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Abstract

The diffusion and partition coefficients of polyurethane foam (PUF) are estimated using a microbalance experiment
and small chamber test. The microbalance is used to measure sorption/desorption kinetics and equilibrium data.
When the diffusion condition is controlled in the chamber of the sample, interactions between volatile organic com-
pounds (VOCs) and PUF can lead to the estimation of arelatively homogenous rate of mass transfer in the interiors
and surfaces of PUF. The estimates of the material/air partition coefficient (K) and the material-phase diffusion coef-
ficient (D) are shown to be independent of the concentrations of VOCs. This approach, if applied to a diffusion-con-
trolled or physically-based model, can facilitate more precise prediction of their source/sink behavior. Although fur-
ther research and more rigorous validation is needed, an emission model applied with the diffusion and partition
coefficients from this research holds promise for the improvement of reliability in predicting the behavior of VOCs
emitted from porous building materials by D and K.
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A2, 7=, 7H (carpet) Fol AH8-E= PUF
(polyurethane form)<] gt 9l Rl Al4=5 AgdA o
2 FAstA} sl

2. ALY

2.1 PUF (Polyurethane Foam)

wl=oll Al Y2 660 R o] F, ZdAE
A2 AAL 4 UE A= ARE A Yoz
o] o] &xA]ohito] E (diisocyanate) 2f ]2 (diol) & AHE-
ste] Fe]-5-2 =k (polyurethane, PU)& A 3ksich
(wikipedia, 2009). PUF= Exjdlo] $-Hetdds 7}
A3 e TEASFERA Z2]&T o] A ohte]
EZ FARE 754 ATHIE HAIA deXe

sk 7)1 3873 813 R] A 26U A 15

Table 1. How polyurethanes are used US data from 2004
(PURRC, 2007).

o Amount of Percentage
Application pquurethane used  total
(millions of pounds) o

Building & Construction 1,459 26.8%
Transportation 1,298 23.8%
Furniture & Bedding 1,127 20.7%
Appliances 278 5.1%
Packaging 251 4.6%
Textiles, Fibers & Apparel 181 3.3%
Machinery & Foundry 178 3.3%
Electronics 75 1.4%
Footwear 39 0.7%
Other uses 558 10.2%
Total 5,444 100.0%

tE Y Belnk BAY AFTE 4, 42
g AA3) 2 sl A=, E(form)e] =7)9} e
o we} ARgHolrt AT PUFE A (1) ¥4 2
FapgolA] 5 =F417], obvbo =] F3h wkgAA o
okst EA3l A= TgH oz df YAaksr 4 9o}
A (DellA R 737l (lkanes) ®E3hpazo] ot

H O
Il
R'~N=C=0+R*-0O-H—>R'-N-C-0-R? (1)

12 n|Fell4] 2004 AHg-¥ PUFS) o3} L&
222 gofal Ao} 2007 AAH o= 1,200 &
o] PUF7} A48 Aoz FAE T glon, ALgake
wid 5% o] Fhslar gl Zlow RwE s 9ld
(PURRC, 2007). & S Zo)9-ete] AHEEAS

ME A AR HFZ
Fage 37k 913
= PUFRZ A|FollA
T3t /‘a‘fﬂ °ﬂ /‘F&S} o} PUF= Agalu 3418
22 3 7b Sl ARSE, AMS X ot
chekst ez shgEeh Al HdeiEE TS
PUFE Fi3te] A A|2kgl 43 AXE o] 83}
A715 AEF AFsted Aged AHsTh Alss
A7 1.16cm, Zo] 3.58cm =7 & A Z}sle] H=Z2
(Teflon) =2 v Lol AR 19 2= PUF
FAE vkl Aeld,
Algdfel ol FAd f713ketES 4143] A
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Fig. 1. Characteristics of polyurethane materials (Wikipedia, 2009).
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Fig. 2. Photography of test sample and the dimension of
cylinder type sample.

A7) gla) Wi-E L E (teflon) TR 23 A
= GC(agilent, 6890) & Eoll A=]3}x 114=% (99.999
%) 2~ (Nitrogen, No)Z 4438 -2k (300 cc/min)2.
= s 59 5t Ame) FAWLE SHHG.
Cox et al.(2001)¢] 73-¢- A=k (vinyl flooring) A &2

AAE A g, st H715 7IHEE A$- 19~
23% 71EFo] AR EAIAH AAHA ¢ VOCs
o] A&AQl WER s EEA|z o] HofA| &= A
Ho| At v} glo). 0|83t EAIHE JNAIE] $lsk
o] Park et al. (2008b)2 43 AW Z o]43 Alg4
VOCs A 7] uh& AHSgE B} 9loh & Aol
Park et al. (2008b) 3} 7+-& iy o 2 PUFe] E& 3}s)
= W3t gl FHA AARDE wEAE S 2
A5t 30°CHE] 2°CR =2 70°C7lx] L&7}
w AlaFrel Besishy BAS 1A HHez =
Abgk A3 PUFS] 4 gle] VOCsE AAE 4 9l
+ &%E 60+0.2°Co|geh A Al5e] 79 69 F
I F A g 27] AlEFA 0.1% 9|Eke] 7
25 Yeplie 7oz Bnyg vl glovt(Paketal,
2008b), PUF: 6A17F o] dAdt Ao 333
o} PUFS] A& #Hx 97.51mgell A 7FAste] 97.34
mgel] =38k

2.3 o|ZX & (microbalance) % VOCs L

0.1~05ug7kA] A 4 9 72 (micro-
balance, ModelD200-02, Cahn)-& AF&-3le) o, 32
3} etz o] 772 PC-DAQ(Data Acquisition sys-
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£ 54y (Teflon tubing) & AHg-3tg ond, Al #v
ol wAR f2l & AR (diffusen) & A
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ol ol$: WA oIk AT Ak FAE FAY
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Fig. 3. The diagram of the microbalance system and tare chamber.
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Table 2. Parameters for testing material specimens for
emissions of VOCs.

Parameters Unit Vaue
Temperature °C 23+1
Relative humidity %RH 50+5
Sample volume me 3.78x10°®
Flow rate Ipm 0.2965

Fg Ag3tgl

o] Tkt & AFoME U5
ooz Fick A& %83 a2

W ke v Crank A& 4838 745 A (4)9)
7ol 3% 4> lvk(Crank, 1995).

_H
pas
K

M = 5
- : exp(_Deant) (4)
=1 aza%
o] 7|14, D= A 829] f& FAkA| 4 (effective diffusion

coefficient), M= A|7F td o] Alge] F2E o] o}
NE LA f71EREES] oF2 vEhE, ME S
g AIZE A Al 3] FAEe] =3he IPUA
718k ke vehivh =8, o J(aom=02]
o] Z(positive roots) gk, ax YEA RS WA, Jox
0=} Bessel function& vfepfic),

3. Zdx 3 1H
3.1 3Ly RolsteEe &5 A 2F
Aol A8 Fehe o) 74 B4 % PUFS) it
o] #rem x3g7|gke] vtof A FzlellM i
¥ TVOCseh Akt As 548 7Hd ez
=)= =7k (dodecane) 9] 2 3! &t S
3 4ol =As 34 f18EE
YR E7Ees F =67 wE 40t 10.2pg/
mingdw, 23] why -k Aglos 33k A
7h g Aas vl Zelgh 2 3N E &5
A12F & 5.1~6.3 hourel] =23}3] 1,
DA 48~6.4 hourel] =it F2 2
T AL BT glon, A7
2E 718 d72AdE B3 2ol g oF
°

o Age
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—e—exp 1
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2 4 6 8 10 12
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Fig. 4. Mass gain/loss of a sample during sorption/desorp-
tion process by dodecanes.

Table 3. Diffusion vial emission rates.

Chemica Emission rate (Lg/min)
n-Butanol 194.149
Decane 43.012
Undecane 21.590
Dodecane 10.192
Tetradecane 8.335

Table 4. Some relevant properties of organic test chemicals.
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) Molecular weight Boiling point Vapor pressure(mm H
Chemical CAS# o) g (c%')o aporp azooé 9
n-Butanol 71-36-3 74.1 118 4.4
Decane 124-18-5 142.3 173~174 2.7
Undecane 1120-21-4 156.3 196 1(33°C)
Dodecane 112-40-3 170.3 216 0.3
Tetradecane 629-59-4 198.4 252 1(76°C)
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Table 5. Equilibrium partition and diffusion coefficients
(Polyurethane Foam).

Compound K (Mg/m?®)oyi/ (Mg/m3) 5, De(m%hr)
n-Butanol 107.3 3.03x10°%
Decane 713 2.27x107%
Undecane 486.1 1.14x10°%
Dodecane 1378.2 7.71x10°%
Tetradecane 5395.1 5.42x10°%
€
B
N
3
£
o
4

5 6

Time (hours)

Fig. 5. Fitting transient sorption/desorption data for deter-
mination of D by dodecane.
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Fig. 6. Correlation of D vs. Molecular weight for test chem-
icals.
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