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A Case of Workers' Exposure Reductions for Chemicals in a Polyurethane
Pad Process through the Substitution of Raw Materials

Jae-Kil Jang - Hyunhee Park

Occupational Safety and Health Research Institutes, Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: The aim of this case study is to verify the chemical exposure reductions for various chemicals by substituting the ingredients
of raw materials in a polyurethane(PU) foaming industry. The PU foaming process was making various passenger car seats from
chemicals such as toluene diisocinate(TDI), methylene bisphenyl isocyanate(MDI) and polyols.

Methods: Basic process data and workers' health effects could be gathered by interviewing managers and reviewing previous exposure
monitoring data. Amine, aldehyde and isocyanate chemicals were analyzed following the NIOSH-NMAM. Area sampling methods
rather than personal sampling were introduced for this field investigation.

Results: Two amines, triethylene diamine(TEDA) and N,N,N',N'-Tetramethyl-1,6- hexanediamine(TMHDA) were identified in raw
polyol, cured PU foam and air. The average concentrations of TEDA and TMHDA showd less than 1 ppm by area sampling; however,
that caused halovision among workers in PU-PAD process. Aldehydes and isocyanates were detected in the air while the concentrations
were relatively low compare to occupational exposure limits. Successful raw material substitution from nonreactive amine to reactive
amine could reduces air-borne amine and aldehyde levels by about 70%. Halovision had been disappeared successfully in the process.
Conclusions: Several amines caused halovision among workers in PU-PAD process, especially during summer season in spite of relatively
low levels. Combination of reactive amines into urethane foam could reduced vapor generation into air, which resulted in the elimination
of eye troubles in the process.

Key words :amines, halovision, methylene bisphenyl isocyanate(MDI), N,N,N',N'- Tetramethyl-1,6-hexanediamine(TMHDA),
polyurethane(PU), raw material substitution, triethylene diamine(TEDA), toluene diisocinate(TDI)
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Metal Mold Cleaning = Spraying Mold Releaser = Inserting Wire/Frame
e Injection of Raw Mat. = Reaction/Curing(80C) = Pull-out of PU-PAD
= Burr Removal/Rework = Metal Rack Loading. = Final Assembly

Figure 1. Flow diagram of the car-seat PU-PAD production line in the plant
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Figure 2. Sampling points for irritation chemicals in the PU-PAD process
Table 2. Explanation of sampling points for irritation chemicals in the PU-PAD process
Sample No. Location Floor Level Sample types Remarks
@ Metal Mold Cleaning Ist Area 2 day samples
@ Spraying Mold Releaser Ist Area 2 day samples
® Inserting Wire/Frame Ist Area 2 day samples
@ Injection of Raw Materials Ist Area 2 day samples
®, Reaction/Curing(80 ) Ist Area 2 day samples
@, ®, © Pull-out of PU-PAD Ist Area 2 day samples
O, @, ® Burr Removal/Rework Mezzanine Area 2 day samples
®, @ PU-PAD Reserving Area Mezzanine Area 2 day samples
® Rack Loading/Final Assembly Ist Area 1 day sample
Table 3. Concentrations of irritation chemicals in the PU-PAD process
Chemicals N Min. Max. GM GSD AM SD
TEA 29 ND ND ND - ND -
’?}‘;}‘9‘1‘1‘1‘;5 TEDA 29 ND 0.256 0.016 8.17 0.060 0.069
TMHDA 29 ND 0.292 0.033 5.82 0.070 0.070
FA 29 0.014 0.037 0.024 1.29 0.024 0.0061
Ai(;f)}g;le AA 29 0.005 0.026 0.010 1.57 0.011 0.0053
PA 29 ND 0.008 0.0005 6.47 0.0016 0.0020
2,4-TDI 29 0.001 0.233 0.078 3.52 0.081 0.079
(g))bl) 2,6-TDI 29 0.004 0.446 0.034 6.36 0.128 0.109
Subtotal - 0.005 0.652 0.123 3.90 0.209 0.172
MDI(ppb) 29 ND ND ND - ND -

# LOD(ug/sample): TEA = 0.0042, TEDA = 0.0067, TMHDA = 0.0039, FA = 0.0025, AA = 0.0350, PA = 0.0609

e WA Ao whE Adid wAbe vl et AolMe de 4" AHE ARl AlA
Ao 2 YEbgT ston A2 W w0l At 2AAA 371 Foll
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Table 4. Changing of amine catalyst in raw material(polyol)
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Product name Components Content(%) Product name Components Content(%)
CATALYST 107 Nonreactive amine 0.12 CATALYST A-1 Nonreactive amine 0.08
+ Formic acid
DATALYST A-33 Nonreactive amine 0.33 DATALYST A-33 Nonreactive amine 0.12
TOYOCAT-M50 Nonreactive amine 0.20 TOYOCAT-RX-24 Reactive amine 0.32
| Before the substitution | | After the substitution |
i 'l' Amine
g > Amine g > Catalysts
0=C=N C—C—00 + 0=C=N. C—C—0H 4 +
” @—| Catalysts “ @ | Reactive
H L Catalyst
Isocynate Polyol Isocynate Polyol
Amines

i T 1 Amines I T i Eaporated
L OO | eewormen | O ko Laptoreen
i K Q0% of Cataysts) B v |Reactive Cat.

Polyurethane Polyurethane Combined

Figure 3. Substitution effect of amine catalyst from non-reactive to reactive
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Table 5. Concentration changes for the before and after the raw material substitution

Chemical Amines(ppm) Aldehydes(ppm) Isocyanates(ppb)
emica
TEA TEDA TMHDA FA AA PA 2,4TDI 2,6TDI MDI
ACGIH-TLV 1 None None C0.3 C25 20 5 5 5
Before ND 0.060 0.070 0.024 0.011 0.0016 0.081 0.128 ND
After ND 0.026 0.014 0.010 0.002 0.0031 0.098 0.125 ND
Reduction(%) NA 57.9 79.7 60.5 84.1 -93.6 -21.0 2.4 NA
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Figure 4. Outcome of raw material substitution for irritant chemicals in the PU-PAD process
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