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Standard Test Methods for Testing
Polyurethane Raw Materials: Determination of Hydroxyl
Numbers of Polyols *

This standard is issued under the fixed designation D 4274; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope * 2. Referenced Documents

1.1 These test methods measure the hydroxyl groups in 2.1 ASTM Standards:
polyester and polyether polyols containing primary and sec- D 883 Terminology Relating to Plastits
ondary hydroxyl groups. They also apply to many other D 1193 Specification for Reagent Water

hydroxyl-containing substances. D 1957 Test Method for Hydroxyl Value of Fatty Oils and
1.1.1 Test Method A—Acetic Anhydride Pressure Bpttle Acids*

recommended for polyesters. E 180 Practice for Determining the Precision of ASTM
1.1.2 Test Method B—Phthalic Anhydride Pressure Bottle Methods for Analysis and Testing of Industrial Chemigals

recommended for polyethers and polyesters. E 200 Practice for Preparation, Standardization, and Stor-
1.1.3 Test Method C—Phthalic Anhydride Reflurcom- age of Standard and Reagent Solutions for Chemical

mended for polyethers and polyesters. Analysi®

1.1.4 Test Method D—Imidazole—Catalyzed Phthalic Anhy- E 203 Test Method for Water Using Karl Fischer Reagent
dride Pressure Bottleecommended for polyethers, polyesters, E 222 Test Methods for Hydroxyl Groups by Acetic Anhy-
polymer polyols, and amine-initiated polyols. dride Acetylatio®

1.1.5 Test Method E—Imidazole-Catalyzed Pyromellitic E 326 Test Method for Hydroxyl Groups by Phthalic Anhy-
Dianhydride Esterificationrecommended for polyols used for dride Esterificatiop
flexible and rigid polyurethane foams and urethane elastomers. E 335 Test Method for Hydroxyl Groups by Pyromellitic
It is recommended for polyester polyols, polyether polyols, Dianhydride Esterificatioh
amine-started polyols, and polymer polyols (polyacrylonitrile/ E 691 Practice for Conducting an Interlaboratory Study to
copolystyrene-based). Determine the Precision of a Test MetRod

1.2 Other ASTM test methods for measuring hydroxyl 2.2 1SO Standard:
groups are Test Methods D 1957, E 222, E 326, and E 335 (seelSO 6791-1981 Polyglycols for Industrial Use—
Note 1). Determination of Hydroxyl Number—Phthalic Anhydride

Note 1—Test Method C is essentially similar to ISO 6796-1981, but Esterification Method

there are some differences in the concentrations used and some procedou:?'fll Terminology

details. There are currently no data available for comparing the results o . .
Test Method C to those of ISO 6796-1981. 3.1 Definitions—The terminology in these test methods

1.3 The values stated in Sl units are to be regarded as ”{gllows the standard terminology defined in Terminology

standard. L 883. finiti f ii hi h
1.4 This standard does not purport to address all of the 3.2 Definitions of Terms Specific t0 This Standafhere

safety concerns, if any, associated with its use. It is thére no terms in these test methods that require new or other

responsibility of the user of this standard to establish appro—than dictionary definitions.
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1 These test methods are under the jurisdiction of ASTM Committee D-20 om——————————
Plastics and are the direct responsibility of Subcommittee D20.22 on Cellular 2 Annual Book of ASTM Standardgol 08.01.
Plastics. These test methods were recommended to ASTM by the Society of the * Annual Book of ASTM Standardgyl 06.03.

Plastics Industry Polyurethane Raw Material Analysis Committee. 5 Annual Book of ASTM Standardépl 15.05.
Current edition approved Nov. 10, 1999. Published February 2000. Originally © Annual Book of ASTM Standardéols 06.03, 08.03, and 14.02.

published as D 4274 — 88. Last previous edition D 4274 — 94. 7 Available from American National Standards Institute, 11 W. 42nd St., 13th
2 Annual Book of ASTM Standardgl 11.01. Floor, New York, NY 10036.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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4. Summary of Test Methods material is a finely-ground solid it is necessary to melt (using
4.1 Test Method A-The sample is acetylated with a solu- N0 higher temperature than necessary) and mix the resin well

tion of acetic anhydrideGaution: see Note 2) in pyridine in a before removing a sample for analysis. Many polyols are

pressure bottle at 98°C. The excess reagent is hydrolyzed witlygroscopic, and care should be taken to provide minimum

water and the acetic acid is titrated with standard sodiunfXPosure to atmospheric moisture during the sampling.

hydroxide solution. The hydroxyl content is calculated from

the difference in titration of the blank and sample solutions. TEST METHOD A—ACETYLATION

Note 2—Caution: Acetic anhydride and pyridine are toxic and flam- 8. Interferences

mable. In addition, acetic anhydride is corrosive. Proper precautions 8.1 Dry the sample if it contains more than 0.2 % water.

should be taken in handling these reagents. _ - ) More than that will interfere by destroying the esterification
4.2 Test Method B-The hydroxyl group is esterified with a reagents.

solution of phthalic anhydride in pyridine in a pressure bottle 8.2 Primary and secondary amines and long-chain fatty

at 98°C. The excess reagent Is titrated with standard SOdIU@bidS react with the reagent to form stable Compounds that

hydroxide solution. would be included in the analysis.
4.3 Test Method &-The hydroxyl group is esterified with a

solution of phthalic anhydride in pyridine under reflux condi- 9. Apparatus
tions at 115°C. The excess reagent is titrated with standard g 1 Bottle? pressure, heat-resistant, approximately 350 mL.

sodium hydroxide solution. . » 9.2 Bag}° heavy fabric with draw string to hold bottle. As

4.4 Test Method B-The hydroxyl group is esterified by 4 aiternative, a stainless steel mesh jacket fitted to cover the
reaction with phth;’:l“c anhydrld_e_ in a pyrldlr_1e r_nedlum atpottle may be used.
app_rO_X|mater 100°C. The esterlf_lcat_|on reaction is (_:atalyzed 9.3 Buret, 100-mL total capacity, range of graduated portion
by imidazole. The excess anhydrlde is hydrolyzed with watersn mi, 0.1-mL graduations.
and the phthalic acid formed is titrated to the phenolphthalein
end point with standard sodium hydroxide solution. The Norte 3—_As a substitute, if the 100_-mL bur_et is not gvailabl_e, the first
hydroxyl content is calculated from the difference in titration of °C ML Of titrant may be added by pipet (uniform drainage time for all

. aliquots) and the titration completed with a 50-mL buret.

the blank and the sample solution. . o

4.5 Test Method E-The hydroxyl group is esterified witha 9.4 Water Bath 98+ 2°C, containing enough water to cover
solution of imidazole (IMDA) and pyromellitic dianhydride the liquid in the sample bottles. The water level must be as
(PMDA) in dimethylformamide in an iodine flask at 70 to Prescribed, and the temperature must be within the prescribed
80°C. The excess reagent is titrated with standard sodiuf@nge and uniform throughout the bath.

h i lution.
ydroxide solution 10. Reagents

5. Significance and Use 10.1 Acetic Anhydride
5.1 These test methods are suitable for research and asl0.2 Acetylation ReagertMix 127 mL of acetic anhydride

quality control and specification tests. It is necessary to knowvith 1000 mL of pyridine (10.5). Prepare the reagent fresh
the hydroxyl contents of polyols in order to formulate poly- daily and keep it in a dark bottle. Do not use it if it is darker

urethane systems. than pale yellow.
10.3 Hydrochloric Acid, Standard0.5 N)—Prepare and
6. Reagents standardize in accordance with Sections 20 to 24 of Practice

6.1 Purity of Reagents-Use reagent-grade chemicals in all E 200. Determine and record the temperature at which the
tests. Unless otherwise indicated, all reagents must conform gfandardization was performed. The concentration of the solu-
the specifications of the Committee on Analytical Reagents ofion shall be corrected to the temperature at which the
the American Chemical Society, where such specifications ardetermination is performed as described in 10.6. The factor for
available® Other grades may be used, provided they are puréhe thermal expansion of this solution is 0.00014. This solution

enough to be used without lowering accuracy. is required only if a correction is to be applied for the presence
6.2 Purity of Water—Unless otherwise indicated, use Type Of strong base in the sample being analyzed.
Il water Conforming to Speciﬁcation D 1193. 104 Phenolphthalein Indicator SolutierDissolve 1 g of
phenolphthalein in 100 mL of pyridine.
7. Sampling 10.5 Pyridine, containing from 0.30 to 0.45 % water. Deter-

7.1 Polyesters and polyethers usually contain molecule§line the water content of the pyridine using Test Method
covering an appreciable range of molecular weights. ThesE 203. Add the required amount of water. The volume of water
have a tendency to fractionate during solidification. Unless thé0 add, mL, per litre of pyridine may be calculated as follows:

8 “Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-  ° A suitable bottle is available from B. Preiser Co., Inc., Charleston, WV, Catalog
cal Soc., Washington, DC. For suggestions on the testing of reagents not listed Byo. 10-5485; Chemical Rubber Co., Cleveland, OH, Catalog No. 33052A; and
the American Chemical Society, see “Reagent Chemicals and Standards,” by JoseBhientific Glass Co., Bloomfield, NJ, Catalog No. B-5317.

Rosin, D. Van Nostrand Co., Inc., New York, NY, and the “United States '°Available from Flaherty Filter Media, Inc., 16 Passaic Ave., P.O. Box 357,
Pharmacopeia.” Spring Lake, NJ 07762.
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Water to add= 4.0 — 9A (1)  Add to the flask 75 mL of redistilled pyridine, 75 mL of
whereA = percent of water in pyridine. distilled water, and 0.5 mL of phenolphthalein indicator solu-
10.6 Sodium Hydroxide, Standard Solutiqf.5 N)—  tion.

Prepare and standardize in accordance with Sections 14 to 1911.8 Acidity Correctior—If the solution is colorless, fitrate
of Practice E 200. Determine and record the temperature &Yith standard 0.N NaOH to a pink end point that persists for
which the standardization was performed. The factor fordt least 15 s. Make a blank titration on the reagent mixture
thermal expansion of this solution is 0.00014. For calculatiorfiescribed in 11.7, omitting the sample. The acidity correction,
of the hydroxyl content, the normality of the solution shall beMg KOH/g, is calculated as follows:

corrected to the temperature at which the determination is Acidity correction= [(A — B)N X 56.1/W 4
performed by the following:
where
NG =Ny + (4 = 6)(F) @) A = NaOH solution required for titration of the blank, mL,
where: B = NaOH _solution required for ti'gration of the blank, mL,
Nt, = normality when standardized, N = normality of the NaOH solution, and
Nt, = normality during analysis of samples, W = sample used, g. o o
t, = temperature of solution during standardization,® C, 11.9 Alkalinity Correction—If the solution in 11.7 is pink,
ts = temperature of solution during analysis of samples, titrate to the disappearance of the pink color with BLHCI,
°C, and and then add 1.0 mL excess. Back-titrate with standard\NO.1
F = factor to correct for thermal expansion of the NaOH to a pink end point that persists for at least 15 s. Titrate
solution (see each solution for appropriate factor). with standard 0.N NaOH a blank containing exactly the same
amount of added 0. HCI and the reagent mixture described
11. Procedure in 11.7 omitting the sample. The alkalinity correction, mg
11.1 Pipet 20.0 mL of the acetylation reagent to eacH<OH/Q, is calculated as follows:
pressure bottle for the blank and sample determinations (in Alkalinity correction= [(B — A)N X 56.1)/W (5)
duplicate). Use the same drainage time for each aliquot. where the terms are as defined as in 11.8.

11.2 Reserve two of the bottles for the blank determinations;
weigh samples to the nearest 0.1 mg into the other bottles.2. Calculation

Determine the sample weight, g, as follows: 12.1 Calculate the hydroxyl number, mg KOH/g, of sample
Sample weight as follows:

= (561 % 0.98/approximate hydroxyl number (3) Hydroxyl number= [(B — AN X 56.1/W ®)

Since the calculated weight will be near the maximum where:
permitted by the test method, adhere closely to the indicated® = NaOH required for titration of the sample, mL,
weight. B = NaOH required for titration of the blank, mL,

11.3 Stopper the bottle and swirl it until the sample is N = normality of the NaOH, and
completely dissolved. Enclose each bottle in a fabric bag andV = sample used, g. o o
place all bottles as close together as possible in the water bath12.2 If the sample contains free acidity or alkalinity as
at 98+ 2°C for 2 h. Keep enough water in the bath to cover thgneasured in 11.7-11.9, the result in 12.1 must be corrected as
level of liquid in the bottles. follows:

11.4 Remove the bottles from the bath and allow them to  Hydroxyl number(corrected
cool to room temperature. Untie the bags, uncap the bottles to
release any pressure, and then remove the bags. = hydroxyl number+ acidity, or

11.5 Carefully rinse any liquid on the stopper into the bottle )
and rinse the walls of the flask with 20 to 30 mL of water. Add Hydroxyl number(corrected
clean crushed ice to each of the bottles until about half full.

11.6 Add 1 mL of the phenolphthalein indicator solution
and titrate immediately with the 0.8 NaOH solution to the
first faint pink end point that persists for 15 s. The solution13. Report
should be swirled during the titration, with vigorous swirling as
the end point is reached. Record the volume of titrant to 0.0
mL (Note 4). Record the temperature of the NaOH solution.

= hydroxyl number— alkalinity

®)

13.1 Report the corrected hydroxyl number to the nearest
1.

Note 4—If the volume of 0.5\ NaOH solution required for the sample 14. Precision and Bias™

is less than 80 % of that required for the blank, the sample was too large 14.1 Precision—Attempts to develop a precision and bias

and the ane-\ly.5|s must be r_e‘?eated with ésma”er sample. statement for this test method have not been successful. For
11.7 Acidity or Alkalinity Correctior—If the sample con-

tains significant acidity or alkalinity, correct the result as
follows. We'Qh into a 400-mL ErlenmEyer flask the_sar_ne 1 Supporting data are available from ASTM Headquarters. Request RR: D20-
amount of sample used before for the hydroxyl determinationiose.
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this reason, data on precision and bias cannot be given. Anyorgently until the sample is dissolved. Add phenolphthalein
wishing to participate in the development of precision and biasndicator and titrate to a pink end point with the \NSNaOH
data should contact the Chairman, Subcommittee D20.2Zolution using a 50-mL buret.
ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 17.5.2 Calculate the normality of the NaOH as follows:
19428-2959. -

14.2 Itis estimated that duplicate results by the same analyst Normality = WI(V> 0.2042 ®©)
should be considered suspect if they differ by more than 1 unitwhere:
(where the measured hydroxyl number <120) or by more thanW = KHCgH,O,, g, and

1 % relative (measured hydroxyl Number >120). V= NaOH required for titration of the KHg1,0,, mL.
14.3 Bias—There are no recognized standards on which to
base an estimate of bias for this test method. 18. Procedure

18.1 Prepare a sufficient number of clean, dry pressure
bottles to make all blank and sample determinations in dupli-
cate. Replace the rubber gaskets, if necessary, and make certain
15. Interferences the caps can be fastened securely.

151 E . ts of water in th le will interf 18.2 Accurately pipet 25 mL of the phthalic anhydride
4 EXCESSIVE amounts of water in the sampie will Intertert eagent into each of the bottles. Use the same pipet for both
by destruction of the esterification reagent. Dry the sample if i

e than 0.2 % wat ample and blank determinations. Do not allow the reagent to
contains more than ©.z “o water. contact the rubber gasket.

aciltz?ézrelr;rg::nsvri)t/hatui ?22022?% ?g;g]]e;aag?g (I:%?T?'gzﬂgsf?% 18.3 Reserve two of the bottles for the blank determination.
9 P 18.4 Introduce into each of the other bottles the amount of

would be included in the analysis. .
Y sample, g, calculated as follows, as weighed to the nearest 0.1

TEST METHOD B—PRESSURE-BOTTLE
PHTHALATION

16. Apparatus mg.
16.1 Bottles? pressure or storage, borosilicate glass. Sample size= 561/estimated hydroxyl number (10)
16.2 Pressure Bottle Bag¥ Since the calculated weight will be near the maximum
16.3 Buret, Normax, bulb, 100-mL capacity. permitted by the method, adhere closely to the indicated
weight. Weigh the sample from a hypodermic syringe. Swirl to
17. Reagents dissolve completely.

17.1 Pyridine—Distill from phthalic anhydride, discarding  18.5 Cap the bottles and enclose them in the pressure bottle
the fraction boiling below 114 to 115°C. Store in brown glassbags. Keep the samples and blanks as close together as possible
bottles. in a water bath, maintained at 98 2°C, for 2 h. Maintain

17.2 Phthalic Anhydride (Pyridine Reagert)Veigh 111to  sufficient water in the bath to just cover the liquid in the bottles.
116 g of phthalic anhydride into a 1-gt brown bottle. Add 700 18.6 Remove the bottles from the bath and allow them to
mL of pyridine, which has been distilled from phthalic anhy- cool to room temperature.
dride (see 17.1), and shake vigorously until dissolved. The 187 when the bottles have cooled, open the bags, uncap
reagent must stand overnight before use. Reagent that developgm carefully to release any pressure, and then remove the
a color should be discarded. In the blank titration as describegggs,
in the following procedure, exactly 25 mL of thi_s reagent must 1gg To each bottle, add 50 mL of redistilled pyridine and
consume between 95 and 100 mL of 0.808odium hydrox- o 5 mL of the phenolphthalein indicator solution, and titrate
ide. , , , with standard 0.9\ NaOH solution to a pink end point that

17.3 Phenolphthalein Indicator Solutiofi0 g/L)—Prepare  hersists for at least 15 s. It is essential that the net titration
a solution ¢ 1 g of phenolphthalein in 100 mL of pyridine.  pjank minus sample) be between 18 and 22 mL. If it is not,

17.4 Potassium Acid PhthalateUse material that is trace- oneat the determination, adjusting the sample size accordingly.
able to the National Institute of Standards and Technology. 18.9 Acidity or Alkalinity Correctior—If the sample con-

17.5 Sodium Hydroxide, Standard Solutigf.5 N)— Pre- tains sianificant acidity or alkalinity. the result must be
pare a 0.5N solution of sodium hydroxide (NaOH) and cc;rrecté?:i ;IS foIIowsI. d sl b )

standardize as follows: 18.9.1 Weigh into a 400-mL Erlenmeyer flask an amount of

17.5.1 Crush (do not grind) about 10 g of potassium acidS :
. .- sample equal to that taken previously for the hydroxyl deter-
phthalate (KHG H, O,) to approximately 100 mesh and dry it mination. Add to the flask 75 mL of redistilled pyridine, 75 mL

for1 to 2h at_lOO C.Place ina glasg—stoppered container an%f distilled water, and 0.5 mL of phenolphthalein indicator
cool in a desiccator. Accurately weigh @ & g of thedried ﬁolution
A .

potassium acid phthalate and transfer it to a 500-m flask th 18.10 Acidity Correction—If the solution is colorless, titrate

has been swept free of carbon dioxide. Add 200 mL of Wate(Nith standard 0.IN NaOH solution to a pink end point that

that is free of carbon dioxide, stopper the flask, and swirl it . U
PP persists for at least 15 s. Make a blank titration on the reagent
mixture described in 18.9.1, omitting the sample. The acidity
, _ o correction, mg KOH/g, is calculated as follows:
12 Available from Flaherty-Kennedy Fabrics, 1453 Springfield Ave., NJ, Style
No. 907, Code FFF-63-D. Acidity correction= [(A — B)N X 56.1)/W (11)
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where: Since the calculated weight will be near the maximum

A = NaOH solution required for titration of the sample, permitted by the test method, adhere closely to the indicated
mL, weight.

B = NaOH solution required for titration of the blank, mL, 25.2 Accurately pipet 25 mL of the phthalic anhydride-

N = normality of the NaOH solution, and pyridine reagent into each flask. Swirl the flask to effect

W = sample used, g. solution of the sample. Put the air condensers in place, and

18.11 Alkalinity Correction—If the solution in 18.9.1 is place the flasks in an oil bath, maintained at 112°C, for 1
pink, titrate to the disappearance of the pink color with .1 h. Keep sufficient oil in the bath to cover approximately one
HCI, and then add 1.0 mL in excess. Back titrate with standar¢half of the flask.

0.1 N NaOH solution to a pink end point that persists for at 25.3 After the heating period, remove the assembly from the
least 15 s. Titrate with 0. NaOH solution a blank containing bath and cool to room temperature. Wash down the condenser
exactly the same amount of added OIHCI and the reagent with 50 mL of redistilled pyridine, and remove the condenser.
mixture described in 18.9.1, omitting the sample. The alkalin-Add 0.5 mL of phenolphthalein indicator solution and titrate
ity correction, mg KOH/g, is calculated as follows: with 0.5N NaOH solution to a pink end point that persists for
Alkalinity correction= [(B — ANX 56.1/W (12) atleast15s. _ o
where the terms are as defined as in 18.10 _25.4 Run. a blank in the same manner, omitting the sample.
e It is essential that the net titration (blank minus sample) be
between 18 and 22 mL. If it is not, repeat the determination,

19. Caleulation adjusting the sample size accordingly.

19.1 See Section 12. 25.5 Acidity or Alkalinity Correctior—See 18.9.
20. Report 26. Calculation

20.1 See Section 13. 26.1 See Section 12.
21. Precision and Bias 27. Report

21.1 See Section 14. 27.1 See Section 13.

28. Precision and Bias
28.1 See Section 14.

22. Interferences TEST METHOD D—IMIDAZOLE-CATALYZED
22.1 Excessive amounts of water in the sample will interfere  PHTHALIC ANHYDRIDE PRESSURE BOTTLE
by destruction of the esterification reagents. If the water
content of the sample exceeds 0.2 %, it is recommended th&®: Interferences
the sample be dried. 29.1 Primary and secondary amines and mercaptans usually
22.2 Primary and secondary amines and higher fatty acidill react quantitatively along with the hydroxyl group. Ter-
react with the reagent to form stable compounds and would b&ary aliphatic amines are sufficiently basic to produce end-

TEST METHOD C—REFLUX PHTHALATION

included in the analysis. point errors in the titration if present in sufficient concentration.
29.2 Tertiary alcohols, higher fatty acids, and easily saponi-
23. Apparatus fied esters interfere.
23.1 Soil Digestion Flasks250-mL capacity, with standard- ~ 29-3 Saturated aldehydes or compounds that produce a free
taper 24/40 joints and 24-in. air condensers. carbonyl group under the conditions of the reaction do not
23.2 Oil Bath, maintained at 115 2°C. interfere. Secondary hydroxyl compounds containing a beta-
23.3 Buret, Normax, bulb, 100-mL capacity. carbonyl group do not esterify but are dehydrated.
29.4 If the water content of the sample exceeds 0.1 %, it is
24. Reagents recommended that the sample be dried.
24.1 Pyridine—See 17.1. 29._5 Free acids interfere_by consuming the s_tandard aII_<aIi
24.2 Phthalic Anhydride (Pyridine ReagentSee 17.2. solution, and strong b_ases_ mterfer_e_ by consuming an equiva-
24.3 Phenolphthaleir(10 g/L)—See 17.3. lent amount of phthalic acid; provisions for determining and
24 4 Potassium Acid PhthalateSee 17 4. applying corrections for the;e mterferenc_es are included in the
24.5 Sodium Hydroxide, Standard Solutigd.5 N)—See test methpd. Some O.f the higher fatty gmds may be converted
175 ' to anhydrides, releasing water which will consume phthalation
reagent.
25. Procedure 29.6 The indicator solution is prepared with pyridine be-

L . cause the usual solvent, alcohol, reacts with the phthalation
25.1 Weigh mtolthe flask.s, by means of a hypodermlcreagent even at room temperature.
syringe or other suitable equipment, the amount of sample, g,

calculated as follows, and weigh to the nearest 0.1 mg. N&80. Apparatus

material must be allowed to touch the neck of the flask: 30.1 Bottles?® pressure, borosilicate glass, approximately
Sample size= 561/estimated hydroxyl number (13) 350 mL.
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30.2 Pressure Bottle Bag¥, heavy fabric, with a draw 32.3 Weigh samples to the nearest 0.1 mg directly into the

string to contain bottle. sample bottles. Calculate the amount required for each sample,
30.3 Buret 100-mL capacity, range of graduated portion 50g, as follows:

mL, 0.1-mL graduations. 561
30.4 Hot Water Bath heated by steam to 9& 2°C, Sample size= Z55 5 imate hydroxyl number (15)

containing enough water to cover the liquid in the sample

bottles. The temperature should be uniform throughout the !f the approximate molecular weight is known, calculate the
bath. sample weight, g, as follows:

approximate molecular weight
100 X number of OH groups per molecule

Sample size= (16)

31. Reagents

311 P_yriding—DistiII from phthalioc anhydr!de’ discarding Note 5—Caution: Since the calculated weight will be near the maxi-
the fraction boiling below 114 to 115°€.Store in brown glass mum permitted by the test method, adhere closely to the calculated

bottles. weight. Use a hypodermic syringe or similar apparatus to contain the
31.2 Imidazole—Reagent grade or equivalent. sample and weigh before and after addition.
31.3 Esterification ReagentWeigh 111 to 116 g of ph-
thalic anhydride into a 1-gt brown bottle. Add 700 mL of
pyridine and shake the bottle vigorously until solution is

32.4 Cap the bottles and swirl them until the samples are
completely dissolved. If necessary, warm the bottles in a steam
bath for several minutes. Enclose samples and blanks securely

cpmplete. Add 16 to 18 g of imidazole apd swirl cargfglly 10 i fabric bags, and place them in a water bath maintained at 98
dissolve. The reagent must stand overnight before it is used, 2°C for 15 min. Maintain sufficient water in the bath to just
Avoid prolonged exposure of the reagent to moisture in the air,

In the blank titration as described below, exactly 25 mL of thisCOVer the liquid in the bottles,
reagent must consume between 95 and 100 mL of 000 32.5 Remove the bottles from the bath and allow them to
sodium hydroxide. cool to room temperature.
31.4 Phenolphthalein Indicator Solutiofi0 g/L)—Prepare ~ 32.6 When the bottles have cooled, open the bags, uncap the
a solution ¢ 1 g of phenolphthalein in 100 mL of pyridine. ~ bottles carefully to release pressure, and then remove the bags.
31.5 Potassium Acid PhthalateNational Institute of Stan- 32.7 To each bottle add 50 mL of redistilled pyridine and 10

dards and Technology standard sample. mL of distilled water and swirl thoroughly. For polyols that
31.6 Sodium Hydroxide, Standard Solutigd.5 N)— Stan-  have good solubility in water, the addition of pyridine may be
dardize a 0.2\ solution of sodium hydroxide as follows: deleted. Wait 2 min, and then add about 0.5 mL of phenol-

31.6.1 Crush, do not grind, about 10 g of potassium acighthalein indicator solution. Titrate with standard BL.Sodium
phthalate to about 100 mesh and dry forol2 h at100°C.  hydroxide to a pink end point that persists for at least 15 s. The
Place in a glass-stoppered container and cool in a desiccatoret titration (blank minus sample) must be 18 to 22 mL. Ifitis
Accurately weigh 4 to 4.5 g of the dried potassium acidnot, repeat the determination, adjusting the sample size accord-
phthalate and transfer to a 500-mL flask that has been swejrigly.
free of carbon dioxide. Add 200 mL of carbon-dioxide-free 32 8 Acidity or Alkalinity Correctior—If the sample con-

water, stopper the flask, and shake it gently until the sample igyins more than 0.05 milliequivalents of acidity or alkalinity,

SOéTlégurCet Ito?pinkhend poinlt.witr}trr]]e ?\l'\sl\é?_'OH SfOIIlIJtion_' 32.8.1 Add 60 mL of redistilled pyridine and 10 mL of
e alculate the normality of the NaOH as follows:  ictijled water to each of two 250-mL Erlenmeyer flasks.

Normality = W/(VX 0.2042 14) 32.8.2 Add 0.5 mL of the phenolphthalein solution.
where: 32.8.3 Neutralize the solution to a phenolphthalein end
W = potassium acid phthalate, g, and point with either sodium hydroxide (about ON) or sulfuric
V = NaOH required for titration of the potassium acid acid (about 0.IN).
phthalate, mL. 32.8.4 Add the amount of sample calculated in 32.3 by
weighing to the nearest 0.1 mg and mix well.
32. Procedure 32.8.5 If the solution is colorless, titrate with standard.5

32.1 Clean and dry the pressure bottles. Make sure that thebdium hydroxide to a pink end point that persists for at least
rubber gaskets are in good condition and that the caps can & s.

fastened securely. Prepare two bottles for duplicate blank 32.8.6 If the solution is pink, titrate with standard M6
determination and two bottles for a duplicate analysis of eacRyifuric acid to a colorless end point.

sample. 32.8.7 Calculate correctiom, as follows:

32.2 Accurately pipet 25 mL of the esterification reagent e i '
into each of the bottles. Use the same pipet for all bottles. Do = M (17)
not allow reagent to contact the gaskets. g of sample

where:
E standard acid or alkali used, mL, and
normality of the acid or alkali.

13 Reagent-grade pyridine has been used successfully without redistillation.
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33. Calculation 35.2.3 Repeatability—In comparing two test results for the
33.1 Calculate hydroxyl number, mg KOH per g sample, asa@me polyol, obtained by the same operator using the same
follows: equipment on the same day, those test results should be judged
(B — AINX 56.1 not equivalent if_t_hey differ by more than thevalue for that
Hydroxyl number= W (18) polyol and Condmo_n-. _ .

35.2.4 Reproducibility—In comparing two test results for
where: the same polyol, obtained by different operators using different
A = NaOH solution required for the sample, mL, equipment on different days, those test results should be judged
B = average millilitre NaOH solution required for the not equivalent if they differ by more than ttg value for that

blank, and polyol and condition. (This applies between different labora-
N = normality of the solution. tories or between equipment within the same laboratory.)
33.2 If correction for acidity was required, apply it as 35.2.5 Any judgement in accordance with 35.2.3 and 35.2.4
follows: will have an approximate 95 % (0.95) probability of being
Corrected hydroxyl number apparent hydroxyl number ~ (19) COfTect.

35.2.6 Other polyols may yield somewhat different results.

(from 33.1) +D. 35.3 For further information on the methodology used in
33.3 If correction for alkalinity was required, apply as this section, see Practice E 691. .
follows: 35.4 Bias—There are no recognized standards on which to

n estimate of bias for this test method.
Corrected hydroxyl number apparent hydroxyl number  (20) base an estimate of bias fo s test method

TEST METHOD E—IMIDAZOLE-CATALYZED

(from 11.9) -D. PYROMELLITIC DIANHYDRIDE METHOD

34. Report 36. Interferences

34.1 Report the hydroxyl number to the nearest 0.1 unit if 36.1 Excessive amounts of water in the sample will interfere

the value is below 100 and to the nearest unit if the value i . N
above 100. Duplicate runs which agree to within 1.3 % are%y destruction of the esterification reagent. If the water content

o
acceptable for averaging (95 % confidence interval). g;r;k:)?est?emcﬁ)rlizdexceeds 0.2%, it is recommended that the

35. Precision and Biasl4 36.2 Primary and secondary amines and higher fatty acids
react with the reagent to form stable compounds and would be

35.1 Precision—Table 1 is based on a round robin con- included in the analysis.

ducted in .1980 per Practice E 891, involving six polyol 36.3 Aldehydes and phenols do not react under the condi-
samples with hydroxyl numbers from 35 to 528 tested bytions of Test Method E. Tertiary alcohols and alkoxysilanes
twelve laboratories. For each polyol, all of the samples Were .o rfere by reacting 50 to 60 %
prepared at one source, but the individual specimens were '
prepared at the laboratories that tested them. Each laboratogy. apparatus
obtained two test results for each material on each of two 37.1 Flasks iodine, 250-mL
separate Qays. The results were then calculated in accordanc%7'2 Cylinders graauated iOO-mL
with Practice E 180. - 37.3 Flasks volumetric, 1000-mL.
35.2 In Table 1, for the polyols indicated and the test results 37.4 Repipets® 50-mL and 10-mL
that are derived from testing two specimens of each polyol on 37'5 Buret 501mL '
each of two separate Qays. - 37.6 Stirrer, magnetic with stirring bars.
35.2.1 S is the within-laboratory standard deviation of the 377 Water bath maintained at 70 to 80°C
averagel, =2.83S . (See 35.2.3 for application of .) ' ’ '
35.2.2% s the between-laboratory standard deviation ofgg Reagents

the averagely =2.835; . (See 35.2.4 for application ¢k ) 38.1 Dimethylformamide (DMF), Technical GradeThe
DMF must not contain more than approximately 300 ppm

] ) water. It can be dried by contacting with 4A molecular sieves,
14 Supporting data are available from ASTM Headquarters. Request RR: D20-

" either batf:hwi_se or, preferably, by passage through a column
packed with sieves.
TABLE 1 Test Method D, Catalyzed Phthalic Anhydride Method: 38.2 PyromeII|t|_c Dianhydride (PMDA) R.eagthVVe|gh.
HydroxI Number Results From Twelve Laboratories, Six Polyols 51_ 9 of PMDA mto_ a 1000-mL volumetric flask. While
Sample Vioan S s, ; i sv_wr_llng, ad_d approximately _900 mL of dry D_MF. Place a
stirring bar in the flask and stir until the PMDA is completely
A 34.666 0.102 0.476 0.29 1.33 X ) : )
B 57154 0171 0714 0.48 200 d|§solved (the sqluuon may remain hazy). Dilute to volume
C 468.160 1.530 5.680 4.28 15.90 with DMF and mix. Transfer, under a nitrogen atmosphere, to
D 528.430 2.020 5.720 5.66 16.02
E 39.950 0.204 1.031 0.57 2.89
F 54.128 0.677 0.804 1.90 2.25

15 Available from Labindustries, Inc., 620 Hearst Avenue, Berkeley, CA 94710.
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the reservoir of the 50-mL repipet. Allow this solution to stand 39.7 Add 10 drops of thymolphthalein indicator solution

overnight before use. This amount of reagent is sufficient forand titrate the contents of each flask with O\6sodium

approximately eight samples and blanks, each in duplicatdhydroxide to a faint blue end point which persists for 15

Larger amounts of reagents may be prepared and stored undsconds.

a nitrogen atmosphere for as long as one week. 39.8 Should a corrected hydroxyl number be desired, pro-
38.3 Imidazole ReagentWeigh 105 g of IMDA into a ceed as follows:

1000-mL volumetric flask. Add approximately 900 mL of dry  39.8.1 Weigh a third sample into a 250-mL iodine flask.

DMF. Place a stirring bar in the flask and stir until the IMDA  39.8.2 Add a neutralized mixture consisting of 50 mL of

is completely dissolved. Allow the solution to come to roomisopropanol, 75 mL of water, and 10 drops of thymolphthalein

temperature, dilute to volume with DMF, and mix. Transfer, indicator solution. Swirl to dissolve the sample.

under a nitrogen atmosphere, to the reservoir of the 10-mL 39.8.3 If the solution is blue, titrate with standard acid

repipet. This amount of reagent is sufficient for approximatelysolution; if the solution is colorless, titrate with standard alkali

eight samples and blanks, each in duplicate. Larger amounts eblution.

reagents may be prepared and stored under a nitrogen atmo-39.8.4 The acidity or alkalinity correction to be applied is

sphere for as long as one week. calculated in 40.2.
38.4 Thymolphthalein Indicator Solution (10 gA-)Prepare _
a solution 6 1 g of thymolphthalein in 100 mL of alcohol. ~ 40. Calculation

38.5 Potassium Acid PhthalateNational Institute of Stan- 40.1 Calculate hydroxyl number, mg KOH/g, as follows:
dards and Technology standard sample. (B—A) % N X 56.1
38.6 Sodium Hydroxide, Standard Solutiof®.5 N)— Hydroxyl number= —gsample
Prepare a 0.5 N solution of sodium hydroxide (NaOH) and
standardize as follows: where:

38.6.1 Crush (do not grind) about 12 g of potassium acidB = average mL of NaOH solution consumed by the blanks,
phthalate (KHG H, O,) to a fineness of approximately 100 A = NaOH solution consumed by the sample, mL, and
mesh and dry for 102 h at100°C. Place in a glass-stoppered N = normality of NaOH solution.
container and cool in a desiccator. Accurately weigh 4.5 to 5 g 40.2 Calculate correction, mg KOH/g, as follows:
of the dried potassium acid phthalate and transfer it to a ) C X NX56.1
500-mL flask which has been swept free of carbon dioxide. Correction= —gsample
Add 200 mL of water that is free of carbon dioxide, stopper the
flask, and shake gently until the sample is dissolved. Add
thymolphthalein indicator solution and titrate to a blue end
point with the 0.5N NaOH solution using a 50-mL buret.

38.6.2 Calculate the normality of the NaOH as follows:

(23)

(24)

where:
C = acid or alkali solution used in 39.8.3, mL, and
N = normality of acid or alkali solution.
40.3 Hydroxyl number, mg KOH/g, corrected, for samples
that are originally alkaline (titrated with acid) is obtained by

w . .

Normality = VX 02043 1) f]ldlr);[)aecrt.mg the correction from the uncorrected hydroxyl

where: 40.4 Hy(_jrpxyl numper, mg KOH/_g, corre_ctgd, for _samples

W = KHCgH, O, g, and that are originally acidic (titrated with alkali) is obtained by
V = NaOH required for titration of the KHCH, O,, mL. adding the correction to the uncorrected hydroxyl number.

38.7 Water, distilled or deionized, or equivalent.

38.8 Nitrogen available at low-pressure delivery. 41. Report o
41.1 Report the hydroxyl number to the nearest 0.1 unit if
39. Procedure the value is below 100 and to the nearest 1 unit if the value is

above 100. Duplicate runs which agree within 1.8 % relative

39.1 Into 250-mL iodine flasks, weigh duplicate sampleare acceptable for averaging (95 % confidence interval).

amounts calculated below:
molecular wt of samplex 0.0075 42. Precision and Biast®

(22)
number of hydroxyl groups per mole 42.1 Precision—Table 2 is based on a round robin con-
39.2 By means of a repipet, add 40 mL of PMDA reagent toducted in 1980 per Practice E 691, involving four polyol

g of sample=

each flask including duplicate blanks. samples with hydroxyl numbers from 33 to 539 tested by six
39.3 By means of a repipet, add 10 mL of IMDA reagent tolaboratories. For each polyol, all of the samples were prepared
each flask. at one source, but the individual specimens were prepared at

39.4 Stopper the flasks, swirl to mix, add 2 drops of DMF tothe laboratories that tested them. Each laboratory obtained two
each stopper-well, and place the flasks in a 70 to 80°C wateest results for each material on each of two separate days. The
bath for 10 to 15 min. results were then calculated in accordance with Practice E 180.

39.5 Remove the flasks, add 75 mL of water to each, and
swirl to mix.

39.6 For samples that tend to foam during titration, add a 1 Data supporting the precision estimates are available in the Research Reports
stirring bar and stir vigorously on a magnetic stirrer. file at ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.
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TABLE 2 Test Method E, Pyromellitic Dianhydride Method: 42.2.4 Reproducibility—In comparing two test results for
Hydroxl Number Results From Six Laboratories, Four Polyols the same polyol, obtained by different operators using different
Sample Mean S, Sk I, Ir equipment on different days, those test results should be judged

A 33.251 0.283 1.627 0.79 4.56 not equivalent if they differ by more than thg value for that

B 57.107 0.476 0.903 133 2.53 polyol and condition. (This applies between different labora-

c 475.420 1.830 6.760 5.12 18.93 : : e

s 539.530 5.950 7.890 16.66 2209 tories or between equipment within the same laboratory.)

42.2.5 Any judgement in accordance with 42.2.3 and 42.2.4
will have an approximate 95 % (0.95) probability of bein
42.2 In Table 2, for the polyols indicated and the test resultg.o ot PP o )P y g
that are derived from tes'tlng two specimens of each polyol on 42.2.6 Other polyols may yield somewhat different results.
each two separate days: i : )

. L2 - 42.3 For further information on the methodology used in

42.2.1S is the within-laboratory standard deviation of the , . . X

_ S this section, see Practice E 691.
averagel, =2.83S . (See 42.2.3 for application &f .) 42.4 Bi Th ved dard hich

42.2.2 S, is the between-laboratory standard deviation ofb 4 Blas— erefat:_e n(? rechqgmze sta;]n dar $ on which to
the averaget, = 2.83S; . (See 42.2.4 for application of, .) ase an estimate of bias for this test method.

42.2.3 Repeatability—In comparing two test results for the
same polyol, obtained by the same operation using the sanft: Keywords
equipment on the same day, those test results should be judged43.1 acetic anhydride; esterification; hydroxyl number; ph-

quip h day, th Its should be judged43.1 i hydrid ification; hyd | b h
not equivalent if they differ by more than thgvalue for that thalic anhydride; polyester; polyether; polyol; pyromellitic
polyol and condition. dianhydride; titration

SUMMARY OF CHANGES

Committee D-20 has identified the location of selected changes to this edition of these test methods since the
last issue that may impact the use of these test methods:

D 4274 - 99: scope: “... containing primary and secondary hydroxyl groups.”
(1) In 1.1, added a statement enhancing the description of th@?) In 17.4, restated the reference to a standard sample.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



