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2B Ao o 94 FH3 29U PU) HAEES Axste] Qlaf 9479 AUA] &t
3 4 g2 IATIEY 1 A5 S F3tE §4-2 tetramethylene bis (orthophosphate) £7H4
A& (TMBO) ¥} neohexanediol trichlorobenzoate S7HIAE (TBA—adduct) Q! °1& 2557 S ET} 1,4—
butanediol ¥ adipic acid®] 4FF HFAE FITTS Tt 4LFFTEE(TTBA & & o, F4E
TTBAF$ hexamethylene diisocyanate (HDID) —trimer$! ZA3AE 424317 24487 PU Pdex
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Abstract : The aim of this study is to enhance the flame retardancy by the synergism effect of chlorine
and phosphorus groups. The flame—retardant polyurethane coatings containing chlorine and phosphorus
compounds were synthesized. After synthesizing the intermediate products of tetramethylene bis
(orthophosphate) (TMBO) and neohexanediol trichlorobenzoate (TBA—adduct), the condensation poly—
merization was performed with four different monomers of two intermediates, 1,4—butanediol, and adipic
acid to obtain four—component copolymer (TTBA). The two—component flame—retardant polyurethane
coatings (TTBA—10C/HDI—trimer=TTHD—10C, TTBA-20C/HDI—-trimer=TTHD—-20C, TTBA—-30C/
HDI trimer=TTHD—-30C) were obtained by curing reaction at room temperature with the synthesized
TTBAs and hexamethylene diisocyanate (HDI) —trimer as a curing agent. The obtained TTHDs were made
into coating samples and used as test samples for various physical properties. The physical properties
of the flame—retardant coatings containing chlorine and phosphorus groups were generally inferior to
those containing only phosphorus group. Flame retardancy was tested by vertical and horizontal com—
bustion method, and 45° Meckel burner method. Since the retardancy of flame—retardant coatings con—
taining chlorine and phosphorus groups was better than that containing only phosphorus group, it could
be concluded that the retardancy by the synergism effect of chlorine and phosphorus groups exhibited.

Keywords : polyurethane, flame—retardant coatings, phosphorus, chlorine.
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GAlelle =A st o] Aol whtsl] XA W@ 7
2bd AdH(crack) o] A4717] wjEl Aolch M

SE A Ql RS HEsE dATEFof B8k AG3E sy,
Sjerps=t® tetrabromobisphenol—A, 1< -8-8F pentava—
lentAt ol2H, S|AI- 2 7|29 AE Erl=sto] BET 9l
AE-S 7 T3 PUAl WIERE AlZslo] avael Wl

S g 4331913l Bogdanova=tt QrElE—stz ] ul 24—
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5 Az 11 58S Fotk & o AdEo] g9 tetrame—

thylene bis (orthophosphate) (TMBO) £ 4 Ad&o] &4
neohexanediol trichlorobenzoate (TBA—adduct) 7F34d
=2 47 S 5 ol SHEET DAl 1,4-butanediol
(1,4-BD) 9 adipic acid(AA) 24 4AFSTAA Q2 A4
F WA ZE A AEHE SIS EdR HAE o AE e} o]
AA]old|o]| EZA] hexamethylene diisocyanate—trimer (HDI—
trimer) & A17431o] A2ASAIA 243w PU dAE=E Alxst
Stk Axd E52A TERES A&l ofg] 7HK] EHHEA
NS AABIGA, 2572 dAAHe R dldS S5k 1
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oFE ALA WAMEOSZE Tokyo Kasei Kogyo Co.9]

123 FHeE et
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trichlorobenzoic acid(TBA) &, 1Al HAAF S =2 Aldrich
Chemical Co.9] pyrophosphoric acid(PYPA) 19 Aok Z+
7y i ARSI U ER ] BAER]Q WA o A
A8 deRA|2 Tokyo Kasei Kogyo Co.9] trimethylol—
propane (TMP)-& o} E3} ofelefe 2 golox a4 oz 18
Tokyo Kasei Kogyo Co.2] adipic acid (AA)+= obA|EO = A
A%% F 120 ColA 2417F AxA17," Sigma Chemical Co.
9] 1,4—butanediol (1,4—BD)< Na,SO4=Z €53}aL 1|3 107
~108 T/4 mmHg®] Ao x AeFsiste] 247 ARgsigith
7 3kA:= Leverkusen Co.9] hexamethylene diisocyanate—
trimer (HDI—timer) [Desmodur N—3600, 118+ < 100%,
NCO &% 23.0%, 8523 C) ¢F 1200 mPa - s], WAt g =
British Titan Product Co2], TiO2 [R—706], ZA352A4+= 54
Ak (59) ¢ dibutyl tindilaurate, A~¥A:= BYK—Chemie Co.
9] BYK—065, #2H= BYK—Chemie Co.9] BYK—320, UV
eFA|+= Ciba—Geigy Co.2] Tinuvin—5050, 73A4]= BYK—
Chemie Co.9] BYK—341& ZHz} A3t

Tetramethylene bis(orthophosphate)(TMBO)2| &M, 71414
W), 254, A7), ER377] 9 "av|Rade] Faw &
21 LY 47 Z2~3 PYPA 400 g(2.25 moD) S €1 4
P4 715 E3ko] 1,4-BD 101.1 g(1.12 mol) & A143] &35}
ALt AetAle S22 35 TollA 65 T7H e, ]
IgelA] dnkgo] sl dojwkor], HE 65 TolA 100+
=S AR o W5 SAARTE BES FakER] Tk
22| Ak oldefEl 2 gl G3AIA AASIGET, Ate] ol
dofle| 2] 83ll== =7} =E)7] Wl o] Z2RE 244
7 B3 63 HHESE o =4 Ak shy S3lES ok AAE 5 Q)
At} ohe )ito] AlAE WEES 40 C, 5 mmHg 3kellA] 1t
shzziste] gk HAe] AR e Al PYPA/1,4—BD 4544 %
=<l TMBOE ¥%lom whgo] 82 52% it

Neohexanediol trichlorobenzoate(TBA-Adduct)2| 2. TMBO
oA el B2 ARE FAsE G5 1 L9 47 ek EF
dl 20 g, Zm<l €14 1.0 g, TMP 201.0 g(1.50 mol) ¥ TBA
338.3 g(1.50 moD) & 713+ &, o AH F3HsS FsYsoich
S W9 210~220 C lom, HFE 230 CTeolA] 204]
2 NEEE A& v AP S5l ke F4sIsinh 4439

|5 4 w2d iy siddle)] Z42E JAAA 1
Hk-S-9] TMPS} TBAE & AlASH the, 50 C, 6 mmHg s}ell
Azsto] S £ 1450 TMP/TBA ol AE|8HER]
SRS 31.19% (©12%k 31.19%)
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SRS 92 W& OAE S RESE g W kS o)
S 2o} &5 1 LY 47 Egkhge] E74¢ 16 g, SEA=
A1 TMP 58.1 g(0.43 mol), TMBO 59.3 g(0.24 mol), 1,4—BD
164.0 g(1.82 mol), AA 180.0 g(1.2 3 moD) = ¥l s&A1F
o} g4en W 98~160 CPom, HFF 165 Tl 60
1 UEES AR Qo APES ST Aol o8
AABIRA=, Sl werEzA 43 Qv AE Tasie]
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uNFSEA S &3] AAS M, 40 T, 5 mmHg 3ol 7
tAxsle] Al AR Fraalel poly (TMP/TMBO/
1,4-BD/AA) °] Z2]Z2H(TTBA)E dUth
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To TBA 5 wiglel ot WA el el A1) vk
= b REgEAL HPHS vheat o] eItk TBA 10 wt%
St WA Z el AE o] W-eE v <l 16 g, TBA—
adduct 65.5 £(0.19 mol), TMBO 59.3 g(0.24 mol), 1,4—BD
183.1 g(2.04 mol), AA 144.7 g(0.99 mol)&, TBA 20 wt%
SHrsh WA Eelel~E o] wigkE> =<l 16 g, TBA—adduct
131.0 g(0.38 mol), TMBO 59.3 g(0.24 mol), 1,4—BD 144.1
2(1.60 mol), AA 109.5 g(0.75 mol) &, TBA 30 wt% 8+
sk A& ol A~ o allgE B4l 16 g, TBA—adduct 196.6
2(0.58 mol), TMBO 59.3 g(0.24 mol), 1,4—BD 105.2 g(1.17
mol), AA 74.2 g(0.51 mol) 2] A& ZZ} &3} 0|59
WS ak AAPdS FAIES] TTBAS 7591 5dsHA afo
st Fatalo A obdAle] o]2 wHE] FrE el poly
(TBA—adduct/TMBO/1,4—BD/AA) ¢] =Zz]Z2|# (TTBA-
10C, —20C, —=300) & 27+ ek

Ha 3 9l M SHUH F3HAEQ] TBA—adduct %9
T HA3ER] QAT Bl e, olF faE AMEIA
Zeprayior! Skl & shel S84 E< TMBO
Zoll= AR Q1 77t Eolled], ol Q1 A% UVid
BT AS 0] 23 phosphomolybdate o722 =431}

71712M. A2 (IR) #3842 Bio—Rad Co.4 FTIR
(Digilab FTS—40%, USA) 241, 3x17] 3 (NMR) 33542
Varian Co.2] '"H-NMR (Unity Plus 3003, &1 o= D6,
USA)ZA, 224 2 ExleF X342 Waters Co.2] GPC
(R—1403, USA) ZA] 712+ Z43)9iu}. met G224 Shimazu
Co.2] TGA-50HE AMH3te] 52555 10 C/ming] &0
2 371%N4 S35

2MEA HAZRo| MIZE. 24wA HAEES Az A 9
AaA|e] 22 BAZA A==, FAE oA <t 5
A3} 34 oz AEstec) eteial 39 WA Z oA
Bl 100 goll 2%A¢1 BYK—064 0.6 g, #4k4121 BYK—320
3.6 g WAeEEQ] TiO, 83.5 g, 7181 oEobAEo]E 28
g 3 AREHOPHO|E 28 g& WiFAIA o]Fo|Rith 3437
2 UVerd A9l Tinuvin—5050 1.5 g, #4191 BYK—341 1.2
g, 43%31AQ] dibutyl tindilaurate 1.0 g ¥ 71802l €
AR Ld 28 g2A A=k =3 F3kAl: HDI-trimergl
Desmodur N—3600 99.3 goll 7-7]8mQl AZL&HolA|E|o|E
16 g 2 A4 16 g& wigsto] Az

SHH, 248 dAER] Az A7 A sy
o oJ&] Aojxl FA| GN 2754 g3} A3HA £ 131.3
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Q1 TTBA/HDI-trimerduwii= TTHDE, |44 del’dE<l TBA
ek 10, 20, 30 wt% E-3 TTBA-10C/HDI-trimer,
TTBA—-20C /HDI-trimer, TTBA—30C/HDI—trimer<! 73-$-
= 19 935S TTHD—-10C, TTHD—-20C, TTHD—-30C® Z+
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2 Fgsto] AhHE 5011%, 5 2311 € g2g54
A 7Y AZAA AZsk!

SHEA A F A% 542 Krebs—Stormer Visco—
meter (Pacific Scientific Co., Serial 80328%) 24, AIA =
+ Pencil hardness tester(Yasuda Seiki Seisakusho, serial
46643) 24, 60° AHFEE 42> KS M 5000-33129]
E59 60° AHdEE Aoz, A2 KS M 5981
Cross—cut AIF7|EA Z42F SA3I5Ith A2 7R askizy]
S 2A, TRIZE 3L ke AR SAeF 2 o R S
HA7F #H1gkel 140 KU (Krebs unit) o] =25k 4317} ¢4
B Ao=r gt =34 KS M 5000-33319 =529
T AT gAS] AE 3.18 mme] ZHd|(Mandrel :
Pacific Scientific Co., Conical®) A=A, WEA4dL JIS K
54009 =19 FA7}= Al&gHP o] wlg} DuPont impact tes—
ter (Ureshima Seisakusho, 55238) 24 2tz Z4313it) ok
ZAYTA Aol &3 QUV(Q—ultraviolet) A8 QUV
accelerated weathering tester (Q—Panel Co.) & A3l &
gtk

Zato] LM AIY. AlzE PUA WIESE Al8AJEQ =k
HAGE Axd AR ke 74 9 FEAER (ASTM
D 1433) 3% 45° Meckel burnerf (JIS 7Z 2150) 0.7 Z}z} =
Asklck
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TMBO % TBA-Adduct®| & &0l <13} 94 3y PU Wl
S JA EFEEY o)aAloMIo|ES] 2RAIR FAE =,
22|27 5, Q3 A g WA ZeAEQ FANE TTBA
Al 2572 SHAFES A A o)E 2% F
AJJEL PYPA/1,4-BD2] &4=A] 3521 TMBOS} TMP/
TBAS] | ~E 32 TBA—adducto]th

TMBOS] 33S Zech9} Ford® 9 Seodl® 93] 19| 3
T8} BA So] gEixivlel, 19 whsxA W TS
Aeksldnt 18y TMBO 1-%4:9) 91 38 4L Hof dad
Al BRRIAO] 28 ARo]7] wjite] WEUE-S olrgitt = UV
B3P AS 0] 83k phosphomolybdate el whe} 243819
£, o]k 24.8%1H Histe] S7gke] 24.5%% VERY 2
72 ghEe] Al UX == A Ho TMBO 49 ¢l A% &
Qle] 7Fsskelet.

TBA-adduct®] $/32 Ez]&<?] TMPS}F Hd/dw<l TBA
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2, 582 92%E 247 el 0] £2EA AAEHASS
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sk obollA] TBA—adduct®] 94 S&Fgks AAIP=H, o]
237k 31.19%, 3%k 31.10%= JeR} 11 527} A2 923t

CH,OH OOH CH,O0H
| Cl Cl esterification ‘
CH;CH;=(—CH,0H  + o CH;CH, ~ ¢~ CH,0H
-Hy
H.
CH,OH b (F H
(TMP) (TBA) ¢=0
Cl i Cl
Cl

(TBA-adduct)
Figure 1. Reaction of TBA—adduct.

Table 1. FTIR Absorption Bands and '"H-NMR Chemical Shifts of
TBA-Adduct, TTBA, and TTBA-10C

"H-NMR (300 MHz,

. -1
Products ~ FTIR(NaCl, window cm ) acetone D6 & in ppm)
821(m) : C—Cl ~
1059(m) : OH of pri-alecohol  09(CHs=C)
TBA= 1071 (w) : OH of pri-alcohol  L-4(CCHe=07)
Adduct S ot 4.4(C-CH,~0C0-)
1739(s) : C=0 7.3(~CH=CH of Ar)
3390(s) : OH :
1010(m) : P-0-C 0.9(CH;-C)
1178(m) : C-0- 1.6(C~CH,—C)
TTBA  1462(w) : =CHy— 2.4(C~CH,~CO-)
1735(s) : C=0 3.6(C~CHy—0)
2958(s) : CHs 4.1(C~CH,=0C0-)
846 (m) : C-CI 0.9(CHa=C)
1012(m) : P-0-C o
S 1.7(C-CH,~0)
1180(m) : C-0 2 3 CH—CO)
TTBA-10C 1462(w) : =CHz— el
S 3.7(C~CHy—0)
1580(s) : C=C of Ar 11— CH—0C0)
1733(s) : C=0 ' :

2956(5) : CH.’& 7.8(_CH:CH_Of Ar)

Table 2. Polycondensation Conditions and Yields for TTBA and TTBAs

241

S dskor, A= 4.9284] a7} 5018k MR YERY o
Eglof] oJgt $Mgukgo] AR 2 %13y < :

Poly(TMP/TMBO/1,4-BD/AA)Q| &+ &0l H AFe] L&
o] FAIFL Q1 ke B8 wdZe] o 2E <l poly (TMP/
TMBO/1,4—BD/AA) Z, TTBAoItE. TTBAS A~
ZAEE Table 29, $/9532245 Figure 20 47 AL
W, TTBAS] #AZ43}= Table 19| 81tk Table 12] 3
A5S BAE B A3 Figure 29 w32 7x9 719 Adxg
o2Z4 TTBASY F2F 1 4= 3U3ith Table 3¢ TTBA
o] Al e YeRllisd], A A27]2 Hol TTBAS
HASHE n #ol My 38 71202 g 4= ZEH
FejzA £58 SugAel et A7 "o oAt
T Fol 1.842A4 BA BEFA Fo] FA VeR} FEmk
& Zo] FES o T QUG

Poly(TBA-adduct/TMBO/1,4-BD/AA)Q| & 01 2 <1719
TH7s Aol &k 1 A Ty wAEIAEH poly
(TBA—adduct/TMBO/1,4—BD/AA) &] 4L 91 32 2 wt%
2 1A7AL 94 ARl TBA 3=k 10, 20, 30 wto= W
SAIA ZelEeHE 92 otk

Figure 3 470€] @Al gt H3k53tel Slojx <] 8t
HRe-A1S YR 8 Table 20 F3F58A9] WA S9]
IAFY FHEAES AA P, EelA TBA 10, 20, 30
wt% T3k M-S TTBA-10, —20, —30°.% z}z}F A&t
FollM TTBA-10A: 170T9 128 FAITozZH g5
AzleA o] A7, TTBA-10BE T8I dE07 ¢lslo] g
Fo] 50.9 mLEA] o]&4 g7 52.6 mLell BX v|dE=
Aglo] opr1glon] TTBA—10C$+ TTBA—10DE Z&x710|
T 2ol ot &0 sdshA UeRY, ol Faxas
nFo] TTBA-10CE A4 T@XUOo= 33k =3t
TTBA-20%$} TTBA-30F2 ZA9% Fofl 2 Axp7) vehdt

)
x2
dlo

2 x

Materials

Reaction condition

Products ~ TMP* TMBO’ 1,4-BD°  AA’  TBA-adduct® Toluene  Temp Time Deh(y dS‘UO“ Y(ﬂ;l)d

) (@) (@ ) ) @ () (hr) m i

TTBA 581 593 1640  180.0 - 16 100~170 7.0 60.8 89
TTBA-10A - 59.3 1831 1447 65.5 16 100~170 7.5 525 -
TTBA-10B - 59.3 183.1 1447 65.5 16 100~160 5.0 50.9 83
TTBA-10C - 59.3 183.1 1447 65.5 16 100~160 6.0 52.2 87
TTBA-10D - 59.3 1831 1447 65.5 16 100~160 6.5 52.4 87
TTBA-20A - 59.3 1441 1095 131.0 16 100~160 7.0 43.9 -
TTBA-20B - 59.3 1441 1095 131.0 16 100~150 5.0 40.9 81
TTBA-20C - 59.3 1441 1095 131.0 16 100~155 5.5 438 85
TTBA-20D - 59.3 1441 1095 131.0 16 100~155 6.0 438 86
TTBA-30A - 59.3 105.2 74.2 196.6 16 100~160 7.0 35.2 -
TTBA-30B - 59.3 105.2 74.2 196.6 16 100~155 5.1 34.8 82
TTBA-30C - 59.3 105.2 74.2 196.6 16 100~155 5.5 35.0 84
TTBA-30D - 59.3 105.2 742 196.6 16 100~155 6.3 35.1 84

“TMP : Trimethylolpropane. TMBO : Tetramethylene bis (orthophosphate) . “1,4—BD : 1,4—Butanediol. AA Adipic acid. “TBA—adduct :
Trimethylolropane/Trichlorobenzoic acid intermediate .
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242 295 - 237 - vt
Q=d], A2 TTBA-10F7-2] A9} v|5et oS Hdog
# ol=e] AAS FaxAS TTBA-20C9 TTBA-30CE
2z} 23St

AHAEY

TTBA-10C¢] FTIR ~HEHy} 7 #4435 Table 1o
FEAGE=, da5s BAE 2 A3 g2 & Figure 39| 3
sHES-2A] £90] 287 G2} 2 AX|e= AFEe B =9tk ¢

=2 v

0
[ [
HO—R~OH + (HO),~P—O—R,— 0—P—(OH), *

4HO—R,— OH + 3HOOC—R,;— COOH
(IMP) (TMBO) (1,4-BD) (AA)
i
HO—TOC—Ry— ()C()*Rz*()*f"* O—R,— 0CO—R,— COOH
R "{z
?
HO— Ry~ 0—p—0~Ry~0CO~Ry~ 0CO—R,~ O H
(0]
n
(TTBA)
C‘2H5
R] i CHQ* (‘:7 CH:*
CH,OH
Ry —(CHp)s—

Figure 2. Reaction of TTBA.

Table 3. Average Molecular Weights and Polydispersity Index of
Synthesized Modified Polyesters

Products M, My M, Ml My
TTBA 2160 3980 7580 1.84
TTBA-10C 1800 3610 6700 2.01
TTBA-20C 1530 3310 9150 2.16
TTBA-30C 1250 1870 2930 1.50
HO—R—OH + (110)27{;707122707‘}"7(0[1)2 + 4HO—R,— OH + 3HOOC—R,— COOH
(TT-Adduct) (TMBO) (14-BD) (AA)
0
HO—0C—R,— ocosz—of‘;%f 0—R,— 0CO—R,— COOH
Q
> P‘(z
0
HO— Ry— 07‘1“)707 Ry~ 0CO—Ry;— OCO—R;— O1H
0
(TTBA-10)
CoH;
Ry : = CHy— C— CHy—
‘g[z
)4
-0
c I a
e}
Ry : —(CHy)—

Figure 3. Reaction of TTBA—-10.
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S 0497 - 192
o] FAFY FTIR AHMEHe|E= ¢l 9|3, 5 846 cm o
C—Cl 1 8 1580 cm™'of W% 1ei4e] ool 5T
C=C 2535 =7}t M| T o=H Fxz A
14 5¢] TBA-adduct’} & =5 9L-S Folalain).

TTBA—10C¢] 'H-NMR A#E9] 7 BAZA3Z Table

1o FAIE=t, TTBAIHE= ¢l 9= =, § 7.3 ppmell TBA
diel ot W 18]e -CH=CH- &3/} AMaA &
Aoz TBAZE 354 el =dEA5S gRlskqlrh

Table 3o TTBA—10C, —20C, —30C2] Ha¥=k3} v}
AL 288 247 yebisd], HolA 9 o] TTBAKTTBA-
10C<TTBA—20C<TTBA-30C2 <A =2 #A=n} thtite
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Figure 4. TGA thermogram of TBA—adduct.
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B
o
ro
tlo
Jo
<
[ &l

g ZgnQl WAZT]d
t}. o]+= TBA—adduct
xEEeH Fejo]7] u
TBA Z@jZgmse} Q17 94
ZWE 500 T aL2olA dZet
, TTBAR %2] dAgAdo] 25 %
olEI = EER 9 S Y W
TMBO= 200 C o]3lofA] o]n]

=

;
o
Q

s
2
Ogi o
O_>1:4 Uu.;
=

ot
it
rlo

&

ﬁ

v

A

oot

ikl

o

=

~N R
i

Yo rlo o
2
)
3o

ok
do -
2

79l

,_]
o8]
>
% 4

7
2 |y

O X oo &2 o [ 4
oX o
o I3 L

T g
¥
o
¢
iy
1%
o
%
;ﬂ

Jepde wlal

38

ol
=
)

i)
i
2

1.

o
Jdo
o
o
N
n)
e,

& 259 Az dAat 243

920%

0.00 0.920
. 3684T  Tomon0 ———]_0.733% -99.334%

200.00C ~19.163%

300.00C 52.512%

—10.00

TGA (mg)

400.00C — —5.270%

500.00C ~6.716%

—20.00

0.00 206.00 406.00 600.00
Temperature (C)

Figure 8. TGA thermogram of TTBA—-30C.

0.00 Eﬁ‘“ﬁ%,m 206% 62.666%
— 200.00C |-12.25%
of
E
< —10.00
8 500.00C, -8.253%

—20.00¢ X ) .
0.00 200.00 400.00 600.00

Temperature (T)

Figure 9. TGA thermogram of TMBO.

Table 4. TGA Results of Synthesized Modified Polyesters and
Intermediates (Weight Loss %)

Products ~ ~200 T ~300 C ~400 T ~500 C

TMBO 303 12.3 45 5.9
TBA—adduct 2.6 24.2 60.7 12.6

TTBA 3.6 27.0 472 1.8

TTBA-10C 42 372 31.2 47

TTBA-20C 6.3 32.0 39.6 44

TTBA-30C 3.7 19.2 525 5.3
AFF TS B10H, 600 T o] aeoxe QA 4
A5 dAro] 37.3%2 Ut ko] diapgro] e
& &

HOIERo| EUEY Hlu HE WAIERS] RuEA Alde 1
A SRS AT F meA RS AR sl 24 &
WA H= Zlolvh mEAE 4555 MR, TTHD:
QA Awuks gt Zlo]a, TTHD—10C, —20C, —30CE 1
B ES e SEAlEo

Table 5°ll 45+ A= =04 A1 Avs 2AH,
AR 70 KU Q1 S5AEG 13} 4 s &+
g o] 25 FOPAE AT Bow, fi o] Yolds
= A4 v Folde Aokt ABARHOVE ¥ = 919 He
Ag Ao} st e vehlo] 9 o] SMEeE 4
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Table 5. Physical Properties of Two-Component PU Flame-
Retardant Coatings

TTHD— TTHD—- TTHD-—

Physical property TTHD loc? 20CE 30¢¢
Viscosity (KU) 80 78 67 65
Pencil hardness H HB HB B
60° Specular gloss 88 82 81 79
Cross—hatch adhesion(%) 100 100 100 100
Drying time (hr) 15 11 10 9
Pot—life (hr) 1.0 2.0 2.0 2.5
Flexibility (1/8 inch) good good good  good
Impact resistance
(30 cm/500 g)direct good good good good
Reverse good good good good
Accelerated weathering
Resistance, QUV (1500 hr)

Gloss retention (%) 79.5 71.9 63.0 62.0
60 Specular gloss 70 59 51 49
Color difference (4£) 0.83 5.40 8.18  10.97
Yellowness index (4N) +0.79  +458 +7.90 +10.72
Lightness index

difference (A7) -0.23 -059 -089 -1.24

“TTHD : TTBA/HDI-trimer. *TTHD—10C : TTBA—10C/HDI—trimer.
“TTHD—20C : TTBA—20C/HDI—trimer. “TTHD—-30C : TTBA—30C/HDI—
trimer.
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Table 6. Flame Retardancy Tests of Prepared PU Coatings

Testing TTHD* TTHD-10C* TTHD-20° TTHD-307
methods (sec) (sec) (sec) (sec)
Vertical 205 240 304 328
Horizontal 296 SE/ SE SE

“TTHD : TTBA/HDI—trimer. "TTHD—10C : TTBA—10C/HDI—trimer.
°TTHD-20C : TTBA—20C/HDI—trimer. “TTHD—30C : TTBA—30C/
HDI—trimer. “The average value obtained from the result of five inde —
pendent tests. ‘SE : self—extinguishing property.

(a) TTHD | () TTHD—lOC

(¢) TTHD-20C

(d) TTHD-30C

Figure 10. Char areas of 45° Meckel burner test of two—com—
ponent PU flame—retardant coatings.
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