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Objectives: The objective of this study was to propose the
total isocyanate analytical method which involves derivation of
2 4-toluene diisocyanate(2,4-TDI), 2,6-toluene diisocyanate(2,6-
TDI), 4,4-methylenediphenyl diisocyanate(4,4-MDI) and 1,6-
hexamethylene diisocyanate(1,6-HDI) using 2-chlorobenzyl
alcohol(2-CBA) or 2.4-dichlorobenzyl alcohol(2,4-DCBA), and
analyzing of hydrolysate of the synthesized urethane with the
gas chromatography(GC)/flame ionization detector(FID),
GC/pulsed discharge ionization detector-electron capture
detector(PD-ECD) and GC/mass selective detector(MSD).

Methods: Urethanes were synthesized by reacting 2,4-TDI,
2,6-TDI, 4,4-MDI and 1,6-HDI to 2-CBA or 2,4-DCBA.
Urethanes was verified by TLC, HPLC/UVD and GC/MSD.
For field application, the most suitable condition that 2-CBA
coated in glass fiber filter removed completely and urethanes
were not removed was searched. 2-CBA generated from
hydrolysis of urethanes according to hydrolysis conditions.
Diisocyanates were collected on field air and analyzed.
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Results: Urethanes which were white and solid phase
synthesized by reacting 2,4-TDI, 2,6-TDI, 44-MD], 1,6-HDI
and 2-CBA or 2,4-DCBA. And urethanes were verified by
TLC, HPLC/UVD and GC/MSD. The most suitable conditions
to remove 2-CBA coated in glass fiber filter were 87 *C and 20
mmHg and urethanes were not removed under same condition.
Hydrolysis yields of urethanes were 99 % to 111 %. 2-CBA, the
hydrolysate of urethanes was analyzed by GC/FID, GC/PD-
ECD and GC/MSD.

Conclusions: Simultaneous analysis of 2,4-TDI, 2,6-TDI,
4.4-MDI and 1,6-HDI deriving with 2-CBA and 2,4-DCBA,
along with a total isocyanate analysis, was feasible with
GC/FID, GC/PD-ECD and GC/MSD. This result will be a
guide of further study on total isocyanate analysis.

Key Words : total isocyanate, TDI, MDI, HDI, urethane, gas
chromatography
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ap D7l t]o]aAlopd]o] E (16 —HDI) & £33k 0|4
oMol EfrE A AAIH & ol AFH L Qla, AAEH
7] % 7] 5+ (Organization for Economic Cooperation and
Development, OECD) 2] high production volume (HPV) 3}3}H=
AEEof FFE 0] QITHOECD, 2004). o] AAlot|o] Ef=
A, AzA T TPl E AR FoF Az, ‘{}_7}?
HA, EE, AR, S 9 SekaE gl A
il Qlth(Bernstein, 1982; NTP, 2002). £-34l t]o]4A| oMt
TDI) & 24-TDI2} 26 -TDI % A A F702] oA A7} &4
shetl, 39805 A5 = TDI= 24-TDI : 2,6—-TDI 9] 3}
0501 995% :0.5%,80% :20% 2 65% 35 %A A &
o) 4] 95 % ©]AF2- 80 % :20 % ||t} (WHO, 1987). 184
W% oA AAH HA D 5715 Ao] = Qs A
24— ’IDIEE}26 ~TDI7} ] o] 7| A 8}e}n], AA 25 ¥4
3t EAEH1E W 26-TDI7}H 1l o] &9t} Rando &,
1984). -9 Ao M= 2,6-TDIS] 7]55 =7} 24 -TDIK.
th10H) o]AF wo] A&E i vhEFA 2003).
24-TDI°| =2 Y& A5 9%, = 2 2EF71719 95,
A4, A7 58] Ao, 7| AAS, AF-F 2N Y TE S5
ek} (THS, 1988; Sittig, 1985). =+ ]OLOﬂ 7]+ (International
Agency for Research on Cancer, IARC) ]| 4] = 2reFAd of o5 /‘1
TDI+= Group 2B, 4,4° —MDIs= Group 3 ©. & # 5}%]
(IARC, 1999a; IARC, 1999b), =& =& Zi.}i,E’a:L"JJ(Natlonal
Toxicology Program, NTP) | 4= TDIE Group B= %7 3}3
CHINPT, 2005). Q1% 2.2ZA]9] Union Carbide 73]+ 1984
1280 T o] AAJopu]o| E fEAR 07 3 9
APEARZE AR o] & AFte] A Aol o A AE7HA
B2 A7 Qe A vk v AR S8 AT <) 8
(American Conference of Governmental Industrial Hygienist,
ACGIH) o A& ¥l & o] Aot o] E(MIC) of o
Threshold Limit Value —Time Weighted Average (TLV —-TWA) &
0.02 ppm (0.047 mg/ny’) ©. = P 13}ar, 24-TDIH 2,6—TDI¢]
tf g+ TLV-TWA £ 0.005 ppm (0.036 mg/m*), MDI o o]t
TLV-TWAE 0.005 ppm (0.051 mg/m*), ~12] 32 HDI| tjgt
TLV -TWA £ 0.005 ppm (0.034 mg/m*) .2 AL 3}aL Qlth
(ACGIH, 2005). &, 9 aMEM e A% 24-TDI &
44-MDI 9| T3 =%7]5% 0.005 ppm o2 A 3skar v}
(%5, 2002). F= A C{}?ﬁﬁéﬂl A= ol Aol o] E Y
A AU At tig el e Aeteto] 8 87EAE
o] aAJoh| 0] E7] 9] o 7510 002 mg NCO/m® (STEL
0.07 mg NCO/m*) © 2 3} tHHSE, 1987). 0] & o] A A

H& 752 Eo]4-¢ TDI, MDI W HDI®] 7}~ ZrME 183 72 223

opf]o] E9] /g0l W-g-Ade] F —NCOZ|ol 917] wiz]

dimer, trimer 52 & ZotH o] tha AT FAlskE Ao)
o whebA] o g o] s FoliAlop] ol E £4 o] tis)
of D Hofof & Ao},

o)z Aoho] 259 AT 2716l $gE tlol ik
29 #4298 JUAR ol £Aohol ES FAF F

WA g EA| 2 A 5l T Marcali, 1957). & 2ol =
olefg 934 =AW il I8 FHE o] &g I
& o] ARE-3laL QlvHMao 5, 2000). o] 3k B F -
(2—pyridy1)piperazine—% I FeF2EH & AREEo] o
ojiA| oh|o| E & EA3to] uo A A 2w} E e (high
performance liquid chromatography, HPLC)/A}2] 41 71 7] (ultra
violet detector, UVD) ¥ o|v} & 4-7 % 7] (fluorescence detector,
FD)H o g FA&= 1Ho] 9IthHOSHA, 1989). 7181

AR o] mAlop o] EE E3l0] Q4 AR “P5°1
X HPLC/# 7] &8t % 7] (electrochemical detector, ECD) 9
HPLC/UVD Z &4 3}+= o] 3l 2w (NIOSH, 1994), -1 ﬂ
ok HAR THTI o]Arlop| o] EE tryptamine -
A 3}sto] HPLC/FDo]u} ECDY 0.8 FA3H= W] Ol i
T}HINIOSH, 1998). o] d7bA| = o] Alopdo] E 74248 74
sz sl disiA Ao A A W, 2 NIOSHe A4 &=
9—anthracenylmethyl 1 —piperazinecarboxylate & o]§-3}0] 1=
Az} gt 3 sodium thiomethoxide 2} WH3- A1 A A ¥ 9
anthracenylmethyl methyl sulfide& HPLC/UVD - FDZ #-A5}
T FolaAopd o] E EA M o tiate] Akl QUAIRE,
R EAA, o5 Qg I, & T wAE 2
olTH( = 7E, 1999; Roh, 2000).

Aol M= o] Aol o] E ZF 2,4 -TDI, 2,6 -TDI,
44 -MDI ¥ 1,6-HDIE 2- ﬂiiﬂ‘ﬂé‘ 2512 2-CBA)
W24 -vEFz2d 438 24-DCBA) 7} $HA1A A4
B $oE FEA RN ES BASE PHoRA, U
A3k 7] A= 2 v} E 78] 9] (gas chromatography, GC) /& 2k0] -2
3}7A % 7] (flame ionization detector, FID), GC /8 A~ 14 o] &3}
AR} 23 7 %7 (pulsed discharge ionization detector —electron
capture detector, PD-ECD) 3 GC/d# 7% 7] (mass selective
detector, MSD) 37}#] HPH O 2 E-A = Fo| Aol o] E
A ] Bl 7 @A 80 Ths A S Bt el

=

a H

ool ol ALg-E wld 457299 %, BA), B34 99 %,
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BC), 2-CBA (99 %), 24—-DCBA (99 %) —E-S 999 %), scientificAF(USA) oA, #]g+-£-(99.8 %) S EMA}F(USA) o 4]
AAHB5 %), FAO07 %), ASHEF 99 %) J EF© Z2t7 gste] Abg-skglth 9l =& BansteadA}(USA) €
%), =05 %), B4 (998%>, BH2(999 %) 9 ZETAZZAE Aol TR 9 Bol3 e AT E
v Elo] 2 %€ 7 & (99 %, MIBK), u1]‘?—,1&4};(99.9 %), °l A58

A 248099 %),
2,6-TDI(97 %), 44

He g1 (99 %), 24-TDI98 %), e sueke] FQlE g gked ARMETH I
—-MDI 98 %) % 1,6—HDI (98 %) += (thin —layer chromatography, TLC) -
AldrichAHUSA) o 4], oA E L E=(99.9 %, ACN) & Fisher 254 Merck, Germany) & AFE-3F91 3 A& S A9H HxE
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[g. 1.synthesis of 4TC urethane, 6 TC urethane, MC urethane, | IC urethane and 41D urethare

Table 1. Analytical parameters of HPLC/UVD for urethane purity

Description Condition

Detector Ultraviolet Detector

Detection wavelength 210nm

Injection volume 1~5uL

Flow rate 1.0ml/min

Column Discovery ODS(250 x4.5 x5, 120 A, endcapped)
Column Temperature 40T

Mobile Phase MeOH

2 silicagel 60F —
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o] 8 3% t}. 2-CBA 2 24-DCBA2 ¥ A &
GC/FID (Hewlett Packard 5890 series 11, USA) 2} GC/PD—
ECD PD—C2, Valco, USA), —12] 31 GCMSD (HP 5972 series,
USA) & ARGl &gk, S-eehe #4435 918 UV-
spectrophotometer (Shimadzu UV —160A, Japan) & A}-&-311 T}

2. 4 g

o] rlohd|o] EF 9} dF & FE HHSAIAM S-wgho] g
A, o] AL A AXAAAM AASHE 1EA9
Qe FA D G s e Edetd o)
JEFA oz A AYEEY, o] d7E&E GCE 4519

an )
g5 e s g sl o] dase AVE §2

Blo Tz dEaks fues A9 2108 JleEs
stof A8 daes A st t)7]59 o]iAoo] E€
d& F71sIsl

1) $-aee] 39 9 TLC| 9§ &<l

o] zAlohd|o] Ef Q4 -TDI, 2,6—TDI, 44’ -MDI 9 1,6—
HDI) 9} 574 H#(2-CBA 2 24-DCBA)E ©F 1 mole :5
mole ] BlEE =T &l SfellA 60T FFolo] 24—
toluene di—2 —chlorobenzyl urethane 4TC —urethane ) , 2,6 —
toluene di —2 —chlorobenzyl urethane (6TC —urethane) , 4,4' -
methylene — diphenyl di —2 —chlorobenzyl urethane (MC —
urethane ) , 1,6 —hexamethylene —di —2 —chlorobenzyl urethane
(HC —urethane) 9 2,4 —toluene —di —2,4 —dichlorobenzyl
urethane (4TD —urethane) & S FA ). o] oF 2447} 7}
W nyeto] A § ol dsha A 60T 9] =
drto 23] AAsISiT) o] aAlopdlo] EfRS 4wt
Hhg-sto] A E -Eleke] 3 &8 5 B-o] 48] n
SIS w9 FFE 71FoR sl FeISiv 74 ek
Y x2S Fig 13} 2t

el vl 59 S-EeEs TLCE #RIsk] Hsto] o]
AAOHO| E R E opAl| &l 3 A A 24-TDI$}2,6-TDI
+ I mg/mL 723 44" -MDI$} 1,6-HDI+= 10 mgmLE A
Zahil 4359 SRR o E E3AIAA 47
10 mgml& Azstich A% §o2 TLCH AAE 7
of Aewiz o ET EFqlo] 1.0, 111, 1:22,0:1 (v/v)2] H]
&2 49 ER4UE AHg3te] AN F AR AT
#lsto] 747he] A A7) 4= (retardation factor, Rf) & 2215}

o).

=] 01—_;1—_{

& 22 2 048 TDI, MDI 2 HDIS) 7k = ZobE T efs] £2] 225

2) e % Eel
TS FAERE SR FqRle] fsto] F e
wghe f918 A xsto] HPLC/UVDE F-A5lo] 5 319}

U 28 9950 dAS AAlste] $eke] £rE A
215191t} HPLC/UVD 9] 541 %71 & Table 1 3} 2+t
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2—CBAS} -85 iz 270 A%
sl Abe| 484171 2—CBA 10 mg/mL -7} v gF&-0]
A7) 2y 2] §-el ek Smg/mL €98 f2l 328 o =
Foitt di7l& olaAlohdlo] E} XA =HA 2-CBA 2}
gato] nkzE S-eEto] A E AL 7o 2-CBAE= ZZAIA
A AAG & ol SHEE TlgEslste] AdEE2-
CBAS MIBK %= o|€ 4241 2 23s)0] GCPD—ECD
ARSI T8 A wde Ax A $AE SEw
& sl ole AAY 2218 e flstol Rl
HE o] 783 2-CBAI} 4TC —urethane, 6TC —urethane ,
MC —urethane & HC—urethane S 7}7} 70 'C 2 87 T 9|4 20
mmHg 2 0, 1,2,3 A7+ Fet A %3510 d 3} $of 747 MIBK
4 ol EYEY 2 &3 slo] GC/PD-ECD 9 UV-
spectrophotometer & -4} 5o} &4 9] 271-& A4 3130t

b
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o

H

rE ofl ofo
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4) S-geke] 7kl

(1) 2-CBA f=A4] $-&eH72] 753

OMIBK £ o] gt 74

ATC—urethane ol T3l 7188 Ake] 5794 A4 &9
O] T T8 270 4025 T) oA Al 7k
o AL AR HCl 7} HaS040] 11, AFe] %= 747} 1, 3,5
Nojgit}.

A, WS 8wl o] 4TC —urethane §-4& A §-wjef &
A1 0.5 mgmLE A z38}0] 3087 E50)A] 7lEa et S
Z8vE oAt Meke 9 MIBKE ARE-8lo] 2-CBA ¢
FEAYE ] WS, R EFEL 24 BAE A

AAAQ) AFEER 05gS 2 5 1087 B50]
T Ul AFd I mLE F3to] thE nfo|def YErt of

@ dgAdzsE B E AT A EA
S5 dedzsEnr £ 10 mg/mL 0.1 mLef] 0.1 N
HCl €907 mL, 1.0mL 7832 1.3mLE 715 § g Az
£0E W] $3 2mLE Az Aol 3023
5N ARl of 7)ol hu ol E Wrlstol
%3177) ¥ GCFID @ GCMSD & F-4319it}, 1), &

il
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o5l 0 weke] 7lREa S 9 8] 4TC—urethane : 6TC —
urethane, HC —urethane : MC —urethane ~12] 12, 4TC —urethane :
MC—urethane - 82, 5:5, 37 @ 1.9 (w/w) & u] &% M2 &3}
©#gk g9 10 mgmL 0.1 mLe]) o|2A=&1 12 mLs} 0.1
NHCI €9 0.7mLE 37ket & 5U¢ oz 74
% Z33lo] GOFD = 4244451 GCMSD=. 541519
tt.

) 24-DCBA f-54] §-#l&ke] 7hr-3

(OMIBK FZH | o]t -4

2—CBA¢] 8|84 GCPD-ECD¢]| 757} =224 -DCBA
o] A8-& 9lelA] 4TD—urethane 9] 7}8-3l= AHS F5F
A S0 T o 2B AR5 T) R THET T
4 95 T)elA AAslth. 7ol AFEE 4 HClZ}
H2SOs0]9) a1, 4] 5=+ 742} 1,3, 5N o] Q)T

A, v eHE 8] 2] 4TD —urethane 10 mg/mLS 41 8w of]
QoA 0.5 mg/mLE Alzsto] 3081 SEA 7Ral e
%o 2-CBA f&A $-des} 22 34S 71344 GCFID
2 Bl 28 A, 87C B 95T Yt AR
4TD —urethane & 7}-33fo] 5ot Wl & Fall w4349l
v}, 5k 4TD —urethane & H 5+ ofA| &, vgdd 2L o
gadz24&u 9 Feadg&E o GAAA Axe 10
mg/mL €4 0.1mL9} I NHCl €9 19mLE £3}319]c} of
7o) B, o E HEdzgn dqudzsn 9 e
248 E20.1mL 04mL 9 09mL 7} Ar}sle] % 2ml
& BE § kst wdd S S Btk
218 AL, oA E Sulskel 4] 95°C FRste] AlPHE ki
slato] Tk Y S Fl ST

@dgdAzEr 8 E AR5 AHEA

4TD~urethane & WMl 250 oedzdy o Reidg
LR o G214 #2310 mgmL €9 0.1 mLg} 1 NHCI
FN1ImLE EFT FrigaREy qgizen oy
gAagL£HE 09 mL Hr7Fske] 95 C oA Egske] Al
2 7keEsfsilth o7l kEYolE Hlste] F3HA
71 +GCFIDE #4551t

5) 2—CBA 224-DCBA ¢] GC/FID 2 GC/PD—ECD 4]
A T/ FawEo] rgEdlEo] AdH 2-CBAS
BA43517] 98l WA MIBK (W5 3E5E2 :BA 500 mg/L) <]
2-CBAZ £a|A174 25,5, 10,50, 100, 500, 1,000 mg/L-& =]
%511, 24-DCBA 2 &3] 2174 10,50, 100, 500, 1000 mg/L
R ECE I ERREERIES L= S EEERE
OF BT G2 AHgEle] AL Al 12w, B

il

A fueEE 4

=
Hsto] A A 8slel YFHoR FAHUL T

AF2319] T} (NIOSH, 1995).

28] a1, MIBK (W 52554 :BC 500 mg/L) ol 2-CBAE
§314174] 10,100,500 mgL & A #3431, 24 -DCBA & £
A1 025,05, 1, 10, 100 mg/L & A %3}¢] GCPD-ECDZ
A5l YR EFEZ Y v d¥oz nAs e A
ato] A s 2A4darelar, % &7 (limit of detection, LOD)
= GCFID A 9 Wizt 5Adg Wyor 339t
GC/FID ¥ GC/PD-ECD ©] #4271 Table 2 9} 7t

6) 2—CBA 2] GCMSD &4

2—CBA, 4TC —urethane , 6TC —urethane, MC —urethane, HC —
urethane 9 -#| ¥Ho] 7}ital =] o] A H 2-CBA S #45}
7] 918l ¥4 2—CBA EFEA S #4¢ 5 4TC —urethane,
6TC—urethane, MC —urethane, HC —urethane 2! 7} $-#|gk<] 7}
TENES T4 GCMSDE] #4712 Table 2 9} 7%

o,

. 2t
1. LBl B4 % TLCO oIt Btol

olaAlot|o] Ef gl 45 &7 & HHE-A|A 4TC-urethane,
6TC—urethane, MC —urethane, HC—urethane & 4TD —urethane
o] A= om WA TA A7 o]t 4TC —urethane,
6TC—urethane, MC —urethane, HC—urethane & 4TD —urethane
o SAFEL 77 717 %, 79.6 %, 92.5 %, 96.9 % 3 90.6 %
ojglow, g7 BF 245 T o]golgitt.

TLC sl Zt7ke] o] aAJopdlo] B, s s 9 g
o & AP E ANAAAN 2 Do) AR A
&to] Table 37} 22 A3} vgton v 54 $vjQl
o] t] ol x3ra H/EwelA o A2 Rfgko] e
& #elg 4= 9l9lv}. 24-TDI, 26-TDI, 44’ —MDI, 1,6—
HDI= A A5 256 719 A=A ehgron], arsie79)
SElEHT = A7) Eo] 9 KeFo R Vet

o
=
KeN
=
=N
=

ero i g g

WY (O

2. PR B =

4TC —urethane, 6TC —urethane, MC —urethane, HC —urethane
2 4TD—urethane 8] <=5 &2lek A3} 212999 %, 9.9 %,
99.9%,99.5% 2 989 % 9] <= & YERYITE
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70 C 2 20mmHg 2] Z71eA] ]38 o IR 2-
CBA & A= Aeste] GCPD-ECDE #4144 3} 34
& B A2 A 1% 7hgo] Holg)gian 87 € 2
20mmHg 9] Z7iel A Fel 128 o 89 2-CBAL 14]
ol A B8 S AS BT AA Ho fEl a2 =
HolglA ekt Begk 87 C 2 20 mmHg 2] 27 o A 4TC—
urethane, 6TC —urethane, MC —urethane, HC —urethane & 3 A| 7}

=

=

A 55 {F A E 0] 8¢ TDI, MDI 2 HDI®] 7t~ F ZrlE rels] 2] 227

4. 2o Be| T2l

1)2-CBA 4 54] $agio] 71553

1) =l gt 24

& ¥l 4TC—urethane & 4+e] F5 94 A €99 5% 5
o] 271 whet 7hpalste] GCFID = 741 3}o] Table 4 9}
2ol AgA o vepfiglor] GCMSDE #Rlsqit) +
84 FEEE =WEAo] 536 + 48 %, FEkEo] 96.1

+ 34 % Z12] 22 MIBK7} 1015 + 3.8 %= eR)S] o

T AFA s} it

0=5) F=&0] 7} £ MIBKE F= 892 HdAsto] 4

Table 2. Analytical parameters of GC/FID, GC/PD-ECD and GC/MSD for 2-CBA and 2,4-DCBA

Description Condition
Detector FID PD-ECD MSD
Injection volume 1.0uL
Column BP-21 25 m % 0.32 BP-21 25 m % 0.32 DB-WAXetr (30 m X
mm X 0.25 /m), polar mm X 0.25 ym), polar 0.25mm X 0.25 m),
high polarity
Carrier gas N2 He He
Split ratio 1.7: 60 splitless Purge vent : 3.5 mL/min
split vent : 16.3 mL/min
Range(10M) 0 0 -
Gas flow rate 1.7 mL/min 1.7 mL/min 1.47 mL/min
Temperature Oven 70 C for 1 min Oven 70 C for 1 min Oven 60 C for 2 min

20 C/min to 230 C
for 5 min
Injector temp.: 100 C
Detector temp.: 240 C

10 C/min to 230 C
for 5 min(2 -CBA)
Oven 70 C for 1 min
20 C/min to 230 C
for 5 min(2,4 -DCBA)
Injector temp.: 100 C
Detector temp.: 250 C

10 “C/min to 240 C
for 4 min
Injector temp.: 240 C
Detector temp.: 280 C

Table 3. Rf values of isocyanates, alcohols and urethanes according to developing solvents

Developing solvent
(acetone : toluene, v/v)

1:0 1:1 1:2 0:1
2,4-TDI 0 0 0 0
2,6-TDI 0 0 0 0
4,4" -MDI 0 0 0 0
1,6-HDI 0 0 0 0
2-CBA 0.694 0.662 0.644 0.129
2,4-DCBA 0.466 0.333 0.173 0.156
4TC-urethane 0.764 0.681 0.603 0.086
6TC-urethane 0.714 0.667 0.575 0.087
MC-urethane 0.726 0.652 0.653 0.087
HC-urethane 0.694 0.639 0.630 0.086
4TD-urethane 0.554 0.387 0.203 0.077
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4TC —urethane, 6TC —urethane, MC —urethane, HC —urethane
9 29} ¢ e Theisstol GCFID 2 £43to] Table S
2 Table 67} 7o) &4 © & b3l o] GCMSDE <l
aFith

2) 24-DCBA f54] $-#he] 7hi

(1) MIBK FZ&1 o] 2] 54

v gkE 4] 9] 4TD —urethane & A+ G-l 2ol 87 T &
Yool Al 2782 714583 4TD —urethane 2] 7123 &
S Table 72} 70] 432 % ~659 %= Jehf9l o INHCIS
ARg-5Eo] 87 T = 1A 5ok 88 219 78 &o] 7}
& E9kh 18 aL, 95 C FE5ke] AlXPE R 4TD —urethane &
TVrEa e Ayt R 80] 259 % ~49.6 % =87 CH

gk 71t} v Jeh)9l o INHCIS A8l 95 C

AN F T A Tpie ol 7 F90k

:I:’;

4TD—urethane & F-&H2-of &aA7l & §ulE F71=2 37t
sto] S w9l TR A= 537% ~ 0.7 %z
epQlom guE F7kE 09 mL Hrher 497t 7
sket. 2123 oAl el BBAAA BolE F71E Hoetol
S =9 & rleEs e A3 661 % ~ 769 % = e}
Uilom gl & 742 09 mL %7}' A7} 7V F3k
O E Fu|atelA] 09mL o} ES FrtE H7bek 95 C
F3to] 4TD —urethane & AIZPE = 7piall & 4 3= 769
% ~126.1 %=z JERf O 1A17F A2l Ale) 7l E-a &0
959 %% 714 9k},

Aadzg&n ogddzs&y 9 Fe Az o 4TD-
urethane & -§- H*l AR 7} B3slo] MIBKE FZ310] &
A3t A 7}= Table 8 7} 740] 573 % ~ 582 % = LJER] QL)

Q) dadzLEn guE A}%E‘ﬁ 27

Mg dg&n Jqedz s E-< He Az L1 4TD-
urethane & %oH/\] 71 395 C Fgslo] /\] PR gl gt
T SPolEEA YEFOR T & FEIEE AXA
il A4 GCEA S 7l &2 Table 99} 3Fo] 345 % ~
508 %= JERGl o WEdgL&H & AgElal 1A F

Table 4. Recovery rates of 2-CBA by hydrolysis of 4TC-urethane according to hydrolysis solvents by GC/FID (N=5)

Hydrolysis solvent

Rates of hydrolysis(Mean = S.D), %

IN HCl1
3N HCl
SN HCI
IN H2S0s4
3N H2S04
5N H2S04

101.06 £ 4.69 %
99.70 = 3.84 %
100.59 £ 4.17 %
98.14 =342 %
101.26 £ 3.36 %
99.89 = 4.87 %

Table 5. Rates of hydrolysis for urethanes according to 0.1 N HCI addition anount by ethyl cellosolve solvent method (s

Rates of hydrolysistMean * S.D), %

Urethane

HCl add 0.7 mL HCl add 1.0 mL HCl add 1.3 mL
4TC-urethane 1024 £ 1.7 1009 = 4.1 1104 =14
6TC-urethane 109.7 £ 12.8 106.5 £9.2 1113 £ 14
MC-urethane 99.2 = 6.8 999 =59 _
HC-urethane 1072 £9.5 107.8 =5.8 1022 £ 6.9

Table 6. Rates of hydrolysis for composit urethanes according to 0.1 N 1ICI by ethyl cellosolve solvent method (N=5)
Composite urethanes Rates of hydrolysis(Mean = S.D), %
rate 4TC-U. : 6TC-U. HC-U. : MC-U. 4TC-U. : MC-U.
8:2 103.9 = 7.7 -
5:5 103.9 = 4.3 101.4 + 6.4 100.7 = 4.6
3:7 - 99.3 £ 4.5 100.0 = 2.3
1:9 106.7 £ 5.6 96.8 + 1.7 96.9 + 3.1




5. 2—CBA %! 2.4-DCBA2| GC/FID X GC/PD—
ECD 2A

GCFID=Z #4A yHEFE43l
AZFE 6.78-0)9] 11, 2—CBA 2 24-DCBAS] B F-& A]
Z+7} 828 W 9.6%F 0] v}, gk, 4TC—urethane, 6TC—
urethane, MC —urethane & HC —urethane S 7}<5=5-3f| 5}o] &4
ot 47} 2-CBA#} U W5 AR 828 dloA 1=
7} ¥831gic}. 2-CBA 2 24-DCBAE GCFID & #43
AZuEAS Fig. 29 231, 2-CBA 9 24-DCBAE
GCFIDZ F-A5lo] B4 e 72 77} y=7680x —
10888 R2=0.9999) = y=6801.5x — 99813 (R*=0.9995) 0] 3]t}
Z12] 2L NIOSH i o] &3l 43+ 2-CBA 4 24-DCBA2)
HE A= 42 9.69 pg/mL 9327 pg/mLo] Gl T},

GCPD-ECDZ A UF-EFEZAQl A3 wldo v
A& 2-CBA? #A AT 6.0 1, 24—

=

=

Table 7. Rates of hydrolysis for 4TD-urethane according to hydrolysis solvents and treatment time at 87 C

= 4650910 2-CBA 9 24—
247+ 1295 9 9750|911},

2 GC/PD-ECD & £ 8) A2 npE
“128 2 Fig, 37} 731, 2—CBA 2 24-DCBA & GC/PD-ECD
A st A AFA S 47 y=2513.8x -
2262.1 (R*=0.9999) & y=268053x — 51780 R*=0.9999)°]%}
t}. 78] 32 NIOSH ' o 934 T3t 2—CBA 2 24—
DCBA¢] A2 8= 212110 pg/mL 2 0.63 se/mLo| 1T},

v 1

6. 2—CBA2| GC/MSD 241

2—CBA, 4TC —urethane, 6TC —urethane, MC —urethane, HC —
urethane ©] GC/MSD €] scan mode o] 4] 2] ™§-& AJ{F 747}
15.8,16.3, 16.4, 1645 9 16.45-0]glt}. 12 1, 4TC—
urethane, 6TC —urethane, MC —urethane 2! HC —urethane & #-41
ot A7} U] S-#)eke] B}kl 459,459, 535 2 4537} G-AFSH
m/z = 453,457,534 2 4580] vgkor $-geko] 71553 &
o] AJ/d=]= 2-CBA Y] FAo]-ql 1427} #A = 9]c}. 12

(N=5)
Rates of hydrolysis(Mean * S.D), %
Hydrolysis solvent ates of hydrolysis(Mean ) %
0 hr 1 hr 2 hr
IN HCl1 494 + 2.1 65.9 + 15.7 53.8 +10.3
3N HCl 574 +11.1 457 £0.7 495 42
SN HCl1 524 £ 1.5 437 £1.9 432 +50
IN H2SO04 474 £0.7 49.6 = 0.6 543 +35
3N H2SO4 470 £ 1.8 542 *+ 8.6 550 £ 14
SN H2SO04 524 £33 52.8 £2.7 56.1 £ 5.1
Table 8. Rates of hydrolysis for 4TD-urethane according to cellosolves by MIBK extraction method (N=5)

Kind of cellosolve

Rates of hydrolysis(Mean = S.D), %

Cellosolve add(0.9ml)

Methyl cellosolve 573 £28
Ethyl cellosolve 57.5 £ 0.9
Butyl cellosolve 582 +24

Table 9. Rates of hydrolysis for 4TD-urethane according

to cellosolves and treatment time at 95 C by ethyl cellosolve

solvent method (N=5)
) Rates of hydrolysis(Mean = S.D),%
Hydrolysis solvent(1N HCI)
Ohr 1hr 2hr
Methyl cellosolve 50.4 +14.9 50.8 £ 20.2 472 =44
Ethyl cellosolve 345 £2.6 379 £ 1.7 3771 £ 04
Butyl cellosolve 36.7 £ 5.1 446 £ 2.8 4777 £23
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