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Abstract : It is attempted to develop flame retardant polyurethane coatings, which have
received significant attention in recent years. It is the purpose of this study to synthesize
new reactive polyurethane coatings containing halogen. Lactone based modified polyester
polyols, using trichlorobenzoic acid as chlorine moiety (TBAQOs) were synthesized. These
polyesters were cured with isophorone diisocyanate (IPDI)-isocyanurate at room temperature
(TBAPUSs). Physical properties of these flame retardant coatings were similar with those of
non-flame retardant coatings. The flammability of coatings was strongly dependent on the
chlorine contents. We found that the increasing chlorine contents showed better flame
retarding properties and that, however, they also resulted in more smog generation during
combustion. The detailed results of flammability test using various methods indicated
24~26% in LOIL and 3.7-5.3 cm char length in 45° Meckel burner method.

Keywords : trichloro aromatic modified polyester, IPDI-isocyanurate, flame retardant
coatings, cone calorimeter.
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Scheme 1. Synthesis of TAP-1.
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Scheme 2. Synthesis of TBA-adduct.
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Scheme 3. Synthesis of TBAO.
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Table 1. Molar Ratios of the Reactants and Reaction Conditions for Lactone Modified
Polyester, TBA/TMP Intermediate, and Trichloro Lactone Modified Polyesters

Reactants

Reactions

) ] TBA Toluene Acid Deh'yd Yield
Products —an® — PCP* TMPT 0 TBA , Temp Time e Feon gy
gmol)  glmol)  glmol)  °°¢ ‘;‘ g(mol) () () (mi.)
- 157.3 1394 142.1 - _ . o -
Tap-1 (1.08)  (0.26) (1.05) 16 150~200 12 4.8 38.1 35
201.0 3383 _ -
TBA-adduct-4 — (1.50) (1.50) 20 140~220 13 5.0 26.8 39
156.1 173.7 132.7 _
"BAO-10C 5.6 — : 30~ : . 37
TBAO-10C (| ©33)  (0.98) 75.9 20 130~200 10 4.4 37.8
o 136.0 139.3 106.4 =1 ¢ . . e e
TBAO-20C ©0.93)  (0.26) ©.79) 151.9 20 130~200 11 3.7 33.4 37
) 115.8 104.8 30.1 N
A e . o _ . . _ 3. 3
TBAO-30C ©.79)  (0.20) (0.59) 2278 20 130~200 14 4.6 28.3 3

*AA  Adipic acid

"PCP :Polycaprolactone 0201

“TMP : Trimethylolpropane
‘TBA-adduct-4 : TBA/TMP intermediate
“TBA : Trichlorobenzoic acid
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IR BFEMLE 73 Bio-Red*td] FT-IR
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Fig. 1. FT-IR spectra of (a) TAP-1, (b)

TBA-adduct-4, and (c) TBAO-10C.
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Fig. 2(a)°l TAP-19] 'H-NMR =#EHZ
vebdied, #ed ol AHARHIZRH b
09ppmol Al CHz-C9  ®ld, &1.4ppmellAl
~CH,-CY #lg @ §1.7ppmolA C-CH.-Cl o
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TAP-1€ ¥ + UMt
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Fig. 2. '"H-NMR spectra of (a) TAP-1, (b)
TBA-adduct-4, and (c) TBAO-10C.

Table 291 TAP-19} GPC £AZAE XA
=, gRAE gho] 63734 dubEQl oAt
T @R 3A veidch oleg d4L #4

o] A}4H Zg R:nE 3B/F5AHU TMPE
AHgSto ey gy BE7|uEAE JAT Ao
FZF At

Table 2. Molecular Weight Distribution Data
for TAP-1 and TBAOs Determined

by GPC
Type M, M. M, Mu/M,
TAP-1 2700 17200 81200  6.37

TBAO-10C 2200 3900 5800 1.77

TBAO-30C 1500 3200 6000 2.13
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3.2. ERE2ER 2E HM E2AHZ
gt atol

WA TBA/TMP 74, & TBA -adduct-4
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o}, Fig. 1) 1740cm™ol C=0 A1&H%F,
3430cm 'l OH A& 3%, 1270cm ¢ 1060cm™
o AF ¢IL AFAFoZA JAHET]
9} FE==AE Ztzh Flsigen, TSl
1580cm ‘ol WEE o]FAY 1o C=C AFH
A% EF5U7t vebdoez2 TBAY WE%7)
7b B0l LS ¢ F UATh Fig. 2b)el
TBA-adduct-4¢] 'H-NMR & EHE JE
=4, 509ppml CHs-C, 815ppm®l C-CH,-C
63.6ppmOll C-CH-0O-, 54.4ppm®l
C-CH:-0CO-9 ¥4x 339 87.4ppmol
wakEy)o] & E49A24 Scheme 200419
22 TBA-adduct-42} T2 3Qlo] 7}53I%
o}

=3 A4 SHW YN W8 TBA-adduct
-49) A4TH EAHAN o]&7} 3119011 &
HAE 31072 JYER} TBA-adduct-49 &4
o] & o]RHFS FUAF + UATH

s Eggzz FE WAL aHE
TBAOY €42 TBA o3 10, 20, 30 wt%oﬂ
t3ld TBAO-10C, TBAO-20C, TBAO-30CE
AzPed, gAY wg=AS 43t Table
19, A== 3 AWA S Scheme 391 242t
vehlith TBAO A4S o] FujE A18-A
ke, ol FulE A48T A H ok
AlollojEgt BAsiA Tt e] & wo F
ojj 9] %f&‘oz 7FAEAIZY0] FolXl = @ Hol A
e AL 18T wojth

Fig. 1{(c)°l TBAO-10C% FT-IR =¥ EHE
FAREH, 15%0cm oA BEFS FH o]F A
g g Jehle 54937t TAP-1 89
BopE 3A, TBA-adduct-4 ¥4 2oie ZHA
vebd o 24 TBAO-10CY F2¥<lo] 753t
don TBA o] Z71d55 A7l vl&st
o F49371 AZE 48tk £8 TBAO-30C
9] FT-IR 42 352y 337 TBAO-10C
o} AL A9 A el Fxsjadg At
ped=d

Fig. 2(c)l TBAO-10C9 'H-NMR =HEH
< EAPEd, 809ppmol CHs-C, 51.5ppmol
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C-CH>-C, 82.3ppm°l C-CH>-CO-, 829ppme®l
R-OH, 836ppm°l C-CHp-O- 2 84.1ppmol
C-CHx-0CO-9 %42 &% #A9 §74ppm
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24 TBAO-10CY TZ& #FJT + Uyt
TBAO-30C9 'H-NMR #4112 TBAO-10C%
fFrAbsld 3 siA g Aekslalch

TBAO-10C%+ TBAO-30C9 GPC 32
Z ¢e] Table 201 EAREd, TBAY FFol
PoldE S g7l OH7I7F 8 H
PolA[21], B EATZ Fol Zaste FAE
BoFEAr)

3.3. SHFME:

Fig. 32 EdZzz HE gAZdd2HE
o] TBA ol wWE FAINTo #AE
Yebd Aold] TAP-12 1310 stokedl ¥}
o TBAOE ¥4 #Fol 71gdd wet 34
Ax7t FzF AstHe] TBA 30wt%olA = 160
stoke?] FHHFAEE YelUdrt ol A&
< TBA, § 19714k o] F7igol ue}
Za v FAEol HA¥S AT 7hsAde] Hob
X, Ax BVFERE #A @gonmz HAHETL
Paste Aoz FHAHAY

J— ]

Viscasity (stokesx 10%)

0 1‘0 2‘0 30
Acid content (wt%)

Fig. 3. Effect of acid content on viscosity in

lactone modified polyester.
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vaAzgol & @A Park 51221
BE77F 909 A4EA dydEeld 229
AdHAEF S TGAS F3hd BEHeddE=d, 2%
o ostd BE7] =9 AFo WA &
2po] & vrEhfo], BEFEo] FolAFE WA

EYdei gE i Lo 2d2/IPDHsocyanurate s A8 Eel e Wolmge] Az 4 K4 7

Zeof 227 n2oAae Eal&Ert webd
Aol Astd S w3

Fig. 4v @484 TA9 TGA #4247
g, 445 a3k & TAP-19 75 400°C
NA 286% FTHLALE Kol 600TAAE
oF 1.7%9 ©3H(char)7t A=HA 24 @
28 10, 30wt% & TBAO-10C%+ TBAO
-30CE 400CoNA 325%% 442%9 FHLA
£ B33 00T FHEL 4 22%S
35% A ch webA] dae] FHFo] BolAFH
Bol4&xrh welxn g YAFE F7HH
= A%S Yehled, gsEY A Fo] A2
o7 Hol g4 FIESEI/ ddETe] &
gg vARoz QA

o

off 3!

o0 20000 ACO. GG BOD.IKy

Temperature (T)

o.00 20000 400.00

Temperature (T)

BO0.00

Fig. 4. Thermal analysis data of (a) TAP-1,
(b) TBAO-10C, and (c) TBAO-30C.
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Table 3. Physical Properties of Flame
Retardant Polyurethane Coatings

Sample names

Test types TAPU- TBAPU TBAPU  TBAPU

1 -10C -20C -30C

Viscosity (KU) 73 63 69 71

Fineness of grind 7 7 7 7

Contrast ratio 7.4 081 07.7 08.6
Drving time (min)

Set-to-touch 30 25 23 20

Dry-hard 150 135 120 105

Dry-through 130 155 135 120
Pot=life (h) 32 27 24 10
Pencil hardness (7 days) i1 B HB F
60° Specular gloss 87 30 02 je¥|
Cross-hatch adhesion (%) 100 100 100 100

Abrasion resistance

(mg loss/200 cycles) 0.28 0.32 0.39 0.47
Fiexibility (1/8 inch) 5 5 5 5
Impact resistance (500g)

Direct (50cm) 3 4 3 2

Reverse (50cm) B 5 4 3

Thermal resistance

Gloss retention (%) 100 100 7 94

Yellowness index . =

difference (§N) 0.6 02 10 13

Lightness index - -

difference (5L) 0.45 0.48 0.50 0.49

Color difference (8E} 1.1 1.6 3.4 4.1
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Table 4. Flame Retardancy of Acrylic Fabrics
Treated with Synthesized Flame
Retardant Coatings

45° Meckel burner method
Concentration

Exp. No (Wi%) Char length AfterFlaming® Afterglo»\rb
(cm) (sec) (sec)
Untreated - BEL® - -
10 22.0 26.8 2.0
TBAPU 20 5.3 0 0
30 4.7 0 0

*Burning time of sample with spark was measured
from end time of heating flame.
®Indicates combusting state without spark from

end time of heating ; it was determined by
observation after 1 min from the end time of
heating.

“‘Burned entire length.
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Table 5. Flame Retardancy of Nylon Taffeta
Treated with Synthesized Flame
Retardant Coatings

45° Meckel burner method

Concentration

Exp. No (wtt) Char length AfterFlaming” Afterglow”
(cm) (sec) (sec)
B-1" - 8.9 0 0
B-2° - BEL
10 5.7 2 0
TBAPU 20 4.0 1 0
30 4.4 O [}

*Original fiber not treated with flame retardant
coating and resin.
"Fiber treated with resin only.

Table 6. Flame Retardancy of Polyester
Taffeta Treated with Synthesized
Flame Retardant Coatings

. . 45° Meckel burner method
Concentration

Exp. No (wt%) Char length  AfterFlaming® z\ftr’rg]owb
(cm) (sec) (sec)
B-1 .- 7.9 2 0
B-2 - BEL
10 5.1 0 9]
TBAPU 20 1.6 0 0
30 3.7 0 0

*Original fiber not treated with flame retardant
coating and  resin.
"Fiber treated with resin only.
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Fig. 5. Relationship
trichlorobenzoic  acid

modified

polyurethane

lactone
two-component
retardant coatings.
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Table 7. Data of Fire Test Result Obtained
From Cone Calorimeter

TBAPU  TBAPU
™ F—
Items TAPU-1 -10C 300
Specimen thickness 20 50 20
(mm)
Heat Flex - - -
(KW/m?) 50 o0 50
Exhaust d;Jct flow rate 0.024 0.024 0.024
(m"/sec)
Peak-heat release rate
¢ 907 5
(kW/m?) 1090 07 360
Average-heat release rate . a0a
. : 30¢ 38¢
(kW/m”) 120 306 3389
Average—heat combution . e on =
(MI/kg) 26.2 26.0 24.5
Average-Smoke release 5.0 79 95
(1/sec)
1200
—e— TAPU-1
e TBAPU-10C
_ 1000 —s~ TBAPU-30C
E
é 800
b
g 800
2
g
S 400
1=
E
- 200
0 r
0 50 100 150 200

Time (sec)
Fig. 6. Detailed results for heat release rate

of TAPU-1, TBAPU-10C, and
TBAPU-30C.
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40

Effective heat of combustion (MJ/kg)
w
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Time (sec)
Fig. 7. Detailed results for effective heat of
combustion of TAPU-1, TBAPU-10C,
and TBAPU-30C.
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Fig. 8. Detailed results for total smoke release
of TAPU-1, TBAPU-10C, and
TBAPU-30C.
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