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Improving rheological characteristics of hydrophilic
ointment base by treatment with a high-pressure

wet-type jet mill
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Background: A high-pressure wet-type jet mill is a powerful equipment used for the dispersion and
emulsification of substances. In this study, we investigated its usefulness in the preparation of skin cream
formulations. Method: We prepared a hydrophilic ointment base as a typical skin cream base, and then
treated it with the wet-type jet mill under different conditions. Controllable factors of the wet-type jet mill
included processing pressure, treatment cycle, and temperature of the treatment. Result: Treatment with
the wet-type jet mill had a great impact on the rheological characteristics of the hydrophilic ointment
base. The hysteresis areas and yield values of the treated ointments were significantly increased by
increasing the processing pressure and temperature during the treatment. From scanning electron micro-
scopic observations, the oil droplet size of the hydrophilic ointments decreased after treatment with the
wet-type jet mill, suggesting that a decrease in oil droplet size mediates changes in the rheological charac-
teristics. Conclusion: Because we can expect the wet-type jet mill to control the rheological characteristics of
the ointment, it is a promising tool for the preparation of skin cream formulations.

Key words: High-pressure wet-type jet mill; hydrophilic ointment base; oil droplet size; thixotropy; viscosity

Introduction

Today, emulsions are widely used in many commercial
products including medicines, cosmetic products,
food products, and paints. In most cases, decreasing
the oil droplet size is an exciting challenge to improve
the performance of these products. Although high-
speed mixers and high-pressure homogenizers are
well known as machines used for emulsification!®,
they have some limitations. For example, the circum-
ferential velocity of the high-speed mixer is weak by
nature and it is difficult to obtain submicron-sized
emulsions. High-pressure homogenizers possess sulffi-
cient capacity to prepare submicron-sized emulsions;
however, scaling-up is a problem because of their
small capacity and this limits their use in industrial
manufacturing’®,

A high-pressure wet-type jet mill is a promising tool
for improving dispersion and emulsification processes.

The internal arrangement of the high-pressure wet-type
jet mill is shown in Figure 1. Once fluids (e.g., slurry and
emulsion) are fed into the mill, they are pressurized by a
hydraulic plunger pump. The pressure can be increased
to a maximum of 245 MPa. The pressurized fluids are
supplied to a chamber by passing through two
branched channels where they collide at extremely high
speed in the center of the chamber. Because of turbulent
forces and cavitations caused by passing the pressur-
ized fluids through the orifice, along with counter colli-
sion, excellent dispersion and emulsification processes
can be achieved” !, Furthermore, several other benefits
can be achieved by using the wet-type jet mill. These
include preventing the risk of contamination and short-
ening the treatment time. In addition, because the wet-
type jet mill can deal with a lot of fluid in a short time
and can be easily integrated into one-pass operations, it
is applicable for industrial manufacturing. To date, this
mill has been applied to decreasing sizes of various
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Figure 1. A schematic diagram of high-pressure wet-type jet mill.

materials”"!!, Several studies have reported that treat- We think that the high-pressure wet-type jet mill can
ment with the wet-type jet mill results in fine and uniform bring about great benefits for the preparation of skin
oil droplets within emulsions’~1°. cream formulations. The oil droplet size of the hydro-
Hydrophilic ointment base is one of the most popular philic ointment base is thought to be decreased by treat-
oil-water (O/W)-type emulsions used in pharmaceuticals. ment with a high-pressure wet-type jet mill. Because the
Skin cream formulations made from this base exhibit an size of oil droplets in an emulsion exerts a predominant
interesting rheological characteristic called thixotropy. influence on its rheological characteristics
Thixotropy is a property of some non-Newtonian cant alteration of rheological characteristics in an emul-
pseudoplastic fluids that show a time-dependent sion can be observed by treatment with a high-pressure
change in viscosity; that is, the longer shear stress the wet-type jet mill. We think it is possible to obtain skin
fluid undergoes, the lower the viscosity. The thixotropic cream formulations that have much more suitable prop-
nature of skin cream formulations contributes to their erties by manipulating the processes of the wet-type jet

usefulness'?. mill.



The aim of this study was to evaluate the usefulness
of the wet-type jet mill in the preparation of the skin
cream formulations. A hydrophilic ointment base was
treated under various conditions. Processing pressure,
treatment cycles, and temperature during treatment
were selected as process variables of the wet-type jet mill.
The rheological characteristics of hydrophilic ointment
bases obtained, such as viscosity, hysteresis area, and
yield value, were examined. In addition, microscopic
observations of the oil droplets were conducted using a
scanning electron microscope (SEM).

Materials and methods

Materials

White petrolatum, stearyl alcohol, propylene glycol,
monostearate glyceride, methyl parahydroxybenzoate,
and propyl parahydrobenzoate were purchased form
Wako Pure Chemical Industries (Osaka, Japan). Poly-
(ethylene glycol)-60 (PEG-60) hydrogenated castor oil
was purchased form Nikko Chemicals Co. Ltd. (Tokyo,
Japan). All other reagents were of chemical grade.

Preparation of hydrophilic ointment base

The hydrophilic ointment base was prepared according
to JP XIV (Table 1). Briefly, white petrolatum, stearyl
alcohol, PEG-60 hydrogenated castor oil, and
monostearate glyceride were fused in a water bath at
75°C and the mixture was stirred until it became homo-
geneous. This liquid was used as the oil phase. For the
aqueous phase, propylene glycol, methyl parahydroxy-
benzoate, and propyl parahydrobenzoate were added
to water and then stirred in a water bath at 75°C. The
two phases were then mixed in a water bath at 75°C and
formed an O/W-type emulsion. The emulsion was
stirred gently until it was cooled to room temperature.
The water contents were fixed at 70%.

The prepared hydrophilic ointment base was then
treated with a high-pressure wet-type jet mill
(HJP25003; Sugino Machine Ltd., Toyama, Japan). The

Table 1. Formulation of hydrophilic ointment based on JP XIV.

Component (8)
White petrolatum 250
Stearyl alcohol 200
Propylene glycol 120
PEG-60 hydrogenated castor oil 40
Monostearate glyceride 10
Methyl parahydroxybenzoate 1
Propyl parahydroxybenzoate 1
Water Adequate dose
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processing pressures (100, 150, 200, and 245 MPa),
treatment cycles (1 and 2 cycles), and temperatures
(25°C and 40°C) of the treatment were selected as pro-
cess variables of the wet-type jet mill.

Measurement of viscosity

Flow curves of shear rate against shear stress were
obtained using a viscometer (TV-30; Toki Sangyo Co.
Ltd., Tokyo, Japan). The temperature of the base plate
was 25 + 0.1°C. The shear rate was changed in the range
of 3.83-191.5 s~ The hysteresis area was calculated as
the area surrounded by the hysteresis loop using the
trapezoidal method. The magnitudes of yield stress
were determined using the Casson model'”2,

JS =/Sc ++JaD,

where S is the shear stress, S is the Casson yield value,
a is the Casson viscosity, and D is the shear rate.

SEM observation of oil droplets

The oil droplets of the hydrophilic ointment bases were
observed using SEM (JSM-5600LV; Jeol Co. Ltd., Tokyo,
Japan). Hydrophilic ointments (15 UL) were set in a wet
SEM capsule (QX102-capsules; M&S Instruments Inc.
Ltd., Osaka, Japan). The capsule contains an ultra-thin
membrane that is transparent to the electron beam;
however, it is impervious to water. The mechanical
strength of the membrane is high enough to resist a
one-atmosphere pressure difference; therefore, the
sample contained in the capsule is completely isolated
from the vacuum in the microscope chamber. The sam-
ples can be directly imaged in their native wet environ-
ment with SEM. The oil droplet size was measured as a
Feret diameter and represented as the mean + SD of 100
measurements.

Results and discussion

To evaluate the usefulness of the wet-type jet mill as a
tool for the preparation of hydrophilic ointment bases,
we investigated the effect of process variables on rheo-
logical characteristics. The viscosity, hysteresis area,
and yield value of the hydrophilic ointment base were
selected as rheological characteristics. Generally, thixo-
tropic fluids form a three-dimensional structure in the
system. Once a certain degree of shear stress is given to
the fluids, their internal structure is destroyed.
Although the destroyed structure can be reconstructed
by removing the shear stress, a time lag is required
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Figure 2. Flow curves of the hydrophilic ointment base after treatment
with the wet-type jet mill as a function of processing pressures. Treat-
ment with the wet-type jet mill was conducted at 25°C. (O) Untreated
hydrophilic ointment and hydrophilic ointments treated at (®) 100
MPa, (A) 150 MPa, (H) 200 MPa, and () 245 MPa.

before completion of the reconstruction. Therefore, vis-
cosity values of the decreasing shear-rate curve of thixo-
tropic fluids is lower than those of the increasing shear-
rate curve, and the hysteresis area can be regarded as an
index of the three-dimensional structures that were
present in the sample before the measurement. The yield
value is defined as the stress that must be applied before
flow of the fluid will start. It is also used as a parameter
representing the thixotropic properties of the fluid.
Figure 2 represents the flow curves for hydrophilic
ointment bases treated with the wet-type jet mill at various
processing pressures. All flow curves showed a hysteresis

loop, and their shapes were markedly changed by different
processing pressures. The viscosity values of hydrophilic
ointment bases at each measured shear rate are shown
in Table 2. Treatment with the wet-type jet mill signifi-
cantly raised the viscosity, and the values increased
with increases in processing pressures (Table 2). In
accordance with this, the hysteresis area and yield
value significantly increased with increasing process-
ing pressures (Figure 3). In addition, obvious differ-
ences in viscosity values for increasing and decreasing
shear rate curves were observed, and higher values
were obtained for increasing shear rate curves, espe-
cially at low-shear stresses (Table 2).

These findings were thought to be related to decreasing
the oil droplet size of the hydrophilic ointment base by
treatment with the wet-type jet mill. Decreasing the oil
droplet size affects the rheological characteristics, such as
viscosity, of emulsions'>"! . Korhonen et al. investigated
the relationship between oil droplet size and viscosity
using an emulsion that dispersed caprylic triglyceride, iso-
propyl palmitate, glycerin, and cetostearyl alcohol in
water. From their study, it was demonstrated that an emul-
sion with smaller oil droplets (1.7 um maximum diameter)
was much more viscous than an emulsion with larger oil
droplets'®. Rajinder also reported that the viscosity of an
emulsion increased with decreases in oil droplet size using
an emulsion composed of petroleum oil, Triton X-100, and
water with a droplet size range of 5-18 um'#!, When the
oil droplet size decreases, interactions between oil drop-
lets, such as Van der Waals forces, become stronger
because of an increased packing density, and oil droplets
can then interact with each other much more frequently.
Interactions via the Van der Waals force are weak by
nature, and the network is gradually broken by the shear
stress of the measurement of viscosity. According to this
mechanism, hydrophilic ointment bases become more

Table 2. Viscosities of hydrophilic ointments after treatment with wet-type jet mill as a function of processing pressure.

Processing pressure of mill (MPa)

Shear rate (s™) Direction of change in shear rate 0 100 150 200 245
3.8 Upward 0.83+0.39 1.64+0.30 4.01+2.77 7.98 +2.54** 8.75 £ 1.04**
Downward 0.45+0.16 1.4910.08 2.76 £0.98* 4.25+0.97** 4.60 £ 0.42**
9.6 Upward 0.55+0.25 1.371+0.28 2.80+£2.17* 3.87 £1.18** 5.24 £ 0.09**
Downward 0.26+0.10 1.14+0.09 2.02 £0.80* 2.9310.61** 3.17£0.17**
19.2 Upward 0.35+0.14 1.051+0.18 1.821+0.70 4.29 £1.58** 3.86 £ 0.21**
Downward 0.18+0.06 0.95+0.14 1.57 £ 0.50** 2.36 £ 0.32** 2.49 £ 0.22**
38.3 Upward 0.22+0.07 0.69+0.18 1.32 £ 0.46** 2.03+0.11* 2.45 +0.24**
Downward 0.13+0.04 0.62+0.21 1.18 £0.33** 1.65 £ 0.13** 1.75+0.19*
76.6 Upward 0.14+0.04 0.42+0.14 0.85+0.19** 1.22 £ 0.07** 1.37 £0.16**
Downward 0.10+0.03 0.3710.12 0.88+£0.21** 1.11 £ 0.07** 1.17 £0.13**
191.5 — 0.08 £0.02 0.22+0.07 0.47 £0.05** 0.61 £0.07** 0.64 £ 0.10**

Treatment with the wet-type jet mill was conducted at 25°C. Each value represents the mean + SD (n = 3). Significant differences when treated
hydrophilic ointment was compared with the untreated hydrophilic ointment are indicated; *P < 0.05 and **P < 0.01.
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Figure 3. Effect of processing pressure on rheological characteristics of hydrophilic ointment bases. Treatment with the wet-type jet mill was
conducted at 25°C. (a) Hysteresis area, (b) yield value. Each value represents the mean + SD (n = 3). Significant differences between treated and
untreated hydrophilic ointments for hysteresis area and yield value are indicated; *P < 0.05 and **P < 0.01.

viscous and thixotropic in nature by treatment with the
wet-type jet mill. Furthermore, because the oil droplet size
is thought to decrease with higher processing pressure,
changes in the rheological characteristics proceed by
increasing the processing pressure.

Subsequently, we investigated the effect of the treat-
ment cycle on rheological characteristics. Hydrophilic
ointment bases were treated at 150 MPa with one and
two cycles. Their hysteresis loops were quite similar to
each other (Figure 4). Changes in the hysteresis areas
and yield values from one cycle to two cycles were 872.5
+454.1t0 853.3+371.8 Pa/s and 14.3+5.6t0 18.2 + 3.42
Pa, respectively (data not shown). Thus, no effect of
treatment cycle on rheological characteristics was
observed in this study. In contrast, Seekkuarachchi et al.
reported a significant effect of treatment cycles on oil
droplet size®. They used an emulsion that dispersed
kerosene and liquid paraffin in PEG solutions. Sodium
dodecyl sulfate was used as a surfactant, and the water
concentration was 90%. The oil droplet size of the emul-
sion was markedly decreased by repeating the treat-
ment with the wet-type jet mill at 50 or 150 MPa. A
possible explanation for this discrepancy in results is
the different experimental conditions used, such as
components of the formulation and water content. In
this study, the system probably reached a steady state
by the first treatment, and the second treatment was no
longer able to provide the shear stress needed to affect
its state.

Treatment with the wet-type jet mill was conducted
at 40°C and changes in the thixotropic properties of the
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Figure 4. Flow curves for hydrophilic ointment base after treatment
with a wet-type jet mill as a function of treatment cycles. Treatment
with the wet-type jet mill was conducted at 150 MPa at 25°C. (O)
One cycle, (®) two cycles.

hydrophilic ointment base were investigated. As shown
in Figure 5, hysteresis area and yield values after treat-
ment at 40°C tended to be higher than those at 25°C.
The viscosity of the colliding fluids was decreased by
increasing the temperature inside the chamber. We
think this is what made the oil droplet size decrease and
induced more obvious changes in the rheological
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Figure 5. Effect of temperature on the rheological characteristics of hydrophilic ointment bases. Treatment with the wet-type jet mill was con-
ducted at 150 MPa at ([]) 25°C or (H) 40°C. (a) Hysteresis area, (b) yield value. Each value represents the mean + SD (n = 3).

Figure 6. SEM micrographs of hydrophilic ointment bases after treatment with the wet-type jet mill. (a) Untreated hydrophilic ointment. Pro-
cessing pressures: (b and d) 150 MPa, (c and €) 245 MPa. Temperature of the treatment: (b, ¢, and d) 25°C, (e) 40°C. Treatment cycle: (b, ¢, and

e) one cycle; (d) two cycles.

characteristics.  Seekkuarachchi and Kumazawa
reported that the oil droplet size of an emulsion
decreased by using a low-viscosity-dispersing phase'°.
This evidence strongly supports our findings.

We found that treatment with the wet-type jet mill had
a large impact on the rheological characteristics of the
hydrophilic ointment base. This effect is assumed to be
mediated by decreasing the oil droplet size. To clarify this
issue, we conducted microscopic observations of the
hydrophilic ointment base using SEM. On average, the oil
droplet size of the untreated hydrophilic ointment base

was about 3.01 £ 1.58 um (mean * SD) (Figure 6a),
whereas the oil droplet sizes after treatment with the wet-
type jet mill were much smaller (Figure 6b-e). The oil
droplet size was reduced from 1.27 + 0.64 to 0.78 + 0.28 um
by increasing the processing pressure from 150 to 245
MPa. An effect of temperature during treatment was also
observed, and the oil droplet size reduced to 0.65 * 0.22
um by treatment at 40°C (Figure 6e). No difference was
observed between hydrophilic ointments treated with one
and two cycles (Figure 6b and d). SEM observations were
coincident with changes in the rheological characteristics.



Therefore, the effect of the wet-type jet mill on the rheo-
logical characteristics of a hydrophilic ointment base is
mostly caused by decreasing the oil droplet size.

Conclusions

We have demonstrated that the rheological characteristics
of a hydrophilic ointment base were improved by treat-
ment with the wet-type jet mill. From SEM observations,
changes in the rheological characteristics can mostly be
attributed to decreasing the oil droplet size. Because the
wet-type jet mill possesses an excellent capacity for dis-
persion and emulsification, we believe it can extensively
control the rheological characteristics of cream bases.
From this study, we have successfully indicated the
usefulness of the wet-type jet mill for the preparation of
cream formulations.
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