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In this study, the thermo-gelation behavior of hydroxypropyl methylcellulose (HPMC) and hydroxyethyl
methylcellulose (HEMC) were examined by rheology. Temperature sweep shear viscosity measurements
revealed a significant decrease in the shear viscosity of HPMC and HEMC at the aggregation temperature
(Tagr), which depended on the substitution type (HPMC or HEMC) and degree of substitution. In the
dynamic test, G’ decreased slightly at Tagr and increased significantly at the gelation temperature (Tgel). The
shear viscosity and shear storage modulus (G’) can be utilized complementarily to examine Tagr and Tgel.
Tagr could be detected clearly by the shear viscosity measurement but could not be observed in the G’ mea-
surement. On the other hand, Tgel could not be detected in the shear viscosity measurement although it can
be clearly recognized in G’ measurement. Conclusively, the two rheological measurements could be utilized
complementarily in detection of Tagr and Tgel. In the meanwhile, HPMC with more hydrophobic residues
(methoxy and hydroxypropyl residues) showed smaller Tagr and Tgel than HEMC, which has hydroxyethyl
and methoxy groups. Tagr and Tgel decreased with increasing number of hydrophobic groups. Molecular
weight almost did not affect Tagr and Tgel of HPMC solution.
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1. Introduction

Hydroxypropyl methylcellulose (HPMC) and hydroxy-

ethyl methylcellulose (HEMC) are cellulose ethers

obtained by introducing methoxy and hydroxypropyl or

hydroxyethyl groups to cellulose chains. 

Cotton and wood celluloses are highly crystalline nat-

ural polymers due to the well developed molecular

arrangement with intermolecular hydrogen bonds. This

high crystallinity, however, makes them insoluble in

water. On the other hand, the crystalline region of cel-

lulose can be disrupted when the hydroxyl group of cel-

lulose is substituted with methoxy, hydroxypropyl and

hydroxyethyl groups because these new substituted groups

prevent intermolecular hydrogen bond formation between

the molecules. As a result, HPMC and HEMC become

water soluble due to the amorphous characteristics. 

HPMC and HEMC are non-toxic and edible. They show

1) high viscosity in the solution state, 2) cholesterol and

blood glucose lowering effects (Ban et al., 2012a, 2012b;

Maki et al., 1999) and 3) good film forming ability. Con-

sequently, HPMC and HEMC have been used as additives

in 1) building materials (Plank, 2003; Pouchez et al.,

2006) and 2) drug tablets with controlled release (Cam-

posAldrete and VillafuerteRobles, 1997; Chirico et al.,

2007; William et al., 2002). They have been also used in

cholesterol and blood glucose lowering functional foods,

and studied for biomedical applications (Blouin et al.,

2006; Uslu and Aytimur, 2012). 

One of the interesting characteristics of cellulose ether is

the thermo-reversible gelation behavior in the aqueous

solution state. That is, they are in solution form at room

temperature but become a gel when the temperature is

increased. The gel returns to its solution form when it is

cooled to room temperature. Researchers have paid atten-

tion to the thermo-reversible gelation of cellulose ether

because controlled delivery performance can be changed

significantly with the sol-gel transition of cellulose ether

(Bain et al., 2009; Bhowmik et al., 2010). In addition, a

microfluidic gel valve function for biomedical applica-

tions is possible using the thermo-reversible gelation of

cellulose ether (Yoon et al., 2006). Therefore, many stud-

ies on the thermo-reversible gelation of cellulose ether

solutions have been carried out over the past decades

(Hussaina et al., 2003; Kobayashi et al., 1999; Liu et al.,

2008a; Sarkar, 1969; Silva et al., 2008; Wang and Li,

2005) 

Previous studies on the thermo-reversible gelation of

cellulose ether had some limitations. First, the thermo-

gelation behavior was examined by rheometry, turbidity,

calorimetry, etc. In the case of rheometry, the shear moduli

(G’ and G”) are used mainly to examine thermo-reversible
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gelation but other tools can be utilized. This leads to a lim-

ited examination on the thermo-gelation aspects of cel-

lulose ether. Second, although the gelation hysteresis of

cellulose ether was reported in many papers, no related

studies have been performed. Other studies on the thermo-

gelation behavior of cellulose ether were performed inten-

sively on the methyl cellulose (MC) and HPMC. HEMC

has similar properties to MC and HPMC, but it is a more

hydrophilic cellulose ether. This has been also used in

similar industrial fields of MC and HPMC but the thermo-

gelation behavior of HEMC has not been examined. 

This study examined the following to obtain a better

understanding of the thermo-gelation of a cellulose ether

solution: 1) effect of the degree of substitution and molec-

ular weight of HPMC and HEMC on their thermo-gela-

tion behavior; 2) thermo gelation behavior of HPMC with

an oscillation test using a steady state flow test tool; 3)

hysteresis phenomenon of thermo-gelation of HPMC in

more detail; and 4) thermo-gelation behavior of HEMC. 

2. Experimental 

2.1. Materials and preparation
HPMC and HEMC samples were kindly provided by

Samsung Fine Chemicals, Co. Table 1 lists the sample

code, viscosity and substitution degree of HPMC and

HEMC. 2% HPMC and HEMC powders were dissolved

in hot water to prevent lump formation in the early stages

of dissolution. The solutions were stirred with a magnetic

stirrer during dissolution. Finally, the 2% (w/w) HPMC

and HEMC aqueous solutions were obtained and used in

the rheological measurements. 

2.2. Rheological measurements
The rheological measurements were taken using a

MARS III (Thermo Fisher Scientific, Germany) with a

parallel plate. The diameter of plate was 35 mm and the

measurement gap between the plates was 1 mm. In the

temperature sweep shear viscosity measurements, the tem-

perature ranged from 30 to 90oC. The heating and cooling

rate was controlled from 2oC/min to 15oC/min and the

shear rate was 20 sec-1. The dynamic viscoelastic param-

eters (G’ and G”) were measured as a function of tem-

perature from 30 to 90oC. The frequency and strain were

1 Hz and 0.1%, respectively. The heating rate was 2oC/min.

3. Results and Discussion 

3.1. Hysteresis phenomenon in the thermo-revers-
ible gelation of HPMC

 When the temperature is increased to a certain point,

phase separation between HPMC and water takes place,

resulting in the aggregation of HPMC molecules (Table

2). This aggregation of HPMC occurs due to hydrophobic

interactions of methoxy and hydroxypropyl residues in

Table 1. Sample code, viscosity and degree of substitution of the

HPMC and HEMC samples used in this study

Sample

code

2% solution 

viscosity 

(cps)

Degree of substitution

Methoxy

(%)

Hydroxyethyl 

(%)

Hydroxypropyl 

(%)

P1 37,000 20.5 26.6

P2 32,000 28.2 7.3

P3 2,940 24.6 8.5

P4 32,100 24.5 8.4

P5 67,000 23.4 9.1

E1 29,500 24.2 7.7

E2 30,000 25.1 7.4

E3 30,000 28.5 8.3

Table 2. Thermoreversible gelation of the hydroxypropyl meth-

ylcellulose aqueous solution

Temperature 

(oC)

Thermo-gelation 

behavior
Picture

25 Solution state

70
HPMC molecules 

start aggregated

90
Gelation of HPMC 

solution takes place

25
Gel returns to

solution state


