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Objectives The objective of this study was to propose the
totd isocyanate andyticd method which involves derivation of
2A-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
dcohol (2-CBA) or 24-dichlorobenzyl dcohol(24-DCBA), and
andyzing of hydrolysate of the synthesized urethene with the
gas chromatography(GC)/flame ionization detector(FID),
GClpulsed discharge ionization detector-electron capture
detector(PD-ECD) and GC/mass selective detector(MSD).

Methods: Urethanes were synthesized by reacting 24-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 gpplication, the mogt suitable condiition that 2-CBA
coated in glass fiber filter removed completdly and urethanes
were not removed was searched. 2-CBA generated from
hydrolysis of urethanes according to hydrolysis conditions.
Diisocyaneteswere collected on fild air and analyzed.
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Results:  Urethanes which were white and solid phase
synthesized by reecting 24-TDI, 2,6-TDI, 44-MDI, 1,6-HDI
and 2-CBA or 24-DCBA. And urethanes were vexified by
TLC, HPLC/UVD and GC/MSD. The mogt 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.
Hydrolysisyieds of urethaneswere 99 % to 111 %. 2-CBA, the
hydrolysate of urethanes was andlyzed by GC/FID, GC/PD-
ECD and GC/IMSD.

Conclusons: Simultaneous andys's of 2,4-TDI, 2,6-TDl,
44-MDI and 1,6-HDI deriving with 2-CBA and 24-DCBA,
along with a total isocyanate analysis, was feasible with
GCIFID, GC/PD-ECD and GC/MSD. This result will be a
guide of further study ontota isocyanate andyss

Key Words : totd isocyanate, TDI, MDI, HDI, urethane, gas
chromatography
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44—t #d tjo]ixlop|o] E(44-MDI) Y 16—
Sabd el tlo] Aalohd|o] E (1,6-HD) S E3H3t 0] 2
o[o| Eff= A AlAIA & Wo] AREE A1 9L, A EE
7] 2 7] 5+ (Organization for Economic Cooperation and
Development, OECD) 2] high production volume(HPV) 3}8H&
AEZof Z25]o] ITHOECD, 2004). 0] AA|oH|o| EF=
A, AxA 5 FhtHolE AL sk Az, 1371,
e, B8, A3, S99 Zekay Fol AR
531 QIt}(Bangein, 1982, NTR, 2002). £-41l t]o]Arlekat
(TDI) & 24-TDIS} 26-TDI 5 =A F719) o) AA17 <A
=), 39802 AFEE = TDI= 24-TDI : 26-TDI<] &
B1]€0] 995% : 05%, 80%: 20% 2 65% : 35 %01 7 =
ol A 95% ©] 42 80% : 20% H]-&-0]tHWHO, 1987). 1814
BE ol S] A A 9 F719ke] Apo] = QlE|A
24-TDIX T} 26-TDI7} O wo] 7]A)8}eb, AAZE ¥4
sto] HA1819l& W 26-TDI7} v @o] AZEH tH(Rando 5,
1984). H Lo Ao A% 26-TDI2] 7|55 7} 24-TDI K.
T} 108l o]/ Wol AZ 5| lrH (24, 2003).

24-TDI°l =5 & A5 35, & 2 S571419] 95,
A A7) A4, 71 BA D, AT QA W HE 52
uHkC}H(IHS, 1988; Sittig, 1985). =7 4] 99171 (Internationdl
Agency for Ressarch on Canoer, IARC) of| 43= el o] tjafjA]
TDI+= Group 2B, 4,4 —MDI+= Group 32.2 A A&} 11
(IARC, 1999 IARC, 1999%b), =5 =582 2 7724 (Nationd
Toxicology Program, NTP) ¢ 4+= TDIE Group BZ #]3}3}
CTHNPT, 2005). Q1% 2-Z-A) 2] Union Carbide 370l 4] 1984
W 1290f Yk o] AAJoRo|E fFEARI R 3 9
AP B st o] % 1-e] g @ Ao] o] AXA AT 7HA]
B2 A7 K3 L Qe v A T A7 2] 8]
(American Conference of Governmental Industrial Hygienist,
ACGIH) oA &= v e o] & Aol o] E (MIC) o o &t
Threshald Limit Vaue—Time Weighted Average(TLV —TWA) &
0.02 pom(0.047 mg/in?) © 2 A1}, 24-TDIL} 26-TDIol|
tf 3+ TLV-TWAZ 0.005 ppm(0.036 mg/m?), MDIef| tjjst
TLV-TWAZ 0005 ppm(0.051 mg/n¥), 18] 3. HDIo| o3t
TLV-TWAE- 0.005 ppm(0.034 mg/im?®) 0.2 Harslal Qlot
(ACGIH, 2005). %3t -gJuehe] wgF-oA % 24-TDI 4
44-MDI°] 3t =&7]5S 0005 ppmo 2 A4k 9k
(mF5, 2002). YA AH M= o] A ot|o] EQ
A A tigt 3l S ket 887 E
o] Aokl E7) €] Frol 7 5ke] 002 mg NCOMT (STEL
0.07 mg NCOn?) .2 A&t THHSE, 1987). 0]712 0] 4A]

& G EAE 0]23 TDL MDI Y HDIS 7}~ ZrubE 133 241 223

opd]o] EQ] fallido] §hg-AJo] & —NCO71ell 17] wiiel
dimer, timer 5 0.2 3 Fejel] iy % fAlsk= Flo]
o}, wEpA] 9O R O] AFE Fo|AloRHo]E Ao T
o] Zggx|ojof & Aolrt,

o] Ao EfFE] A 7)ol WA T]o]Aloh]
o|EQ] #A1Z S8l YA R o] Ao ES 2T $
BFAAA 3R EA R A T Marcdi, 1957). # ol =
ofefsh A AR Al I/ B E o] &5k A
& Wol AHg-8tal 9tk (Mao 5, 2000). ©] 2] gk 41 5 1-
(2—pyridyl) piperazines: 78 3 ]2 EE AHESto] Y
o] zrlohlo|ES £ 3l0] &z 2 rhE 123 (high
performance liquid chromatography, HPLC)/AF) 4 71 27] (ultra
violet detector, UVD) 5l o]y} 3337 = 7] (fluoresoence detector,
FD)H o= FA ek WHo] QItHOSHA, 1989). 181, ¢
AARZ tJo] A0 ES 7510 Q4 FEA R THE0]
A HPLC/#7]3}8k7 =7 (dectrochemica detector, ECD) 2!
HPLC/UVD= #415= W] 912 (NIOSH, 1994), 1 2
o JAAR THste] o] AAJoh|o] EE tryptamine
Alskste] HPLC/FDYolu ECDY . & #-A18k= o] 8l
THNIOSH, 1998). o] &7k o] AloRd|o| E Z}2bE 4
st el dieliA Ao H AR H NIOSHe| A =
9—anthracenylmethyl 1—piperazinecarboxylaes ©]-2-5Fo] 71
A3+ % sodium thiomethoxide} HFS-A|AA A1 E 9—
anthracenylmethyl methyl sulfideE- HPLC/UVD - FD= 415}
T FO|AaAJoHo|E A o tiste] Akl QIAIRH
et FA 3, olg el oFt I, & T TAE %
31 9 TH(=S3 % 1999; Roh, 2000).

B oo A= o] aAjold|o] E F 24-TDI, 2,6-TDI,
44 —MDI 4 16-HDIE 2-2=Z24l4d ¢572(2-CBA)
W 24-tFZ 282 478 (2,4-DCBA) I} A7 A4
H P G2 ThtllE s A sk O EA, F
At 7)#| 2 2 r}E 729 (gas chromatography, GC) /=-2-0] &
3l %7] (flame ionization detector, FID), GG/ ~Hld o235}
A2 7% 7] (pulsed discharge ionization detector—electron
capture detector, PD—ECD) % GC/42F 7% 7] (mass dedtive
detector, MSD) 3714 HPH O 2 BA 5= Fo|AAJo|o]|E
A 9] R 7 A A 8] s Al S At el
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Fig. 1. synthesis of 4TC urethane, 6TC urethane, MC urethane, HC urethane and 4TD urethane.

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 X4.5x5, 120 A, endcapped)
Column Temperature 40C

Mobile Phase MeOH
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o] &3t % t}. 2-CBA ¥ 24-DCBAY * 4 &
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ECD (PD—C2, Vdoo, USA), 1] 3 GC/MSD (HP 5972 series
USA)E ARGsESITE BEot, felete] 45 918 uv-
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(HC—urethane) ¥ 2,4—toluene—di—2,4—dichlorobenzyl
urethane(4TD—urethane) & $HAJ 33T o] % oF 24171 71
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Ao oA T2 Seleks TLCR Eelaly] 9} o
AAJoHO| EfFE ofAlEel &A1 24-TDI 2} 26-TDI
= 1mgmL 78] 3 44 —MDI9} 16-HDI:= 10 mgmLE #]
Z3hi BTEFY SR oPES SAAAN 22
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3) 2—-CBAS} F-d&te] 7tz 24 A4

w2l Abe] &3 A7) 2—CBA 10 mgmL §-9 7} wekL-o]
Sl Z42te] Sl Smgml &5 frefAdfEE o &
a3l t7]% ola|opdlo] EZL 4] =W 2—CBAS}
Hks-3led vk $-geto] A E a1 7o) 2-CBAE %A
A A AT HolglE HlehS: 7halsto] A H = 2—
CBAZ MIBK T ogl 241 2 eabslo] GC/PD—ECD
= Aol 2elal w4 d Ax 2 e e
& s ol A 20E 8] flste] fElA
ZEle] ¥ g 2-CBA} 4TC—urethane, 6TC—urethane,
MC—urethane 2 HC—urethanes 72+ 70 C 2 87 ColA 20
mmHg= 0,1, 2, 3 A3t F<k Axsto] [} Fof| 217 MIBK
1 ol EYE" R 22314 GC/PD-ECD ¥ UV-
spectrophotometer = 4 afo] 2] 9] 2715 A8kttt
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DO MIBK FZH ¢l oot 4]

ATC—urgthanee]] T3 71l AkS] £57-9 AMA
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o] AR AR HOl 2} H2SO40) 1, AFe) 55 7174 1,35
No| STt

7], WEFS L)) 9] 4TC—urethane S-S AL Lujjo] Yo]
A 05mgimL-& A| 28k 30F7E E501A 7Haaf gt
Z8ul= =2l FgkE 9 MIBKE AFE-51o] 2-CBAS]
FEAYE st AL, W EFEHAZA BAE A
3192, A AQl A ER 0598 B2 1057+ £50]
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7o BAEEF 0298 YL, 1087 &5 %o GC/ADE
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F5014] FREalEs, of7lel] Lol Atelel
%3171 % GC/FID 9 GOMSDE BAsth 18] 1, &



5 o-gere) 7hERE S 98 4TC—urethane : 6TC—
urethane, HC—urethane : MC—urethane ~1.2] 17, 4TC—urethane :
MC—urethaneS 82,55, 37 % 1:9(wiw) 2] H]-&= 42 &3t
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7o) Fehe, oMl E, Mg AR LR ogdz L Ul Hea
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A F579] felekse] 7RERelE o A9 2-CBAS
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%3}1, 24-DCBAZ -8 A)714] 10, 50, 100, 500, 1000 mglL
& Axste] GCFDE et U549 94 14
O % BAT & AHg-sto] ARS8k 12 o,

Aot SeetES 72 2AEE 7R3 21S GC/ADE #
Aol Hegalo] A gsto] JgA oz At AEet
7] (limit of detection, LOD) = NIOSHe|A] AJA|$F ¥H] of e}
AFZ319I THNIOSH, 19%).

18] a1, MIBK (532554 - BC500mglL) ol 2-CBAE
£3X 714 10, 100, 50 mg/lL- #] %3}, 24-DCBAZS 43
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BAgto] YREFE4e v W oz B ghd A
sto] AAE 2Mdekel L, AZ e (limit of detection, LOD)
= GC/FIDO A <] Bt Fde o s 3ol
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o] o, FH B 245 T o]dolqltt,

TLC o]l 27| o] rfoh|o] E, a8 4 ek
Ak & AR AN AA 2F Bdo] [l A
Qlste] Table3w} 2 A7} vhgtom, v|=5A4) §ulel =5
dlo] o wo] E3he Asgoll t] 22 Rfgho] Ye=
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HDI= A A 5F-$ =56 A9 A=A Fokor, 438579}
R A7) of € oo R vhEhd,
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4TC—urethane, 6TC—urethane, MC—urethane, HC—urethane
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7 EQk AZAZ) 9o 1% 7o) Holololy, 87 C Y
20mmHg?] Z31ellA Al f-dE ol T8 ¥ 2-CBAS 14]
kol AH2et s A9 BF AAE a2 s
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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 1.0uL 1.0uL

Column BP-21(25m X 0.32 BP-21(25m X 0.32 DB-WAXetr (30 m x

mm X 0.25 ym), polar mm X 0.25 ym), polar 0.25mm X 0.25 ym),

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(10Y) 0 0 -

Gasflow rate 1.7 mL/min 1.7 mL/min 1.47 mL/min

Temperature Oven 70C for 1 min Oven 70 C for 1 min Oven 60 C for 2min

20 C/minto 230 C
for 5min

Injector temp.: 100 C
Detector temp.: 240 C

10 C/minto 230 C
for 5min(2—CBA)
Oven 70 C for 1 min
20 C/minto230 C
for 5min(2,4—DCBA)
Injector temp.: 100 C
Detector temp.: 250 C

10 C/minto 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 2 0:1
2,4-TDI 0 0 0 0
2,6-TDI 0 0 0 0
44 -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
2 el 7Helstol GO/ADE wAfske] Tale5
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2 Tale 73} 7o) 432% ~ 659 %= YERN S0 IN HCS:
ARESEe] 87 TR WAZE 59 T8t A9 7kall&0] 7F
A Z90th 12]a1, 96 C TE8le] Al7PE 2 4TD—urethanes
7l st Al 7hrdelEo] 259% ~ 496 %= 87 CE
3 ARk v JeRf2l o AN HCIS AFEato] 95 C

E AR w8 TEs A9 sl go] b £k
Hekgol| §ajA7 & GuiE Sk o)
ato] EallIEE Q1 - 7Hial gt A 2= 537 % ~ 60.7 %=
veplglom glE 7k 09mL d7kst A7 7Hd
oxth 2E]ar ofAlEe] 3lAAA BulE SR H7kste]
$H =5 = F 7R e Ak 66.1% ~ 769% LIE}
uisled §ulE 7k 09mL A7kt -7t 7H £kt
obHIE Gulatel Al 09mL ofHE-S F7HE s $ 95 C
= 88te] ATD-urethanes AP R 7128l g A= 769
% ~ 1261 %= LERSL O 1A7E A2l 9] 7hEal &l
%B9%= 71 E9k},
gz &y odAzEd 9 FEAZ LYo 4TD-
urethanes 34171 & 7l513ll5te] MIBKZ F&3he] #
A5} A k= Table83} 740) 57.3% ~ 582 %= LElgiTh.

N

(2 ol2AzEH SIS AR 2514

HEdzEn, oddzsgs g fddzEn 47D
urethane 8314171 5~ 96 C THso] AIRME R 7k 3l e
Falol=SA YEFOR TR - Y AAA

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 HCI 101.06 = 4.69 %
3N HCI 90,70 = 3.84 %
5N HCI 100.59 = 4.17 %
IN H2S0:4 98.14 = 3.42%
3N H2S0s4 101.26 = 3.36 %
5N H2S0s4 90.89 + 4.87%
Table 5. Rates of hydrolysis for urethanes according to 0.1 N HCI addition amount by ethyl cellosolve solvent
method (N=5)
Rates of hydrolysistMean = S.D), %
Urethane
HCI add 0.7 mL HCl add 1.0 mL HCl add 1.3 mL
ATC-urethane 1024 £ 1.7 1009 = 4.1 1104 = 14
6TC-urethane 109.7 £ 12.8 106.5 £ 9.2 1113+ 14
M C-urethane 99.2 = 6.8 999 £ 59 -
HC-urethane 107.2 = 95 107.8 £ 5.8 102.2 £ 6.9
Table 6. Rates of hydrolysis for composit urethanes according to 0.1 N HCI by ethyl cellosolve solvent method
(N=5)
Composite urethanes Rates of hydrolysis(Mean = S.D), %
raie ATC-U.: 6TC-U. HC-U. : MC-U. ATC-U. : MC-U.
8:2 1039 £ 7.7 -
5:5 1039 * 4.3 1014 = 6.4 100.7 + 4.6
3.7 : 993 + 45 1000 + 2.3
1:9 106.7 + 5.6 96.8 = 1.7 96.9 + 3.1




]
=

2-2weNd g

= =

24—t

%L A3 GCRA g 7Hr ol & Teble 99}
508 %z Wehfglom HEgaRER S ARg-atal 143
AT G50 TR alEo] 7 E s

5. 2—CBA Y 2,4-DCBA<2| GC/FID ¥ GC/PD—

ECD &4

GC/ADZE A YR EEEHe WA 45789 Hi5
A7FL- 6750191 11, 2-CBA 2 24-DCBA 9] M2 AJ7he
747} 8.2% 4l 9.6%-0]3ith. B3 4TC—urethane, 6TC—
urethane, MC—urethane %! HC—urethane- 713l &Fof 341
st A3} 2-CBAZ} s gt W75 A7k 827 tfellA] 314
7} ¥-AyEkeith 2—CBA 4 24-DCBAZ GC/FIDE #4138k
ARnE 7S Fg. 29 231, 2-CBA 4 24-DCBAZ
GC/FIDZE #43to] 28t A=ka 2 217 y=7680x —
10833(R:=0.9999) 2! y=68015x — 99813(Re=0.9995) ©| 1T},
1837 NIOSH W of] 2JaljA] -5k 2—CBA 4l 24-DCBA 2]
AZ8HA)= 72} 969 gl | 32.7 g/mLo] 9t

=
_éo

|43+ TDI, MDI % HDIS] 7k~ A2 wkE 1efjg] 24 229

5999 v

FEA

e
T

=
=)
= 6.0%

GC/PD-ECDZ #-4A] YF-E=54¢
A

E A 7He 2—-CBA Q] 541 %7104 ol 24—
DCBA2] Az A = 465 tH% 0, 2-CBA 4 24—

DCBA2] W75 A7 77} 1294 9l 97320 3l
2—CBA 4 24-DCBAZ GC/PD—-ECDE #4135l g 2ntE
198 Fg 37} 711, 2-CBA 2 24-DCBAE GC/PD—-ECD
At A HAEFA e 7b7) y=2513.8x -
2262.1(R-=09999) 2! y=268053x — 51780(Re=0.9999) ©] %}
o}, 78] 3 NIOSH Wl oJallA] -3 2—-CBA 4 24—
DCBA 2] A% 3H1+= 217} 11.0 g/ml 2 0.63 gmLo] 9t

S I |

6. 2—CBA2| GC/MSD &4

2—CBA, 4TC—urethane, 6TC—urethane, MC—urethane, HC—
urethane®] GC/MSD ] soan modeo| 41 &) w5 A|7he 7}z
15.8, 16.3, 16.4, 16.4% 2 16.4%-0]¢lt}h. 121, 4TC-
urethane, 6TC—urethane, MC—urethane 2 HC—urethane S +-41
3t Ay} o] $-ellke] b}l 459, 459, 535 1! 4537} f-AlSH

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

(N=5)
' + 0
Hydrolysis solvent Rates of hydrolysissMean = S.D), %
Ohr 1lhr 2hr
IN HCl 49421 659 = 15.7 53.8 £ 10.3
3N HCl 574 = 111 457 = 0.7 495+ 42
5N HCl 524 £ 15 437 £ 19 432 £ 50
IN H2S04 474 £ 0.7 496+ 0.6 543 + 35
3N H2S04 470=* 18 542 + 8.6 550+ 14
5N H2S04 524 £33 528 = 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
Cellosolve add(0.9ml)

Rates of hydrolysistMean = S.D), %

Methyl cellosolve
Ethyl cellosolve
Butyl cellosolve

573 £ 28
575109
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 hydrolysisiMean = S.D),%
Hydrolysis solvent(IN HEH esof hydrolysis(Mean =+ SD).%
Ohr lhr 2hr
Methyl cellosolve 50.4 + 14.9 50.8 + 202 472+ 44
Butyl cellosolve 36.7 + 5.1 46+ 28 477+ 23
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