International Journal of Engineering and Technology, Vol. 4, No. 1, 2007, pp. 31-35

31

VISUALIZATION ON REMOVAL MECHANISMS OF FOOD DEPOSIT ON THE
MODIFIED SURFACES
Norashikin Ab. Aziz 1,2, Qi Zhao 3 & Peter Jonathan Fryer 2
Dept. of Process & Food Engineering, Faculty of Engineering, Universiti Putra Malaysia, Selangor, Malaysia.
2
Centre for Formulation Engineering, School of Chemical Engineering, University of Birmingham, Edgbaston,
B15 2TT, UK.
3
Dept. of Mechanical Engineering, University of Dundee, Nethergate, Dundee, DD1 4HN, UK.
*E-mail: shekeen@eng.upm.edu.my
1

ABSTRACT
Fouling impacts industrial production, in term of economics, product quality and plant efficiency. Fouling
problem in the food industry is more severe than in other industries. Cleaning-in-place, the most popular
technique used in food industry, is studied here. Cleaning processes involve three layers; the surface of the
processing equipment, fouling deposit and the fluid process. The surface of the processing equipment is
believed as one of the factors that generates fouling formation and recent years more research has used
modified surface as an anti-fouling technique. This study observes removal from Ni-P and Ni-P-PTFE surfaces
which have different surface free energies (20.11mN/m – 37.47mN/m). All surfaces were deposited with tomato
fouling deposit and were cleaned with water alone at different flow rates and temperatures. A bench scale
cleaning rig built in University of Birmingham enable heat transfer coefficient, fouling resistance, area value
and sequence of deposit removal to be recorded, is used in this work. This rig represents a model of cleaning
process in the industry. Results show that different surface energies can influence removal mechanisms of
tomato deposit.
Keywords: cleaning-in-place, Ni-P, Ni-PTFE, food fouling deposit.

INTRODUCTION
Fouling is defined as an accumulation of unwanted deposit on the surface of processing equipment. Fouling has
been recognized as a nearly worldwide problem in design and operation since it affects the operation of
equipment. In food industry fouling formation is severe due to the heat sensitivity of food substance that
promotes the formation of fouling on the heat surface. Furthermore the application of thermal processing is
vitally important in maintaining the hygienic condition and reducing the concentration of harmful species
(bacteria etc.) in processing area. Thus fouling formation is almost impossible to avoid in food industry.
Accumulation of fouling can provide good nutrient for bacteria to growth. As a result daily cleaning is often
needed in food plants for maintaining the quality of food production in term of being safe to eat, good nutrition
and good looking [1].
Cleaning-in-place (CIP) is the most sensible technique to mitigate food-fouling problem. However regular CIP
can be uneconomical in terms of downtime and materials [2]. Many works have been carried out to improve the
CIP process, but it is not known in practice whether these are optimal.
Understanding of fouling and cleaning mechanisms to mitigate fouling problem is important. Epstein [3]
illustrates that fouling process involves fluid-fluid, deposit-fluid, deposit-deposit and deposit-wall interaction.
Deposit-wall interaction often concerns most researchers. For hygienic reason, in the food industry stainless
steel is used to fabricate almost all the process equipment [4]. However, some work has found that stainless
steel surface encourage more substances to attach on it [5, 6, 7]. Due to stainless steel surface is hydrophilic and
has high free surface energy, γ. Thus more work recently is investigating the influence of low γ on fouling
formation. Baier [8], McGuire & Swartzel [9], Britten et al. [6], Muller-Steinhagen et al., [10] and Zhao & Liu
[11] found that the attachment of fouling deposit and the strength of adhesion are reduced when using surface
with low γ. Study of the effect of γ on cleaning of fouled surface is less developed. Owing to the low γ can
reduce the adhesion force, thus the result from it may provide the optimal CIP process.
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In this paper, the Ni-P and Ni-P-PTFE surfaces are employed to the CIP study. To investigate the effect of
various γ (20.11mN/m-37.47mN/m) on removal mechanisms of tomato deposit. Tomato deposit is used because
it can be cleaned by water alone, hence, excluding the chemical effect from the coated surfaces.

MATERIALS AND METHODS
All the coated surfaces are supplied by Department of Mechanical Engineering, University of Dundee,
Nethergate. The surface energy of stainless steel disks (i.e. fouling disk) is modified by Ni-P-PTFE composite
coatings. The composition and the plating conditions for the electroless Ni-P-PTFE solutions used are listed in
Table 1 and details can obtain from Zhao et al. [12].
Table 1. The composition and plating conditions for the electroless Ni-P-PTFE solutions.

Composition
NiSO4·6H2O
H3C6H5O7·2H2O
NaH2PO2·H2O
NaCH3COO
(NH2)2CS
PTFE (60 wt%)
C20H20F23N2O4I (FC-4)
pH
Temperature

25 g/l
18 g/l
30 g/l
18 g/l
1 ppm
0-10 ml/l
0-1.0 g/l
4.8-5.0
88-93 °C

The commercial tomato puree contains (wt%): 4.5 protein, 12.9 carbohydrate, 12.6 sugar, 0.2 fat, 2.8 fibre and
67 water. 0.84 g mass of tomato puree was used for covering evenly on the whole top of fouling disk and for
getting a model fouling of carbohydrate based fouling. In order to produce tomato deposit, tomato puree was
simply baked in the oven at temperature 100˚C for one hour.
Cleaning is performed using the bench scale rig of Christian [13], which can record temperature, heat flux and
image continuously. The rig consists of three main parts which are a heating tank, rectangular flow channel
with test section and data logger system. The test section holds the fouled stainless steel disk and a copper disk
(microfoil heat flux sensors (MHFS) and two disk thermocouples were permanently attached to it). Readings
from thermocouples and MHFS are collected by a signal conditional unit (SC-2345) and information is recorded
by Labview software on a standard P.C. Within the rig, fluid flows across a disk fouled with deposit: the
surface of the deposit was filmed during cleaning and heat flux changes are recorded. Images from digital
camera are analysed by Leica QWin software (Leica Microsystems Imaging Solutions Ltd, Cambridge).
Cleaning time is determined from heat transfer coefficient (HTC) and area curve [13, 14]. Removal of tomato
deposit from stainless steel surface is done using water alone but at different flow rates (0.7 and 2.3 l/min) and
temperatures (30 and 70°C). Cleaning experiments are carried out as reported by Ab. Aziz et. al. [14].

RESULTS AND DISCUSSIONS
During cleaning process, the heat transfer coefficient increases as the area covered decreases. An example,
Figure 1 shows the changing of heat transfer coefficient (HTC) and the area covered through the removal of
tomato. Discrete changes within the HTC curve are normally seen for cleaning of tomato deposit. However this
generally not occurred for cleaning of protein deposit [13,15]. The side pictures show the individual pictures
from the camera system used to determine the area covered. The tomato deposit hydrated, softened and then
several large pieces of deposit are removed gradually.
Three types of removal mechanisms are discovered for tomato deposit: (1) step, (2) continuous and (3) one step;
which are similar to Christian [13]. Step removal means that removal of several part of deposit step by step at
certain delay time (Figure 1).
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Figure 1: Cleaning profiles of step removal and some images taken during cleaning at 30°C, 2.3 l/min and on 35.08 mN/m
surface (stainless steel).

When the removal of small pieces of deposit happened continuously and the decreasing of area covered not so
obvious after each removal, this is defined as continuous removal (Figure 2).
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Figure 2: Results from cleaning at 70°C, 2.3 l/min and on 29.31 mN/m surface, show an example of continuous removal.

Whereas when the entire deposit is removed in one piece, this is called one step removal (Figure 3). One step
removal frequently occurred at 20.11 mN/m surface (the lowest γ applied in this study) and step removal was
generally seen at low temperature and flow rate. However combinations of high flow rate-low temperature and
high flow rate-high temperature show more continuous removal thus reduce the cleaning time as removal
occurred rapidly. From image recorded, low γ (20.11 and 21.50 mN/m) and γ of 29.31 mN/m encourage more
step removal with removal of a few chunks of deposit, hence they consume less time to clean than normal step
removal.
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Figure 3:

Result of one step removal mechanism observed during cleaning of 20.11 mN/m surface at
30°C and 0.7 l/min.

Figure 4 illustrates γ effect on cleaning duration. Shorter cleaning duration at high flow rate might cause by
continuous removal. In which small pieces of deposit were removed continuously and with short interval time.
At 30°C there are few cases where cleaning duration is longer at high flow rate than at low flow rate. This could
be influenced by the γ as the mechanics effect is less; high γ provides strong adhesive bonds [14]. At 70°C
cleaning duration is longer at low flow rate and step removal could be the reason for this. At 20.11, 21.50 and
29.31 mN/m short cleaning duration at both flow rates can be caused by γ effect and one step removal
(sometimes occurred at 0.7 l/min).
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Figure 4: Effect of flow rate on cleaning duration of tomato deposit with water temperature, (a) at 70°C and (b)
at 30°C.

CONCLUSIONS
Results show that γ can influence removal mechanisms but not significantly as flow rate effect. Low γ might
encourage more one step removal to occur which assist cleaning. To enhance cleaning on high γ, application of
high flow rate is needed. Ab Aziz et al. [14] discussed the effect of γ on cleaning in detail and found the effect
of γ on removal of tomato deposit is not as clear-cut as would be expected from other studies, suggesting that
surface effects are not always controlling in removal under these conditions. Here cleaning duration can be
shorter with one step and continuous removal. Thus manipulation of bulk fluid parameters and γ can be applied
to obtain the best cleaning mechanisms which assist removal.
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NOMENCLATURE
HTC
γ

heat transfer coefficient
free surface energy

(kW.m-2.K-1)
(mN/m)
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