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The Effects of Temperature and Pressure on the Diffusion of Phenol in Apples

Hyeon Ju Park”, Ki Won Lee, Kyong-Hwan Chung?, Yo Soon Song, and Gon Seo (School of Applied Chemical
Engineering; Chonnam National University 300 Yongbong-dong, Gwangju 500-757, Korea; YResearch Management
Bureau, Rural Development Administration, 250 Seodundong, Kwonsungu, Suwon 441-707, Korea; “Center for
Functional Nano Fine Chemicals, Chonnam National University, Gwangju 500-757, Korea)

ABSTRACT: The accumulation curves of phenol in the flesh of apples were measured at 5C, 25°C and 4
0T when they were exposed to phenol vapor. The effective diffusivities of phenol at the rind and flesh
were determined by comparing its experimentally obtained accumulation curves with simulated ones. The
simulation was carried out by the non-steady state diffusion rate equation. The diffusion model assumed the
consecutive diffusion of phenol at the rind and flesh of apples. The detection time of phenol in the flesh
of apples was shortened with increasing temperature, and its accumulated amount also increased rapidly.
The estimated effective diffusivity of phenol at the rind of apples increased with temperature as like
1.1x10™" m’/s at 57, 1.4x10™° m'/s at 25°C and 2.2x10™° m/s at 40°C, but those at the flesh of apples were
invariant as 1.5x10™"" m’/s at this temperature range. The effect of temperature on the diffusivity of phenol
was small, but the increase of the vapor pressure of phenol with temperature accelerated the penetration of

phenol at the rind, resulting in the rapid accumulation at the flesh of apple.
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Fig. 1. Simulated accumulation curves of phenol in
apples with different effective diffusivities. Accumulation
curves (A) were obtained with different Doy and fixed
De (= 1.0 x 10™ m% s) and those (b) were obtained
with different D, and fixed Doy (= 5.0 x 10™ m% s).
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Fig. 2. Schematic diagram of the apparatus for phenol
diffusion.
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Table 1. Recovery and detection limit of phenol in apples

e LoD 100
(ppm) A B C ed (ppm) (ng)
240 84.7 902 962 904+58 5 900
600 88.8 913 86.0 88.7+27

? limit of detection
® imit of quantification

Table 2. Feature and operation condition of the analysis
of phenol using a gas chromatograph

Instrument DS 6200 Gas chromatograph
Detector Flame ionization detector (FID)
Column HP-5 capillary column

30 m L.x0.32 mm 1.d.x0.25
(film thickness)
Temperature ~ Oven 40C — 200C (10°C /min)
Injection port 220T
Detector block 220°C
Gas flow Carrier (He) 20 ml/min

Air: 320 ml/min
Hydrogen: 30 ml/min

Sample size 1 ul
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Fig. 3. Photographs of apples exposed to phenol vapor at different temperatures.
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Fig. 4. Photographs of inner cross sections of apples exposed to phenol vapor at 40C.
Exposed time : (A) 2 days (B) 3 days (C) 5 days
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Table 3. Deviation of fractional uptakes between
experimental results and simulation ones obtained
using variously assumed effective diffusivities

Tempera- Pressure Da Der Deviation
ture (C) (Torr)  (m?/s) (m?/s) (%)
5 0.05  1.0x10™" 2.8
1.1x10™ 2.0
12x10™  1.5x10™ 2.1
1.3x10™ 2.6
1.4x10™ 35
25 035  1.1x10™" 22
1.2x10™" 1.6
1.3x10™  1.5x10™ 13
1.4x10™ 1.3
1.5x10™ 15
40 119 20x10™" 1.0
2.1x10™ 0.8
22x10"°  1.5x10™ 0.7
2.3x10™ 0.8
24x10™"° 1.0
3 | Fopj = Fam|
*Deviation= —— " x 100
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C : concentration of phenol in apple [kg/ m’]

¢, :initial concentration of phenol at the surface
of apple when t=0 [kg/m”’]

;, + simulated concentration of phenol at i position
of the apple and j time [kg/m’]

¢, :accumulated concentration of phenol in apple

at j time [kg/ m’]
¢, :equilibrium concentration of phenol in apple
kg/m’]
: effective diffusivity of phenol in apple [m®/s]
,  effective diffusivity of phenol in the rind of
apple [m*/s]

D, : effective diffusivity of phenol in the flesh of
apple [m’/s]

Fey; @ fractional uptake of phenol determined by
experiment [-]

Fiimj : fractional uptake of phenol obtained by simula-

tion [-]

i :point counter for the x-direction [-]

j :point counter for the f-direction [-]

k : point counter for measured fractional uptake [-]
m : number of measured fractional uptakes [-]

n : number of grids for the simulation of apple [-]
Q : uptake of phenol in apple [mol]
Q. : equilibrium uptake of phenol in apple [mol]
R, :radius of apple core [m]

& :radius of apple [m]

7 :radial distance of apple [m]

U : dimensionless concentration of phenol defined

as C/Co [-]
t :time [s]
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