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E2E B dFoME A7 P4F TR ZUSAREPU) GAESE A2t n G4r)e) AR Fale)
o8 daAE o 7= I AT EES Tt F4E tetramethylene bis(orthophosphate) 7+
AZ(TMBO) # nechexanediol trichlorobenzoate 57H3/3E (TBA—adduct)?l o1& 25+ FIHIAES 1,4~
butanediol ¥ adipic acid®] 4FF GHAE £LFTLE Tt 44FTFLE(TTBAE <L o2, P42
TTBA®$# hexamethylene diisocyanate (HDD —trimer?] Z3IAE 424 3AAH 24584 PU Gd=g
(TTBA—-10C/ HDI-trimer=TTHD-10C, TTBA-20C/HDI—trimer=TTHD—-20C, TTBA-30C/HDI-
trimer=TTHD—-30C) & A|x3}5ict Az TTHDHE HATEZA ZoAEE Alglslel TabeA 544 A
22 ARSIt SuEA A Ay, Ao Q v FRHE Qi A4S TS £ tuhEAo] A3
He A3 JEpgich E3 dd Ao EA AT 2P A A8 W 45° Meckel burner]
2 AA3te] WAL dot A, < B FHET /1T 94E F55 TTHDR Z2 ddAe] o F4 v
Ehd 2oz Kol Q17 e o3 vd AVA] Zuprt AR dolgg AT = ATk

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.
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A ZFo| A At Pt AU} w2 Bopl EUEHPU) X
£ BAR 3= PU 8ot} o]#d d4L PU RHbo] #He
3t Watdo] fskar, 152 UukeAd, Hold uisAd T ek

E4& AU glon, teo] HT ARAZe] &1 ST
2 28F AFehke A%e vFo] & ¢, PU R8s o2
BHE 7AE £87} g7 wio|ct?

PU B8 148419 24842 TR T 9om > PU v
29 HZ A7 24849 ZYe735E Elle gol A"
3ta gtk o)= PUA Y587t 8 PU S8R A2o)A
Z8)23 olaAlohilo|E7} FA wkg3le] 73elek 3AAA gt
T2Z FAshr) witolrt’

3 PU WRAE S @t A7 e 22 AROZ o]Fodl
A gt d ARow FAY Yixae®? TR A7t 2l
AE T glom, AREETY g2/ 4 A PU WIEE
of Bt AFE 33k vl 3lth olE AlFel T3 AR
Az A7Ad AF49 A= F542] 1A PU HAEs
= o A e gEEhtet Udst A3E AT Yo,
WaAelEs o @Ewke] PUA delTgrnte 2 il gt A
slElo} & O ddol & 44, A g2 AEE Fh3] ¢
A Ay &3l 391 AEst vdngrt AaA =k ol
Aol GdAaTE Hol7] f8 F5490 QA s vEF =
HAolE TEA e BH0] Azl uhwts] AHA B 2
2} A3 (crack) o] 4717 Wil Aokl

g2zl Q) HES HE3 AT g @3t AFE sk,
Sjerps=*® tetrabromobisphenol—A, 91 33 pentava-—
lentAt oI4E], Z=|HA 2 7|IMPAE BA=sle] 2ET Q)
AR S F73 PUA BAE8E Alxsle] a314Q) dAA
& A=) 433193, Bogdanovastt QrE|E—sz Al W Ak —

i GARRE AFSe] 19 A48 AaE HFAY
& #olEgitt 1Eu ol AFe YARsEES U £
o ERE Edle], e o w58 ElRjlo] ofd A9 W
24 s} AXHoEAN THAR F Tudd £ F9
7 Y, 2HEAS AsE 2 FAIRE AekEe] dd E3e
Z5E B3 &4 59 o8 /X mekddte] daEka 9
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]
A
2 AT M 2417 1 i) o di AuA a3E 4
YA 58 ERRlY] PU YAER
£ AFzsked 1 53 Rk & o o] E7-9 tetrame—
thylene bis (orthophosphate) (TMBO) 2} ¥4 Alwo] &%
nechexanediol trichlorobenzoate (TBA—adduct) F3H84
& 247 e ¥, olF FMAET 9] 1,4 -butanediol
(1,4-BD) % adipic acid(AA) B4 44FETAA 3} G4 &
% HAZEAEE S8 $A " WA EdAE S o
AAJohd]o| E 24 hexamethylene diisocyanate—trimer (HDI—
trimer) & AR A2A43AA 248A PU HAEsE A3}
ot AxE TEEAM TERELE AIREe] oy 1F 22
AE-E AAEIY, 2570 dAAEH R Ui s FAske] 1
9} IR TS PotEgT

4

ot A4A dAAESZ Tokyo Kasei Kogyo Co.9

Shaole ZElde 29 Az ddan 239

trichlorobenzoic acid(TBA)E, Q1A dAAHE L2 Aldrich
Chemical Co.9) pyrophosphoric acid(PYPA) 15 A|eke 2zt
zt gz AMgskgith R EgEe] EAFX WA e AH
A8 oA E Tokyo Kasei Kogyo Co.2] trimethylol—
propane (TMP) & oHlE oldole|2 gaelq ARggo= 8
Tokyo Kasei Kogyo Co.2) adipic acid (AA)+= ol4[ECZ A
278 F 120 Celd 2417 72A17,"® Sigma Chemical Co.
9] 1,4—butanediol (1,4-BD)2 NapSO.= &<538f7 uld 107
~108 /4 mmHge] A2 E ISRt 242 ARSItk
ZA3A)= Leverkusen Co.2] hexamethylene diisocyanate—
trimer (HDI—timer) [Desmodur N—3600, 23+% &% 100%
NCO &2 23.0%, d=(23 C) ¢ 1200 mPa - s], HAQIE =
British Titan Product Co4], TiOs [R-706], 73l&3A1= 9
A (F) €] dibutyl tindilaurate, &¥A= BYK—Chemie Co.
9] BYK—-065, #AAl= BYK—Chemie Co.8] BYK-320, UV
A= Ciba—Geigy Co.8 Tinuvin—5050, #3A= BYK-
Chemie Co.2] BYK—341-& 72 A48t

Tetramethylene bis(orthophosphate)(TMBO)2! . 71414 I
971, &5, Hsbdur), 3] 9@ dariRde] Fad &
2 1 L9 47 ZEglAze PYPA 400 ¢(2.25 moD) & ¥ &
4715 E3to] 1,4-BD 101.1 g(1.12 moD)& M43 Hs}
AZA), Asiale] £&x78 35 ColM 65 T7HA] ed], o
Hrgella wdnkgo] st dolxton, #HF 65 TollM 1007
ZFURES A o HE FAAZCE Bk FAkERl o
2] Arke oEofHE gl FIAA AASIAEH, Aol ol
dogl2e] g3lsls 7t A4 mgl7] o] o] Z&hs 244]
7+ 59 63 HEgo 2y ik - BEES A AAR 3
Sk v qlate] AAE WEEE 40 C, 5 mmHg sfellA 3
xEIsto] et [ A= WPl PYPA/14-BD ¥4 %
820 TMBOE 4%lom whgel 8 52% Ath

Neohexanediol trichlorobenzoate(TBA-Adduct)2| 4. TMBO
oo} 2L AR E Bagh 85 1 LY 47 ETe] EF
A 20 g, Q) 4L 1.0 g, TMP 201.0 g(1.50 mol) ¥ TBA
338.3 g(1.50 moD & 718t &, olAH FH3-g-2 AHach
g2 T HoE 210~220 C lom, #F 230 CollA 204
2RSS A& U A EE FAske] jEg-E FEsIsinh e
EES 4uEe] m=dalibn ¢stedle] 242k JHAIA o)
H5-o] TMPS} TBAE & A|AT the, 50 C, 6 mmHg 3fell
A RpRzste] S22 £ 2859 TMP/TBA ol2E3HE<]
TBA—adduct® L= B4 T 31.19% (0184t 31.19%)
2, ke 4922 Z47F A=

TBA &2 wislof olst HMEZ|0AE2| §M. TBAE A¥
TR e AAEY AR Y WEE Y 2 S o
S3t 2ok £ 1 LY 47 E8kAae 54 16 g, GEAR
Al 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) & B3 S-2AHA
th B E HeE 98~160 TleH, A% 165 Tl 60
B UEES 53T 2ozl AEES S8 Aol A
AABE =, sajEEe] HEEEA 43 W JAE deYsio]
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R3] A|AsIE 2w, 40 C, 5 mmHg sl &
=3 ARl Fg gl poly (TMP/TMBO/
WS TBA 33 Wste] o3 RAgEe]ol Ay gAY 1k
E Ee 9hgz2 v o3 o] AAEReick TBA 10 wi%
st WA EEeAE Y BES-E iE e EF4l 16 g, TBA—
adduct 65.5 g(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 moD) &, TBA 20 wt%
e WA E o AE Y wigEe EF<l 16 g, TBA—adduct
131.0 g(0.38 mol), TMBO 59.3 g(0.24 moD), 1,4—BD 144.1
g(1.60 mol), AA 109.5 g(0.75 mol) 2%, TBA 30 wt% &+
3 A Z oA 9] jEERe B5< 16 g, TBA—adduct 196.6
g(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) 8] Z7& 7z #3lsic) o|59
RES-2P 7 JA AL FAIEQ TTBAS 429 UshAl st
Ag A A Gz o]2 = THEY FrEHA poly
(TBA—adduct/TMBO/1,4—BD/AA) 9] =Z2|&2|H(TTBA-
10C, —20C, —300) & 7}z 9.
74794820 TBA—adduct 4l
= Ba77F Bl ], olF FaAHEL MHAL
Zgrayozl 4890 ® ahte] A E] TMBO
Zolli= WAGER Q1 717t Eolfled, o)F 1 A% UvEd
3 phosphomolybdate ¥.0 2% =x3laic},
717184, A 24 (IR) #3842 Bio—Rad Co.9 FTIR
(Digilab FTS—40%, USA) 2A], #z}7] THONMR) 8542
Varian Co.2) '"H-NMR (Unity Plus 3003, &1l o}4IE DS,
USA)EA, 2% 2 A% #XF4E& Waters Co.8 GPC
(R—140%, USA) 24 717+ S43i5lth megh G412 Shimazu
Co.8] TGA-50HE Atgst] $2E5EE 10 T/min® 1o
2 F7IFNA s
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2MEH HAT RO M, 24EA dAEEY AlFxeE FA ¢
7 2ARAZN FAREY, FAE EoA GEEA F
A<

A M FHoE AR kEEA 32 wAdEY
B 100 goll AXAQl BYK—-064 0.6 g, #4491 BYK—-320
3.6 g, @WAdFl TiOs 83.5 g, H7]&1Ql oHolAlEo]E 28
g I AZLHOMHOIE 28 g 8l|FA|A o]FoiFit 34T
2 UVerdAI Tinuvin—-5050 1.5 g, 74A191 BYK—-341 1.2
g, 7d3=2A<l dibutyl tindilaurate 1.0 g 2 #7]87%) <jld
ARLH 28 g2 FAEATE T3 A 3kA= HDI-trimer$!
Desmodur N—-3600 99.3 gol| f718w3] A2&H oA o] E
16 g 2 ALdd 16 g& vighato] Alzsirt

shE, 248 A dAERS Axe G 389 A
of olaf) dojxl FA) &M 2754 g3 A3A &N 131.3 g
F=sle] whso] REd], 27384 PU dIEE) B3-S 34
{1 TTBA/HDI-trimerduli= TTHDE, 44 @/dE<]l TBA
= 10, 20, 30 wt% 83t TTBA—-10C/HDI-trimer,
TTBA-20C /HDI-trimer, TTBA—30C/HDI~trimer¢] 73-$-
= 719 938 TTHD-10C, TTHD—-20C, TTHD-30CZ Zt
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LRIz RO EUEM AY. dAER] TotEA AES Wt
7] fste] WA SEAIEE AlFivh EEAEHE AERA F
Ag(KS D 3516) & AAsted, KS M 5000-11129) Z8AE
& FAT AN TFe) gFo] Fh)% e =58 AL
S AT) 77.7 pmZ} E=F Bar coater No. 34) applicator
2 F8] JUEE 50+£1%, 2% 2311 T F2354e
A 7U3F A2AA Ak

EUEAG A8 5 45 £4& Krebs—Stormer Visco—
meter (Pacific Scientific Co., Serial 803283%) 24, JdHEF L
+ Pencil hardness tester (Yasuda Seiki Seisakusho, serial
46643) 24, 60° AHFYx F42 KS M 5000-33129]
T84 60° FHBHE AlPHoRA, HagLe KS M 59819
Cross—cut A87|24 2k SAs15ith dxAhe ashizy
OB, AR S e AR EPAI 2 PO R st
HE7t A1) 140 KU(Krebs unit) ol ©2381d 437t 944
B Aoz Yo I KS M 5000-33319 =52
=234 Al 7] AE 3.18 mmé FH o (Mandrel
Pacific Scientific Co., Conical®) FXZA, WEd4de JISK
54002 =52 =275 Aldvbie| uwte} DuPont impact tes—
ter (Ureshima Seisakusho, 5528) 241 2}7} S733)5 o} gt
20184 Ao &3t QUV(Q—ultraviolet) Al 82 QUV
accelerated weathering tester (Q—Panel Co.) & AME3t] &
Astslck

cato] LM AR, Az PUA YRR Al8AHE TEe
HAEE AN Al Sk A 2 FEAYY (ASTM

D 1433) % 45° Meckel burner{ (JIS Z 2150) 0 & 27t =
kst

A Y EE
TMBO % TBA-Adduct®| &+ &0l A3} 94 g PU U
Ta: A7 E2&3 olalodlolEY 2ARAR 1A g

Z2&A &, A3 F4 3 B Z" AU FYHE TTBA
o] AN 2572 FHUYES AMA Dk o) 259 F
A3 PYPA/1,4-BD2 454 #EE<Q TMBOS TMP/
TBAY | AE3HE<9] TBA—adducte]t}.

TMBOS] B4 Zech$} Ford® @ Seodl®® 23l 19 )3t
T8 B4 Fol deizvlel, 1ol wheaA W 399
Aoty 28y TMBO 7249 Q1 3 242 Heof ud
Al Ao 2 Alglo)7] wjie] PEe-S dolugith = UV
B4FEAZ 0838 phosphomolybdate H® ule} 43151
|, ol&gke] 24.8%14| Wrate] &7ggte] 245% = VER} 2
N2l ghEe] A2 dAHE AEE Bo] TMBO £9] < A= &
Qle] 7hsskeith

TBA—adduct®] 342 E&<l TMPS ddidE<l TBA
o AE|3lslo] Ul Bl 25.8 g(o]|2 ¥4 27.0)
B, &L 92%F 77 e §o] ox2FA AYHASE
okokrh TBA—adduct®] #2212 Figure 1), FTIR¥} 'H-
NMR A9 E8 244312 Table 1) 242 AAekdch. 283
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fz %} W TBA—adductﬂl A4 TS AR FE, o
31.19%, 54zt 31.10%= ekt 2 $A7F A9 A%

CH,0H 00H CH,0H
Cl Cl esterification I
CH;CH,—C—CH,OH -+ TN CH3CH,—C—CH;0H
2
H
H,0H 1 ﬁ(; )
(TMP) (TBA) c=0

Cl i Ci
1

(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~CI _
_1059(m) : OH of pri—alcohol 0'9((:1;[3 C)_ _
TBA 1271 (w) : OH of pri—alcohol 14(C-CH~0-)
Adduct o 4.4(C-CHy-0C0O-)
1739(s) : =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- 9.4(C~CH,-CO-)
1735(s) : C=0 3.6(C—CH,~0)
2958(s) : CHy 4.1(C-CH,-0C0-)
B46 (m) : C=CI_ 09(CHs—C)
1012(m) : P-0-C e
LY 1.7(C-CH,~C)
1180(m) : C~0 2.3(C~CHy=C0-)
TTBA-10C 1462(w) : —CHa— e
cs 3.7(C-CHy-0)
1580(s) : C=C of Ar T
T 4.1(C~CH,-0C0-)
1733(s) : C=0 7.3(~CH=CH-of Ar)
2956(s) : CHs :

Table 2. Polycondensation Conditions and Yields for TTBA and TTBAs

241

& ggkon Abh= 4.92%A) A7} 5ol8ke] W92 eht oA
B3}l 9)3F HAgnrgo] AR & IAERL-L oF 5 )

Poly(TMP/TMBO/1,4-BD/AA)2| &M &1 & A7 Z&
20 FAFEL Q) RS BA3 HAZEE)2AEQ poly (TMP/
TMBO/1,4-BD/AA) %, TTBAo|th. TTBAY A7 B4 z
AEE Table 2°ﬂ Y FF 2L Figure 29 22t AA8k 0
o, TTBAS #4472 Table 1] EAISItE Table 19} I
IES 248 2 43 Figure 29 w24 338} 79 4x¢
o245 TTBAY x5 FRIE 5 St Table 3¢ TTBA
9] BHEA g Eled, #2F 7] ¥} TTBAY
HRFEE n Aol M, g 71502 v 435 ZTeZew
FezA SE28 oY HEe A2 BojAH gl
T o] 1.84EA AR XA E Zo| FA Vel F8mt
& &0 FUSE & 7 U

Poly(TBA-adduct/TMBO/1,4-BD/AA)2| M &QI B Q19
FH716 APl Sshs A d T ¥GEEN2ER] poly
(TBA—adduct/TMBO/1,4—BD/AA) £] ?‘é% Ql kS 2 wi%
2 A7 E92 AE TBA 3% 10, 20, 30 wt%2 A
SAA ZEEEHE 92 Aotk

Figure 3l 470¢] d@All &J3t 5ol X #gt
W-e-4-8 Yehfith 53t Table 20 2353142 d23AE9)
ZA% ERRPAES AP, A TBA 10, 20, 30
wt% 3 M3-2 TTBA-10, —20, —30°2.2 ztz}; Aslgich
EolA TTBA-10AE 170CY 122 SAgc 2z &9
AzlaAte] AZ T, TTBA-10BE F3AT HE0F Qlele] &
F#o] 50.9 mLEA ©|2F g% 52.6 mLol R v2HE=
Abgo] o) on TTBA—-10C¢ TTBA-10DE F&z7e
tha ztole Qo o] FUSHAl el o] SRS
n)Fo} TTBA-10CE &HA FRFACZE AU £
TTBA-20F% TTBA-30F2] A$E Zol 1 dapr} vt

Materials Reaction condition Dehydration  Yield
Products ~ TMP* TMBO" 14-BD°  AAY  TBA-adduct® Toluene Temp Time (D) %)
(2 ® () (® (2) () () (hr)

TTBA 58.1 59.3 164.0 180.0 - 16 100~170 7.0 60.8 89
TTBA—-10A - 59.3 183.1 144.7 65.5 16 100~170 7.5 52.5 -
TTBA-10B - 59.3 183.1 144.7 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 - 59.3 183.1 144.7 65.5 16 100~160 6.5 524 87
TTBA-20A - 59.3 144.1 109.5 131.0 16 100~160 7.0 43.9 -
TTBA-20B - 59.3 144.1 109.5 131.0 16 100~150 5.0 40.9 81
TTBA-20C - 59.3 144.1 109.5 131.0 16 100~155 5.5 43.8 85
TTBA—-20D - 59.3 144.1 109.5 131.0 16 100~155 6.0 43.8 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 24
TTBA—-30D - 59.3 105.2 74.2 196.6 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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=], tAlZ TTBA-10%72] A9 s s Heles
W oolEe HAT ez AS TTBA-20Ce TTBA-30CE
212 g,

TTBA-10CY FTIR ~¥EH7 1 $447F Table 101
EAPEY, 2SS BA 2 A% PAHOZ Figure 39 3
skl &o) 487) sk & AAshe ARE el FU. o

O

¢}
. | |
HO—R—OH + (HO);7P—0—R;—O0—P—(OH); + 4HO—R,— OH + 3HOOC—R;~ COOH

(TMP) (TMBO) (1,4-BD) (AA)

I
HO—1+0C—R;— OCO—R,—0 —l|’~ 0—R,;—0OCO—R,—~COOH

9

R,
—_— )
P
|

9

O

HO—R,~0— I_ O—R;—OCO—R,;— OCO—R~ H
0]

(TTBA)
CoHs

Ry~ CHy= C=CH; —
CH,0H

Ry : —(CHo)s—
Figure 2. Reaction of TTBA.

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

Products M My M, M/ M,
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
i i
HO—R—~OH + (HO)Z—{’“O—RZ—O—P—(OH)Z + 4HO—R,—OH + JHOOC— Ry;— COOH
{(TT-Adduct) (TMBO) (1,4-BD) (AA)
o)
HO—-0C—R;— 0CO—R;—0 _'}Il_ 0—R,— 0CO—R,—COOH
%
- . ]llz
o
HO— RZ—O—&-O— R,—0CO—R,;~ OCO—R — O--H
O
(TTBA-10)
CHs
R, :— CHp— (::— CHy—
H:
?
c=0
Cl@jCl

Cl
Ryt —(CHp)a—

Figure 3. Reaction of TTBA~-10.

Z2|H, A30A A3%, 20064

o] ZAYe FTIR AFEHE gl 93, & 846 cm o]
C—Cl T2 9 1580 cm ‘ol WS 149 Fho)TAH
C=C AZFAF ¥=37t AlRo] 5AFozZM T-2Tol daA ¢
A Eel TBA-adductZt 2 SRS Elsiqirh
TTBA—-10C2] 'H-NMR A#|E#9] 7 BAA7E Table
1o BAIPE, TTBAAME ol 93 5, § 7.3 ppmel TBA
gBo] et ek 19 ~CH=CH- &5337} AgA &
A" o2 TBAZ 35EA ol E=U=EGSS 183t
Table 39l TTBA—10C, —20C, —30CS) FEA=3} ot
Bae gkg 47 JeRded, EelM sk 2ol TTBAKTTBA-
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Figure 4. TGA thermogram of TBA—adduct.
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Figure 5. TGA thermogram of TTBA.
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Figure 7. TGA thermogram of TTBA—-20C.
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Figure 9. TGA thermogram of TMBO.

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

Products ~200C ~300C ~400°C ~500 T
TMBO 30.3 12.3 4.5 5.9
TBA—adduct 2.6 24.2 60.7 12.6
TTBA 3.6 27.0 47.2 1.8
TTBA-10C 4.2 37.2 31.2 4.7
TTBA-20C 6.3 32.0 39.6 4.4
TTBA-30C 3.7 19.2 52.5 5.3
A%F% PAAE WYOH, 600 T ol TeolE QA
HEAQ FALgo] 37.3%2 eht 4uBe Akl BT
2 Qgkeh

= Aot R EE 4R A=, TTHDE
ol ke g3 o)z, TTHD-10C, —20C, —30CE gt
g EpAjHolt,
Table 5 4%FF A8 TeEA AR 2FE BAFEY
HEEHRAD 70 KU = ]l @5AR I G2 428 3+
Fol 25 wolAlE AEE B3lon, da gl Yords
5 A3 6 FolaE Esitt S9AEH 4 & A9 A=
A Al 85 FFe vEhlo] A HEo] F1EE 7

b
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Table 5. Physical Properties of Two-Component PU Flame-
Retardant Coatings

TTHD- TTHD- TTHD-

Physical property TTHD* e, 20 300
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 (4F) 0.83 5.40 8.18 10.97
Yellowness index (4N) +0.79  +458 +7.90 +10.72
Lightness index

difference (41) -023 -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—-
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Table 6. Flame Retardancy Tests of Prepared PU Coatings

Testing TTHDY TTHD-10C® TTHD-20° TTHD-30¢
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 (b) TTHD-10C

(c) 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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