[‘IM’) Designation: D 789 — 98

ull

INTERNATIONAL

Standard Test Methods for
Determination of Relative Viscosity and Moisture Content of
Polyamide (PA) *

This standard is issued under the fixed designation D 789; 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 * to the material being tested. Classification System D 4000 lists

1.1 These test methods cover the determination of relativE'aterials that would be applicable to the tests contained in
viscosity and moisture content as they apply to polyamiddhese test methods.
(PA). 5.

1.2 The values stated in Sl units are to be regarded as the ; )
standard. The values given in parentheses are for information -1 Test specimens for the various tests shall conform to the
only. requirements prescribed herein.

1.3 This standard does not purport to address all of the6_ Number of Tests

safety concerns, if any, associated with its use. It is the . o .
responsibility of the user of this standard to establish appro- 6.1 Duplicate determinations, using two separate samples,

priate safety and health practices and determine the applicaSha!l & considered sufficient for testing each molding powder
bility of regulatory limitations prior to use. For a specific Patch or resin lot.
statement on safetgee 10.4 7. Sampling

Test Specimen

Note 1—There is no similar or equivalent ISO standard. 7.1 Unless otherwise agreed upon between the purchaser
and the seller, sample the materials in accordance with the

2. Referenced Documents sampling procedure prescribed in Practice D 1898. Adequate

2.1 ASTM Standards: statistical sampling shall be considered an acceptable alterna-
D 883 Terminology Relating to Plastits tive. A batch or lot of resin shall be considered as a unit of
D 1898 Practice for Sampling of Plastics manufacture as prepared for shipment and may consist of a

rials®
3. Terminol 8. Conditioning
' ermmg F)gy o _ 8.1 Test Conditions-Do not remove samples from sealed,

are in accordance with Terminology D 883.
— TEST METHODS
4. Significance and Use

4.1 These test methods are intended for use as control ad Relative Viscosity
acceptance tests. They may be used also in the partial evalua-9.1 General—Determine the relative viscosity of the nylon
tion of materials for specific end uses and as a means fquolymer by either the pipet viscometer method (9.2) or the
detecting changes in materials due to specific deterioratingrookfield viscometer methdd(9.3). The pipet viscometer
causes. method is the referee method.

4.2 Since some materials require special treatment, refer- 9.2 Pipet Viscosity
ence should also be made to the ASTM test methods applicable 9.2.1 Apparatus

9.2.1.1 Constant-Temperature Water Basgt to operate at
25+ 0.1°C.

1 These test methods are under the jurisdiction of ASTM Committee D20 on i : :
Plastics and are the direct responsibility of Subcommittee D20.15 on Thermoplastic 9.2.1.2 Precision Thermometekalibrated, for use in the

Materials (Section D20.15.09). water bath.
Current edition approved Nov. 10, 1998. Published January 1999. Originally

published as D 789 — 44 T. Last previous edition D 789 — 97. -
2 Annual Book of ASTM Standardgl 08.01. 4 A Brookfield viscometer is available from Brookfield Engineering Laborato-
2 Annual Book of ASTM Standardggl 08.02. ries, Inc., 240 Cushing St., Stoughton, MA 02072.

*A Summary of Changes section appears at the end of this standard.
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9.2.1.3 Pipet Viscometegalibrated, 25-mlL>. where:

9.2.1.4 Ostwald Viscometercalibrated. f,o, = kinematic viscosity of S-20 oil, mfs (cST)t,o,

9.2.1.5 Pycnometercalibrated, 50-mL. fso = kinematic viscosity of S-60 oil, mfs (CST)t4,

9.2.1.6 Automatic Pipetcalibrated, 100-mL. t,o = average efflux time of S-20 oil, s, and

9.2.1.7 Erlenmeyer Flasks250-mL, heat-resistant glass.  ts, = average efflux time of S-60 oil, s.

9.2.1.8 Shaking Machine This value shall be used in calculating the relative viscosity
9.2.1.9 Rubber Bulbs of a polymer solution, as shown in 9.2.7.

9-2-1-10“"_“3“ accurate to_0.2 S . 9.2.4 Calibration of Ostwald ViscometerAdd to the vis-
9.2.1.11 With the exception of the pipet and OstwaldCometer 10 mL of Oil S-3 at approximately 25°C from a
viscometers, apparatus capable of equivalent accuracy may 98Iumetric pipet. Immerse the viscometer in the constant-
Sug_szt_ltzuggégems and Materials tempgrature bat.h at 25 0.1°C and allow !t to remain at least
9.2.2.1 Acetone commercial grade. 20 min. Apply air pressure to the large dlame_ter leg by means
of a rubber bulb until oil is above the upper timing mark. Allow

9.2.2.2 Chromic Acid Cleaning SolutieaDissolve sodium he oil to flow d R i h h
dichromate NgCrO,- 2H,0, technical grade, in concentrated (€ !l to flow down. Repeat several times to ensure thoroug

sulfuric acid (RSO, sp gr 1.84). wetting of the viscometer. Again, force oil above the upper
9.2.2.3 m-CresoIg, having a viscosity of 12.83 cP at 25°C timing mark, and observe the time (to 0.2 s) required for the
and a density of 1_’02& 0.0011 g/mL at 25°C. liquid to fall from the upper timing mark to the lower timing

9.2.2.4 Formic Acid (90 + 0.2 %Y—Clear, water-white. ~Mark. Repeat until three successive values agree within 0.5 %,

ACS-grade formic acid with the following additional require- @nd record the average for Oil S-3 at 25°CtasRemove the
ments: Methyl formate content 0.2% maximum; densityViscometer from the bath, clean and dry the inside surfaces

1.1985+ 0.001 g/mL at 25°C; viscosity 1.56° 0.02 cP at thoroughly, and repeat the above procedure, using 10 mL of

25°C. 90 % formic acid. Record the average efflux time &s
9.2.2.5 Standard Viscosity Oils-Use Cannon Instrument Calculate the absolute viscosity of the 90 % formic acid as

Company standard viscosity oils S-3, S-20, K-50, S-60, andfollows:

S-200. The approximate kinematic viscosities at 25°C are 4.0, =1, -d -t )

35, 90, 120, and 480 cSt, respectively.

9.2.2.6 Stopcock Lubricant. where:

9.2.3 Calibration of Pipet ViscometerUse Oil S-20. As- s
semble the pipet viscometer so that the lowest mark on thet
pipet aligns with the 50-mL mark on the reservoir to the pipet. N3
Place the assembly in the water bath adjusted to a temperatug
of 25+ 0.1°C. After at least 20 min, apply air pressure to the '
reservoir or vacuum to the capillary, by means of a rubber bulb,
to drive the oil up into the pipet above the upper timing mark. ' , )
Place a finger over the top of the pipet, and release the pressured-2-5 Preparation of Solutions
by opening the system to air. Remove the finger and allow 9.2.5.1 Preparation of Nylon Polymer-Formic Acid
pipet to drain. Repeat at least three times to wet the pipeBolutions—Weigh 11.00 g of nylon polymer into a clean, dry,
thoroughly, and then record the time (to 0.2 s) for the liquid250-mL, ground-glass stoppered Erlenmeyer flask (see Note
level to fall from the upper timing level to the lower. Determine 2). Add, by means of the calibrated 100-mL automatic pipet,
the efflux time,t,, repeating until three successive values100 mL of 90 % formic acid at 25 1°C. Slowly shake the
agree within 0.5%, and record the average. Repeat thitask while adding the acid to prevent the polymer from
procedure with Oil S-60 to obtaig, Calculate the viscometer forming a gelatinous mass. Set the flask in an oven at 50°C for
tube factor as follows: 15 min, if needed, to obtain complete solutions. Then put

tube factor= (fg + fs0)/2 (1)  stopcock lubricant on the glass stopper, insert it tightly into the
flask, and place the flask and contents on a shaking machine.
Agitate until the solution is complete (see Note 3).

> Drawing No. 66-1644, available from the Scientific Glass Apparatus Co., 51 .
Ackerman St., Bloomfield, NJ 07003, 9.2.5.2 The procedure for the preparatiomedlkoxy-alkyl

®The compoundn-cresol is used witm-alkoxyalkyl nylon 6:6 resin because NYlon 6:6 and nylon 6:12 polymers im-cresol is the same as
formic acid tends to crosslink this nylon. Itis used with nylon 6:10 resin because ofor the preparation of formic acid solutions, except that the

this nylon’s insolubility in formic acid. It is available as No. 5072 from Matheson, ; ;
Coleman, and Bell Co., East Rutherford, NJ 07073, quantity of nylon polymer shall be 9.44 g instead of 11.00 g,

7 Available in drums from Union Carbide Corp., Chemical and Plastics Div., @nd themrcresol shall be specified as the solvent instead of
Moorestown, NJ 08057. Available in smaller quantities from Polyscience, Incorpoformic acid.
rated, Paul Valley Industrial Park, Warrington, PA 18976. Matheson, Coleman, and
Bell 97 to 100 % formic acid, diluted with water and checked by titration to  Note 2—The polymer should contain less than 0.28 % moisture. If it
90.0 0.2 %, has also been found satisfactory. contains more than 0.28 %, the polymer should be dried. Normally, drying

8 Suitable standard viscosity oils are available from Cannon Instrument Co., P.O o~ i ° .
Box 16, State College, PA 16801. at 70°C in a vacuum for 4ot6 h or90°C for 20 min is adequate.

9“Cello-Grease,” available from the Fisher Scientific Co., 717 Forbes St, Note 3—Heating may be continued for a maximur ® h while
Pittsburgh, PA 15219, has been found satisfactory for this purpose. shaking at a temperature not exceeding 50°C.

absolute viscosity of formic acid, &P s (cP),
viscometer tube factor, mifs (cSt)/s =n,/ts,

kinematic viscosity of Oil S-3, mafs (cSt),

average efflux time for Oil S-3 at 25°C, s,

density of 90 % formic acid at 25°C, g/mL, = 1.1975,
and

= average efflux time for 90 % formic acid at 25°C, s.
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9.2.6 Procedure—Fill the reservoir bottle of a dry, clean  9.3.1.1 Constant-Temperature Water Batet to operate at
pipet viscometer to the 50-mL mark with the nylon polymer-25 =+ 0.1°C.
formic acid solution. Insert the pipet and reservoir top and 9.3.1.2 Precision Thermometecalibrated, for use in water
fasten securely. Determine the efflux tintg, as described in  bath.

9.2.4. 9.3.1.3 Brookfield Synchro-Lectric Viscometer, Model LVF
9.2.7 Calculation of Relative ViscosiyThe relative vis- 9.3.1.4 Viscometer Cannon-Fenske type, Size 75, uncali-
cosity,m,, is the ratio of the absolute viscosity of the polymer prated.
solution to that of the formic acid: 9.3.1.5 Automatic Pipet200-mL.
M = () = (f; -y t)img 3) 9.3.1.6 Shaking Machingreciprocating type.

9.3.1.7 Stopwatchhaving divisions of at least 0.1 s or 0.01

where: in and f at least 0.05 %
d, = density of formic acid-polymer solution at 25°C (see M1 @Nc accuracy of at least 9.1 %. _ _
9.2.8), and ~ 9.3.1.8Bottles 8-0z, round, wide-mouth with caps contain-
t, = average efflux time for formic acid-polymer solution, ng Polyethylene liners.
S. 9.3.1.9 With the exception of the Brookfield and Cannon-

Calculate the relative viscosity of-alkoxyalkyl nylon 6:6 Fenske viscometers, apparatus capable of equivalent accuracy

and nylon 6:12 resins using-cresol as the comparison base, My be substituted. _ o
not formic acid. Substitution of proper constants in the calcu- 9-3.2 Reagents and MaterialsSame as described in 9.2.2.

lation formulas will then be necessary. 9.3.3 Determination of Absolute Viscosity of Formic Acid
9.2.8 Density of Nylon Polymer-Formic Acid Solution 9.3.3.1 Add 10.0 mL (pipet) of 9& 0.2 % formic acid (at
9.2.8.1 Prepare the nylon polymer-formic acid solution ag?>-0* 0.5°C) to a Size 75 Cannon-Fenske viscometer. The

described in 9.2.5.1. viscometer may be calibrated as described in 9.3.3.3. Suspend

the viscometer from the lid of the constant-temperature water

Note 4—Calibration of the pyknometer used to determine density ishath in a vertical position so that the upper bulb is well-
made by repeating the procedure specified in 9.2.8.2 and 9.2.8.3, usifghmersed in the bath at 25 0.1°C. Allow 20 to 30 min for
distilled water in place of the nylon polymer-formic acid solution. temperature equilibrium to be reached. Apply suction (bulb or

9.2.8.2 Weigh (to+0.1 mg) a clean, dry, calibrated 50-mL vacuum) to the small leg of the viscometer and draw the liquid
pyknometer, and fill it with the nylon polymer-formic acid above the upper timing mark. Allow to drain. Repeat twice to
solution at a temperature slightly below (1 to 2°C) the testensure complete wetting of the tube. Observe and record the
temperature. Stopper or cap the pyknometer, leaving th#me required for the meniscus of liquid to fall from the upper
overflow orifice open. Take care to prevent the formation oftiming mark to the lower timing mark. Repeat until three
bubbles in the pyknometer. Immerse the filled pyknometer (theuccessive readings agree within 0.5 %. Average the results;
neck of the pyknometer shall be above the water line) into aecord the efflux time as.
constant-temperature water bath, maintained at-Zb1°C. 9.3.3.2 Calculation of Absolute Viscosity for Formic Acid
Allow 20 to 30 min for temperature equilibrium to be reached. =1 d g ©)

9.2.8.3 Remove the pyknometer from the water bath, and
wipe away any overflow with paper towels or other absorbentwhere: ) ) )
material, taking care not to remove any subsequent overflows = Viscosity of formic acid, kR - s (cP),

that may be caused in this step. Dry the pyknometer thor-'t tube factor, mrffs (cSt)/s (9.3.3.3),
oughly, gnd wei;t? iménedi;?eixi(g.l rr%) Py ' r d density of formic acid at 25 0.1°C, g/cni = 1.1975,

9.2.8.4 The density of the nylon polymer-formic acid solu- _ and

. . . . . = efflux time of formic acid, s.
tion, in grams per cubic centimetre, is calculated by the ' N .
following formulas: 9.3.3.3 Calibration of Viscometer, Cannon-Fenske, Size

75—Determine the efflux time of the standard Cannon viscos-

d ="M ) ity Oil S-3, following the procedures of 9.3.3.1. Record the
PV efflux time ast.
and = oty )
V= WdW% (5) where:
f, = tube factor, mr's (cSt)/s,
where Mg = Viscosity of S-3 oil, mri/s (cSt), and
m, = mass of pyknometer and nylon polymer-formic acid ta« = efflux time of S-3 oil, s.
solution, g, 9.3.4 Determination of Relative Viscosity of Nylon-Formic
m, = mass of empty pyknometer, g, Acid Solutions
V= volume of water at 25°C, cin 9.3.4.1 Using an automatic pipet, add 200 mL of
m, = mass of pyknometer and water, g, and 90+ 0.2 % formic acid to an 8-0z screw-cap bottle with a
d, = density of water at 25°C (0.9970), g/ém metal cap, containing a polyethylene liner. Weigh22.01 g
9.3 Brookfield Viscometer of nylon polymer and add to the formic acid in the 8-oz bottle.
9.3.1 Apparatus (Use care to avoid splashing formic acid out of the bottle.)
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Allowing the cap to remain loose, heat the mixture to |R
50 + 5°C, using any convenient method. BV,
9.3.4.2 Tighten the cap thoroughly, and place the sample irF
the shaker. Agitate until all the nylon is in solution. Then place
the bottle in a constant-temperature bath maintained at

instrument reading,
Brookfield viscosity of the solution, cP, and
spindle factor from the following table:

Speed, r/min
25+ 0.1°C for not less than 1 h. Spindle 12 30 60
9.3.4.3 Some nylons that dissolve slowly may be subject to ; 22 15 é
time-temperature effects. To avoid possible degradation, mate- 3 100 40 20
rials having relative viscosities above 200 should not be 4 500 200 100

heated. The supplier's recommended procedures for dissolving g 3 g calculation of Relative Viscosity of the Nylon-Formic
should be followed in such cases. Acid Solution

9.3.4.4 Select the spindle and speed according to the ex-

pected viscosity of the solution by using the following table: RV= (ngny) = [(BV;-Ging] (10)
Spindle Number for Indicated where:
RV BVs 60 Speegé” min 1 R, = relative viscosity of the nylon-formic acid solution,
5_61 9-100 1 mn; = absolute viscosity of formic acid, 9.3.3.2,
61-122 100-200 1 ms = absolute viscosity of nylon-formic acid solutions,
122-305 200-500 2 1 BV, = Brookfield viscosity of the solution, kP- s (cP)

(9.3.5), and

Where a choice of two spindles is given, it is more 5.9), ) )
calibration factor (the instruments should be cali-

convenient to use the smaller-numbered spindle and change tHer fac . ‘ ) i
speed than to change spindles. The same spindle and speed brated periodically against standard viscosity oils;
should be used for similar viscosity level polymers. see 9.3.7).
9.3.4.5 Immerse the spindle and guard of the calibrated 9.3.7 Calibration of Brookfield Viscometer
Brookfield viscometer and adjust to the immersion mark. (See 9.3.7.1 Select the standard viscosity oil closest or within
9.3.7 for calibration of the Brookfield viscometer.) (The 10 % of the absolute viscosity level of the nylon-formic acid
temperature of the spindle and guard should be maintained gblution to be tested. Make sure the height of the oil in the 8-0z
25+ 0.1°C by keeping them immersed in a bottle of water inbottle is the same as that of the nylon-formic acid solutions.
the bath between uses and wiping them dry before using.) (The Brookfield viscometer is factory-adjusted to read viscosi-
9.3.4.6 Observe the spindle to see if air bubbles are clinginges within 1 % of the absolute, provided that the measurements
to it. Remove adhering air bubbles by removing and replacingire made in a container that is at least 76 mm (3 in.) in diameter
spindle, or with a wire (avoid scratching spindle). Level theand the spindle is properly centered in the container. The
instrument. (Tilt the No. 1 spindle while immersing it to calibration must be performed in the same size container used
prevent trapping air on the bottom of the spindle.) Depress théor testing the nylon-formic acid solution. Using the standard
clutch and turn on the motor. (Depressing the clutch first8-oz bottle, the calibration fact¢€;) will be about 0.96 for an
prevents unnecessary wear.) Adjust the proper spindle spee@istrument in good repair.)
(Set the speed regulator when the instrument is in motion, not 9.3.7.2 Determine the instrument reading of the oil follow-

when stopped.) Release the clutch and allow the spindle tgig 9.3.4.1. The calibration factor for the instrument is:
rotate until the pointer stabilizes at a fixed position on the dial. C=TV,BV, (11)

(This requires about 30 s for 50 RV, it may require several
minutes for 200-RV materials.) Depress the clutch, and whenyhere:

the pointer comes into view, stop the motor. (If the pointer goesC,
to the full-scale limit, reduce the speed stepwise until theTV,
pointer stays on scale. If the pointer goes to full-scale limit at BV,
the lowest speed, change to the next higher-numbered spindle.)
9.3.4.7 Read the position of the pointer on the dial, estimat-

calibration factor,

true viscosity of the oil, kB - s (cP), and
Brookfield viscosity of the oil (instrument reading
corrected for speed and spindle factorsaki (cP);
see 9.3.5).

ing to the nearest 0.1 scale division. Take one reading if the RV 9.3.8 Precision—Relative viscosities by the Brookfield vis-

is reported to the nearest whole number. Take four readings dometer are comparable to those obtained by the pipet viscom-
the RV is reported to the nearest 0.1 unit, and report theter, both instruments being calibrated against viscosity oil
average. (If additional readings are required, start the motostandards. In a laboratory test, a sample measured by the
with the clutch still depressed, holding the original reading, andBrookfield method had aX of 49.8 with aSdof 0.53 covering

then release the clutch. This will speed up readings by reducing92 determinations made by 24 operators. The same sample

oscillation of the pointer.)

measured by the pipet viscometer hadXaof 50.4 with aSd

9.3.5 Calculation of Brookfield Viscosity of Nylon-Formic of 0.46 in a test of 20 determinations made by five operators.

Acid Solution
BV, = (IR, —0.4) X F for 60 r/min
BV, = (IR) X F for 30 r/min or 12 r/min

®)
)

where:

10. Moisture Content

10.1 The procedure described in 10.2-10.8 is expected to be
sufficient to meet most equipment and test operation needs,
without sacrificing the quality of measurement intent. In cases
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of dispute, in which test results may differ significantly, the 10.4.6 Grease for sealing ground-glass joints;

following additional conditions are to be specified: 10.4.7 Deionized Wateror water of equivalent purity; and
10.1.1 Reagents-Fresh containers filled to optimum vol-  10.4.8 Anhydrous Methanol
umes. 10.5 Safety
10.1.2 Sample Weight1 g (min), weighed ta=1 mg. 10.5.1 Avoid unnecessary inhalation or contact with re-
10.1.3 Oven Temperature-200 £ 1°C. agents.
10.1.4 Sensitivity ~ (instruments  with  automatic 10.5.2 Wear gloves when handling hot materials.
calculation)—0.1. 10.5.3 Observe normal laboratory rules.

10.2 Principle—Samples are heated to vaporize water 10.5.4 If large volume of pyridine is used, work should be
which is transported by nitrogen carrier gas to the titration cellconducted under a hood.
The moisture collected is then determined by Karl Fischer 10.6 Standardization of Karl Fischer Reagent
Reagent titration based on the reduction of iodine by sulfur 10.6.1 Dilute Karl Fischer Reagent with diluent to the
dioxide in the presence of water to form sulfur trioxide anddesired level. A water equivalency of 1.0 to 1.8 pL/g has been
hydriodic acid. found satisfactory for most applications.
I, + SO, + H,0 — 2HI + SO, (12) 10.6.2 Add sufficient methanol to cover electrodes in titra-

. . . . tion cell.

10.2.1 End-point detection for calculation of moisture con- i . . . .
tent is made by visual (colorimetric) observation or by instru- 10'6't3 Tlctjrate todttr;]e entlj point Wgh (dllylllt_ed)tKarI Fischer
mented electrochemical methods, which is preferred. Potenticf—ei%eg4a2_ll recc?LrO Le volume us_;eh n T' |medres. d th
metric or amperiometric-detection modes have been found ~-: ™ a 19-HL syringe with water and recor €

satisfactory in determinations of moisture content. However‘,’ve'ght' Inject 5 L of water into the titration reservoir and

for precise measurement of samples with low moisture, Comr_ewe|gh th? syringe. Record the difference |n.we|ght/\£@. .

bining coulometry with the Karl Fischer Reagent titration is 10.6.5 Titrate the added water to the Karl Fischer end point
recommended. Unlike the usual Karl Fischer Reagents thaﬂr?d_ record the volume of Karl Fischer _reagent used in
include iodine, the coulometric technique electrolytically gen_mllhmetres. Subt_ract the volume recordt_ad in 10.6.3 from the
erates iodine with 10.71 C of generating current correspondin olume of Karl Fischer reagent used to titrate the added water

to 1 mg of water in accordance with Faraday’s Law. nd record a¥/KF.
g y 10.6.6 Calculate the Karl Fischer Equivalent num@&tE)

21+ 2e- 1, 13)  as follows:
Note 5—Some compounds such as aldehydes and ketones interfere in KFE = WO/VKF = mg water/mL of Karl Fischer reagent
KFR determination. (14)
10.3 Apparatus 10.7 Sample Preparatian

10.3.1 Heating Unit consisting of an oven capable of 1071 Samples for moisture determination should be re-
heating the sample to 300°C, a heating tube, a temperatugined in glass vials with plastic screw-top caps having
control unit, and a carrier gas flowmeter desiccating tube;  gluminum foil-backed paperboard liners. The cap must be

10.3.2 Sample Pan("Boat”)—Single-use aluminum foil taneq in place after tight closure using two turns of vinyl
may be used to hand-fashion a suitable boat of sufficient size tgjectric tape.
contain sample and fit into the heating tube; 10.7.2 Vials with foil-lined caps, 107 by 28 mm in diameter,

10.3.:_3 Karl FiSCheI’_ Titration Unit consisting of reage_nt will hold 20 to 30 g of polymer (depending on size and shape
reservoir, reagent-delivery system, electrode(s), magnetic stigt pieces).

rer, and stirrer bar; 10.7.3 Transfer the samples quickly to avoid undue expo-

10.3.4 Precision Balance0.1-mg accuracy; and sure to the atmosphere.
10.3.5 Ordinary Laboratory Equipment 10.8 Test Procedures
10.4 Reagents 10.8.1 Determination of Blank

10.4.1 Karl Fischer Reagentminimum water equivalent of

10.8.1.1 Place the dry, clean sample pan into the heating
5.0 mg of water/mL;

tube, omitting only the sample.
Note 6—Hydranal Karl Fischer reagents are recommended for volu- 10.8.1.2 Turn on the heating and titration unit. (Set heating
metric and coulometric titrations. These reagents do not contain pyridineunit to the temperature to be used in running sample.) Adjust

are nontoxic, very stable, and have no offensive odor. carrier-gas-flow to 300 cAmin.
10.4.2 Karl Fischer Diluent Reagent; 10.8.1.3 Record titration valve &
10.4.3 Nitrogen Gas containing less than 5 ug/g water as  10.8.2 Testing of Sample
purge gas; 10.8.2.1 Weigh sample (weight depends on expected water
10.4.4 Silica Gel Granulesapproximately 2 mm, desiccant content) into the sample pan (“boat”) and place in the heating
for drying tube of titration tube assembly; tube.
10.4.5 Phosphorus Pentoxide or Sicapthtor drying car- 10.8.2.2 Turn on heating unit (see 10.9 for selection of
rier gas; temperature). Adjust carrier-gas-flow to about 300%/onin.

Titration must be started as soon as the sample is placed in the
heating tube and not delayed until the selected temperature is
10 A trademarked product of Merck. Available from E. M. Science Products. reached.
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10.8.2.3 Calculate the sample water content as follows:

Percent water= (V — B X KFE/WS X 100 (15)
where: (4),”
\% = volume ofKFR used, mL, .
B = volume ofKFR used for blank, mL, §
KFE = Karl Fischer equivalent, and g
. Q
WS = weight of sample, mg. "
Note 7—Some equipment has automatic calculation capability. § .

10.9 Selection of Optimum Heating Temperature ) @
10.9.1 Select optimum heating temperature for material to
be tested by carrying out tests in several different temperatures

to make a curve as shown in Fig. 1.

10.9.1.1 In the range from 1 to 2, the water in the sample is
not vaporized sufficiently so that the water content indicated
increases in proportion to the temperature.

10.9.1.2 Between 2 and 3, the water content measured
appears nearly constant and is considehedoptimum heating
temperature rangéor determining moisture content.

10.9.1.3 Water content appears to increase between 3 and 4.
This is probably caused by the generation of water due td2- Keywords

thermal decomposition of the sample. ~_ 12.1 Brookfield viscosity; coulometry; density of nylon
10.9.1.4 Measurement of time is also a consideration imolymer-formic acid solution; Karl Fischer; moisture content;
selection of the optimum heating temperature. optimum heating temperature; pipet viscosity; relative

11. Precision and Bias viscosity

11.1 Atask group is being formed to establish a precision
and bias statement for the moisture test method. See Table 1 for
information on repeatability of this test method.
TABLE 1 Repeatability for Relative Viscosity

(1)

Temperature

FIG. 1 Optimum Temperature Selection

Material Average Sr SR r R
Nylon 6 140.9 211 5.86 5.90 16.41
Nylon 66 45.4 1.72 2.16 4.80 6.04

SUMMARY OF CHANGES

This section identifies the location of selected changes to these test methods. For the convenience of the user,
Committee D20 has highlighted those changes that may impact the use of these test methods. This section may
also include descriptions of the changes or reasons for the changes, or both.

D 789 —98: (2) Changed the specification for formic acid density in
(1) Addition of Table 1, Repeatability for Relative Viscosity. 9.2.2.4.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
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