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INTRODUCTION

Hydroxyl number is the number of milligrams of KOH
equivalent to the hydroxyl content in one gram of sample.
Conventionally hydroxyl number is determined by
acetylation of hydroxyl groups in the sample with acetic
anhydride and pyridine[1-3]. The excess acetic anhydride
is decomposed with water and the acetic acid which is
formed is titrated with standard potassium or sodium
hydroxide solution. This method requires couple of hours
of reflux to complete the acetylation reaction and
exposure to large amount of pyridine (catalyst cum
solvent) which has serious health hazards as well as foul
smell. Although various chemical and instrumental
methods have been explored to determine the hydroxyl
number of compounds[1,4-6] but acetylation method with
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pyridine and acetic anhydride is still the most widely used.
In the present study 4-(dimethylamino) pyridine was

used as the catalyst for acetylation of HTPB, nBD and
TMP for determination of their hydroxyl numbers. Due
to the catalyst, acetylation reaction takes place at
ambient temperature (25C) at a very fast rate[7]. It is
reported that 4-(dimethylamino) pyridine has a specific
catalytic activity about 104 times greater than that of
pyridine[8]. Further mechanistic studies on 4-
(dimethylamino) pyridine catalysed acetylation of alcohol
is reported by Shangjie Xu et al.[9]. Tetrahydrofuran
was used as solvent for the acetylation reaction which
facilitated the reaction content in homogenous state,
contrary to the acetylation of HTPB in pyridine. Acetic
acid, which is formed during the reaction as well as
after hydrolysis of excess of acetic anhydride, was
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ABSTRACT

Hydroxyl terminated polybutadiene (HTPB), 1, 4-butanediol (nBD) and
trimethylol propane (TMP) are the key ingredients of binder system in
composite propellant formulations. HTPB is a pre-polymer while nBD and
TMP are used as chain-extender and cross-linker respectively. For these
compounds determination of hydroxyl number is very essential, as
depending upon the hydroxyl number the quantity of isocyanate curing
agent is finalized to get the desired mechanical properties of the cured
propellant.
This paper describes a method for determination of hydroxyl number of
HTPB, nBD and TMP by a rapid and ambient temperature acetylation
reaction. The results are obtained with remarkable repeatability.
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potentiometrically determined on autotitrator.

EXPERIMENTAL

Reagents

I. Acetylating solution: 5 mL acetic anhydride in 50
mL THF

II. Catalyst solution: 1 g 4-(dimethylamino) pyridine in
100 mL THF

III. Hydrolysis solution: 20 mL water in 80 mL THF.
IV. Tetrahydrofuran (THF)
V. Standard 1N ethanolic KOH solution.

Procedure

To a 50 mL titration flask around 1 g HTPB was
accurately weighed and 10 mL THF was added.
Contents were mixed with the help of magnetic stirrer.
To this solution 10 mL catalyst solution was added
followed by the addition of 5 mL acetylating solution.
After 10 minutes of stirring at 25C, 10 mL hydrolysis
solution was added and the stirring continued for another
30 minutes. This solution was potentiometrically titrated
with standard 1N ethanolic KOH solution in autotitrator
using a glass electrode. Blank was determined in
duplicate omitting the sample. All liquid additions were
carried out with the help of pipette. Calculation of
hydroxyl number was made according to the following
formula.

Where,
OHN = Hydroxyl number of sample in mg KOH/g
V1 = Volume of KOH solution needed for the sample

(mL)
V2 = Volume of KOH solution needed for the blank

(mL)
N = Normality of KOH solution
m = Weight of the sample in grams
AN = Acid number of the sample in mg KOH/g

For the hydroxyl number determination of nBD and
TMP the sample size was reduced to 0.1 g. rest of the
procedure was same as HTPB.

RESULTS AND DISCUSSION

Samples of two different grades of HTPB, nBD
and TMP were analysed for their hydroxyl number.
TABLE 1 shows the results of determination of hydroxyl
number of HTPB, nBD and TMP using the standard

TABLE 2 : Statistical representation of replicate hydroxyl number determinations

Hydroxyl Number 
Number of 

determination 
HTPB 

(  : 2500) 

HTPB 

(  : 3100) 
nBD TMP 

1 43.8 37.9 1239 1259 

2 43.9 37.4 1241 1255 

3 44.1 37.9 1244 1256 

4 44.3 37.7 1241 1258 

5 44.4 37.6 1250 1261 

6 44.3 37.3 1244 1258 

7 44.2 37.8 1246 1251 

Average 44.1 37.7 1244 1257 

Standard deviation 0.22 0.23 3.69 3.24 

Coefficient of variation (%) 0.50 0.61 0.30 0.26 

Confidence Interval (95%) 44.1 ± 0.2 37.7 ± 0.2 1244 ± 2.7 1257 ± 2.4 

TABLE 1 : Hydroxyl number determination by standard and
modified method

Hydroxyl number 
Sample Standard 

method [3,10] 
Modified 
method 

HTPB 

(  : 2500 by VPO) 
43.8 44.1 

HTPB 

(  : 3100 by VPO) 
37.5 37.7 

nBD 1242 1244 

TMP 1254 1257 
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method[3,10] and the modified procedure. Results
obtained by both the methods were in close agreement.

In order to access the repeatability of the method,
seven replicate determinations of hydroxyl number were
performed. The results of their statistical evaluation are
given in TABLE 2. As can be seen from the values of
standard deviation and coefficient of variation, the test
method gives an excellent degree of repeatability which
is at par with the reported chemical methods used for
determination of hydroxyl content. Test results were
subjected to F-test to compare the precision of set of
data obtained by modified method to that of the set of
data obtained by standard method[11]. The test had
shown that there was no significant difference between
the precisions at 10 percent probability level. To
establish the significance of variation of analysis results
obtained by both the methods, paired t-test was
conducted which again showed that there was no
significant difference between the results at 10 percent
probability level. The advantage of this method in
comparison to the standard method is the ease of work
and economy of time.

CONCLUSIONS

The method described in the paper gives a fast,
convenient and repeatable mean for the determination
of hydroxyl number of HTPB, nBD and TMP which
are frequently used as components of binder system in
composite rocket propellant formulations.

ACKNOWLEDGMENT

Authors wish to thank Shri P K Mehta, OS &
General Manager ACEM for permission to publish this
work.

REFERENCES

[1] V.P.Boiko, V.K.Grishchenko; Determination of
hydroxyl groups in polymers. Review, Acta Polym.,
and references cited therein, 36(9), 459�472

(1985).

[2] C.Paquot (Ed.); IUPAC Standard Methods for the
Analysis of Oils, Fats and Derivatives, 6th Edition,
Pergamon Press, Oxford, Section, 2, 241 (1979).

[3] ASTM D1957-86; Standard Test Method for
Hydroxyl Value of Fatty Oils and Acids, ASTM
International, West Conshohocken, PA, (1986).

[4] R.O.Crisler, A.M.Burrill; Determination of
Hydroxyl Value of Alcohols by Near-Infrared
Spectroscopy, Anal.Chem., 31(12), 2055�2057

(1959).
[5] ASTM E1899�08; Standard Test Method for

Hydroxyl Groups Using Reaction with p-

Toluenesulfonyl Isocyanate (TSI) and
Potentiometric Titration with Tetrabutylammonium
Hydroxide, ASTM International, West
Conshohocken, PA, (2008).

[6] Leopold Hartman, Regina C.A.Lago, Laerte
C.Azeredo, Maria A.A.Azeredo; Determination of
Hydroxyl Value in Fats and Oils Using an Acid
Catalyst, Analyst, 112, 145�147 (1987).

[7] Hans J.Reich, James H.Rigby (Eds.); Handbook
of Reagents for Organic Synthesis - Acidic and
Basic Reagents, John Wiley & Sons Ltd, England,
140-142 (1999).

[8] K.A.Connors, K.S.Albert; Determination of
hydroxyl compounds by 4-dimethylamino pyridine
catalyzed acetylation, J.Pharm.Sci., 62, 845-846
(1973).

[9] S.Xu, I.Held, B.Kempf, H.Mayr, W.Steglich,
H.Zipse; The DMAP-Catalyzed Acetylation of
Alcohols � A Mechanistic Study (DMAP=4-

(Dimethylamino) pyridine), Chem.Eur.J., 11, 4751�
4757 (2005).

[10] Mehilal; Standard analytical methods for ingredients
of composite propellant and related products. High
Energy Materials Research Laboratory, Pune,
(2009).

[11] J.Mandel; The Statistical Analysis of Experimental
Data, Interscience, New York, (1964).


