Curing of Power Coatings
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The bottleneck of power coatings in low-temperature curing is closely related to the features of
power coatings. To sum up, the chemical process of power coatings still mainly relies on the
reaction of carboxyl with epoxy group, so main technical innovations are realized by high
functionality and high catalytic amount, but this brings problems to chemical stability, raising
requirements for the storage of some low-temperature curing powder coatings, and the increase in

cost.
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Meanwhile, the requirement of the powder storage stability for glass-transition temperature has also
restricted the decrease in the melt viscosity of resins. Under low temperature, the degassing
frequency of benzoin drops, and the surface leveling upon low-temperature curing cannot meet the
level of high-temperature curing. With the application of wax, both leveling and degassing are
improved, but the options are limited, restricting its application.
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Besides, due to the influence of the property of some low polymers generated in polyester synthesis,
the frosting phenomenon commonly seen in the baking of powder coatings will be extremely
highlighted during low-temperature baking. The low-light and matte products commonly seen in
the market are difficult to be obtained by baking powder coatings under low temperature, so new
solutions are in urgent demand. Moreover, the extrusion technologies required for preparing
powder coatings also request the curing crosslink temperature to be no less than 120 °C, restricting
the development of power coatings towards lower-temperature curing as well.
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Despite technical barriers, the low-temperature curing trend of powder coatings is unchanged.
Allnex Resins has made constant innovations regarding it.
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05 High-reactive Resin Properties
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In respect of the demand for low-temperature curing in the market over the years, Allnex has

developed several high-reactive polyesters, and all these resins can be applied outdoor, and get an
excellent film after curing with TGIC, and can also be applied in different sectors.

< 120°C20 4r¥hfE{k: CRYLCOAT® 2451-6 Al CRYLCOAT® 2403-6
% 120 °C 20min curing: CRYLCOAT® 2451-6 and CRYLCOAT® 2403-6
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Resin index:

¥err CRYLCOAT® 2451-6 CRYLCOAT® 2403-6
Index

Brookfield }if& @200°C (mPa.s) 1800 1750
Brookfield viscosity @200°C
(mPa.s)

FR{H (mg KOH/g) Z] 40 2] 40
Acidity (mg KOH/g) About 40 About 40

PEGGIRE (°C) 53 53
Glass transition temperature (°C)

WA
Test formula

Edll 600
Polyester

&4k 7] TGIC 52
Curing agent TGIC

LNEL ) 240

Titanium dioxide

Fs BN 95




Barium sulfate

Jit>F571 Modaflow P 6000 10

Leveling agent Modaflow P

6000

79SS 3

Benzoin

ilie e

Powdering conditions

TR R TIRANL, 2000 %/ 43k

Premix High-speed premixer, 2,000r/min

FrHL MG (—XHRE 90, X 100 )

Extruder Yantai (90°C in Region I, and 100°C in Region I1)

Bk LI

Grinding Coffee grinder

i kA 180 H

Screen 180 meshes

Ugiex &5

Spray gun Gema

[ 1k 2 A 20 7341/120 %

Curing conditions | 20min/120°

Jii )& 70-80 Tk

Film thickness 70-80mu

FEANERE I

Basic property test

T 5 CRYLCOAT® 2451-6 CRYLCOAT® 2403-6
Test Items

b @120°C (#5) 230 290
Gelling @120°C (s)

ke, AR GERD 50/50 50/50
Impact, kg. cm (front/back)

JEEE (20°/60°) 62/88 61/87
Gloss (20°/60°)

T (PCIZEZ0) 2 2
Leveling (PCI grade)

T (1= b0l b0l
Bending (Imm) Passed Passed
BE 71, 12Kk 0 0%
Adhesion, Imm cross Grade 0 Grade 0

LA
Aging data
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ZALIRS M QUVB3L3, HESTHRE 0.75Wim2, 4 /NI UV IRET@50°C, 4 /)Nt
@40°C

Aging test conditions: QUVB313, radiation intensity 0.75W/m?, 4h UV irradiation @50°C, 4h
condensation @40°C

CRYLCOAT® 2451-6 fll CRYLCOAT® 2403-6 s #k i] LATE 120 [5£/20 4% 5e A= [E 10 I
Femh, HRAAIEF NGRS, &S H TSR . CRYLCOAT® 2403-6 L
CRYLCOAT® 2451-6 A5 S 4T [ Ak PERE .

CRYLCOAT® 2451-6 and CRYLCOAT® 2403-6 are two products that can be fully cured under
120°C/20min, with excellent mechanical performance, and are suitable for texture powders.
CRYLCOAT® 2403-6 has better anti-aging properties than CRYLCOAT® 2451-6

% 160°C 15 2350 [E4k: CRYLCOAT® 2499-6 Il CRYLCOAT® 2435-6
¢ 160 °C 15min curing: CRYLCOAT® 2499-6 and CRYLCOAT® 2435-6
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Resin index:

¥err CRYLCOAT® 2499-6 CRYLCOAT® 2435-6
Index

Brookfield 4k @200°C (mPa.s) 5000 3,500
Brookfield viscosity @200°C
(mPa.s)

FR{H (mg KOH/g) 30 35
Acidity (mg KOH/g)

PR (°C) 64 62
Glass transition temperature (°C)
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Test formula

el
Polyester

558

[t4k7%) TGIC
Curing agent TGIC

42

NSl

Titanium dioxide

200

IRER
Carbon black

T ER N
Barium sulfate

185

It P77 Modaflow P 6000
Leveling agent Modaflow P
6000

7R
Benzoin

Pk a1

Powering conditions

TR R TIEAL, 2000 %/ 74

Premix

High-speed premixer, 2,000r/min

FEHIAL
Extruder

MG (—XRAEE 95, XA 105 )
Yantai (95°C in Region I, and 105°C in Region I1)

Bk LI
Grinding

Coffee grinder

i 180 H
Screen

180 meshes

MR &
Spray gun Gema

[ P25

Curing conditions

15 43441160 £
15min/160°

i JE
Film thickness

70-80 fuck
70-80mu
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Basic performance test

T H
Test Items

CRYLCOAT® 2499-6

CRYLCOAT® 2435-6

b @160°C (F)
Gelling @160°C (s)

300

340

i, ArJEK (RO
Impact, kg. cm (front/back)

50/50

50/50

JGE (20°/60°)

80/93

85/94




Gloss (20°/60°)

i (PCLEEZRD 6 6
Leveling (PCI grade)

ol (1= it St
Bending (Imm) Passed Passed

BHE 77, 1=K 0% 0%

Adhesion, Imm cross Grade 0 Grade 0

MR AR X
Anti-frosting test

TR (20°/60°) , 120°C/1 /NS 65/62 97/99
Gloss retention rate (20°/60°),
120°C/1h

fRJG3 (20°/60°) , 140°C/L /]S 70/48 95/99
Gloss retention rate (20°/60°),
140°C/1h

A
Aging data

QuvB

1.2

0.8
0.6
0.4

0.2

0 100 200 300 400 500

—0—CC2499-6 —@—CC2435-6

LALIRRSE: QUVBSL3, HESTIRE 0.75Wim2, 4 /i UV FREF@50°C, 4 /A
@40°C

Aging test conditions: QUVB313, radiation intensity 0.75W/m?, 4h UV irradiation @50°C, 4h
condensation @40°C

CRYLCOAT® 2499-6 1 CRYLCOAT® 2435-6 &k nf LATE 160 /15 438h5e 4= [k f

PR, AT LB ANI, HUBMEREANIN 2 AL TERE. CRYLCOAT® 2435-6 AT H4F
WM ACRETERE, FEEDEEWHR TR L

CRYLCOAT® 2499-6 and CRYLCOAT® 2435-6 are two products that can be fully cured under
160°C/15min, with excellent appearance, mechanical properties and anti-aging properties.




CRYLCOAT® 2435-6 has better anti-frosting properties, and is more suitable for spraying thick
workpieces.
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06 Conclusion
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All the above products have been mass-produced, with excellent practical application effect. Allnex

Resins will make constant endeavors in the sector of high-reactive polyester resins, to bring more
innovative products to the power coating industry.



