This document is not an ASTM standard and is intended only to provide the user of an ASTM standard an indication of what changes have been madeus tkesfmevBecause
it may not be technically possible to adequately depict all changes accurately, ASTM recommends that users consult prior editions as apibpeaés. dmly the current version
of the standard as published by ASTM is to be considered the official document.

ﬁPIM) Designation: D 5576 — 9460
il

INTERNATIONAL

Standard Practice for
Determination of Structural Entities+eatures in Polyolefins
and Polyolefin Copolymers by FeurierFransform-infrared

Spectroscophotometry
(FT-IR)!

This standard is issued under the fixed designation D 5576; 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*
1.1 This practice-deseribes covers infrared procedures for determining the molecular stractural entities features-in-the polyolefi

chains-{theirquantitativelevels-with-internal{Preecedure A) polyolefins-and-external{Procedure-B)-evaluationforsample thicknes:
are-suggested—n-Appendix—X1). polyolefin copolymers. The strueturat-entities features of primary concern are the types ant
distribution_ numbers of branches. Although this practice centers its attention on polyolefins and polyolefin copolymers, the
techniques, Wlth proper modlflcatlon can be used for some other polymers as WeII

ybe treated |

ponsibility
egulatory

Note 1—Quantitative determinations require either an internal or an external evaluation of sample thickness. ASTM test methods available for specific
features are listed in Tables 1 and 2.

1.2 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and to determine the applicability of the regulatory
limitations prior to use.

Note 2—There is no similar or equivalent ISO standard.

2. Referenced Documents
2.1 ASTM Standards:

1 This practice is under the jurisdiction of ASTM Committee D-20 on Plastics and is the direct responsibility of Subcommittee D20.70 on Analytcisl. Meth
Current edition approved-3ure-15-1994. March 10, 2000. Published-August 1994. June 2000. Originally published as D 5576 — 94. Last previou$ #8litidiD 5

*A Summary of Changes section appears at the end of this standard.
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IEEE/ASTM SI-10 Standard for Use of the International System of Units (SI): The Modern System

3. Terminology

3.1 Definitions— For definitions of plastics terms used in this practice, see Terminology D 883-and-Ferminology D 1600.

3.2 Units, symbols and abbreviations used in this practice appear in Terminology E-43%-e+Practice E 380. IEEE/ASTM SI-10.

4. Summary ofFest-Method

41-Suitable-infrared Practice

4.1 Infrared absorption bands—useful suitable for quantitative analysis by FT-IR are listed in Tables 1. and 2. These are onl
typical bands and are not to be construed as exhaustive.

4.2 SFor quantitative determinations, sample specimen thickness is measured interraly-{(Procedure-A—see-Appendix X1)
some band representing the basic chain structure, sueh-as 1465 Zgﬁ}bfcnpolyethylene, or externaly-{Precedure-B—see
Appendix-X1) using a micromete€ (see Taubles 1 and 2 for ASTM tiest methods).

Note 3—Warning: Molding can cause carbonyl formation due to oxidation; t. This should be checked in the 1700 to ﬁé&mnge.

dard veri by ange, usua
: i e ibration curve

5. Significance and Use

5.1 The structural features expressed by these determinations affect the ultimate polymeric properties and are useful in showir
correlations with many performance properties.

6. Apparatus

6.1 Infrared Spectrophotometeeither double beam or a Fourier transform (FT-IR).

6.1.1 Double-beam infrared spectrophotometer capable 4 cm’ spectral resolution as defined in Practice E 932. The
instrument should be capable of scale expansion along the wavelength axis.

6.1.2 Fourier Transform InfrareeFF-HR)-Speetrophotometer Spectrometith-rerminal-4-eprlcapable of 4 e raga|ytion. The
instrument should be capable of scale expansion along the wavelength axis. Also, see Practice E 1421 for testing procedures

6.2 Hot Plate-{Procedure-A-only). .

6.3 Microscope SlidegProcedure-A-only). .

TABLE 1 FundamPolyolefintat-Structural FeaturesA Determined
by FT-IRNete—1+—Alvalues-in-wavenumbers—

Structure EffeetiveAbsorption internal
Bands Fhi, ckressBardm®=2
Ethylere{E-6) 1465 2619
Ethylene (C-C) 1465 2649ASTM Test Method
Methyl group (polyethylene) 1378 D 2238
Methyl group (eth-prop copol) 1380
Propylene 1380 4325
Pendant methyl 935
Terminal vinyl 908 D 6248
Trans-vinylene 965 D 6248
Vinylidene 888 -
Pendant-unsattration —888-(LDPE) -
{pendant
—methylere)
Pendant unsaturation 888 (LDPE} == 3124
(pendant
methylene)
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TABLE 2 OtherStructural Features in_Polyolef lint-=Copolymer
DestNete +—Altvaltesrmin wavenume-bers:y+T1-IR

EffeetiveAbsorption taternal

Structure Bands, cm-* ASThickaM Tess-B Bast Metine-Rangethod
Vinyt-acetate 1626-(6-to-8%) 26191699-t0-982—
Vinyl acetate 609 D 5994
—6069-(5-t625-%) 665-t0-586
1020 D 5994
3276-(everione)(26-to 3206-t0-3356
46-%)
3270 D 5994
Styrene 770-700 - +456-t0-12560
1600-1500 - 856-t6-660
Ethyl acrylate 1640-1730
1860-to-162 B-3556
862 D 3594
Ethylene acrylate 1280-1200 = 1300-t0-1160
1640-1625 - +706-to-1666

6.4 Laberatery-Pres$Compression-Molding Press, capable-ef-4-8-MPa+{25-600-1bf-and-225°C{ProeedureB only). 200°C.
6.5 BackingMetal Platessteel two, 150 by 150 mm er-alumirum-{(Procedure-B-only). larger, of 0.5-mm thickness with smooth

surfaces.

6.6 Brass-Shim-Steek{(Rell) Ship
enly-approximately 75 by 75 mm, of 0.5-mm thickness Wlth an aperture in the center at Ieast 25 by 38 mm.

¢ Annual Book of ASTM Standardgol 14.02.
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mm (0.5

6—9—M|cr0meteﬁe&pable (optlonal) with thimble graduations-ef-measuring 0.001 mm.

6.8 Film Mounts with apertures at least 6 by 27 mm;-#5-6025-mm—{0-0001-in+—0-1-mit)(Procedure-B-only). hold the

specimens in the infrared spectrophotometer.

7. Materials

g pendix X1)
d v y i are ideal. |

7.1 Polyethylene Terephthalate, Alummum or Matte Finished Teflon-Fiberglass Sheets

8. Hazards

8-1+ForProcedure-B-in-AppendixXi—wear
8.1 Wear gloves when plaques are prepared using a heated-press—Take-care-to-aveid-burns-when-handling-heated microsc

slides-and-the-hotplate;—as-outlined-inProcedure A. press.
8.2 The optical bench of the FT+R—Sﬂee&ephe{emeter spectrometer contains a laser. To avoid eye injury, do not look directly
into the laser beam.

9. Speeimen-Preparation Procedure
9 1 P%eeedtrre—ASample Preparatlon

riform film

- - ROV #tm and blot

9.1.11 1 1 Procedure A

101 1Place-film,prepared-as-deseribed-in-9:1, in
9.1.1.1 Control the—sample—beam hot plate temperature at+1D0°C above the melting temperature of the—T-IR

ion polymer.

0. 1 1 2 PIace a portlon ef—4—9—eﬁ=1

1613 Measure the-abserbance-peak-height{area) for sample on a microscope slide-en-the-bands—+representing hot plate.

9.1.1.3 Cover the-strueturat-feature-ofinterest—The-baselines for sample with another slide and press with a wooden pestle. Ut
firm circular motions to press a uniform film.

9.1.1.4 To quench the-peakstustbe-established: Both pressed polymer film-dip-thepeaks-and-baseline-are-tisted in Table
fer-corresponding-structurat-features.

%9—1—4—ea+ebﬂate—&ﬂy—|=aﬁos two slides carefully into a beake%ef—s%rueftwal—feat—wes—#em—these—pe&lehergh{s (areas).

6 trations of cold water.
e-thrits{Beers-Lambert)).
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40-2-_film and blot dry.

9.1.2 Procedure B

162 1Place-standard-plagues,—prepared-as-deseribed-n 9.2, in

9.1.2.1 Preheat the-sample-beam press to about 50°C above the melting poirt-ef-the-FF-R-speetrophotometer.

16-2:2-Sean polymer.

9.1.2.2 Place a brass shim on-the-infrared-spectrum-with-ne-sample sheet material chosen (see 7-3)-that-inthe-beam 32 time:
at 4.0 cm* resolution and turn, covers a gain setting of 1.0 to obtain a hackground spectrum.

1023 Repeat-10:-22-with-each-standard metal plate.
9.1.2.3 Add polymer in sufficient quantity to completely fill the-beam—Determine-the ratio shim aperture during pressing.

9.1.2.4 Cover with another piece of sheet (see 7.1) and another metal plate.
9.1.2.5 Insert the-sample-spectrum to mold assembly between-the-backgroune-spectrum press platens-and convert apply a sligh

pressure.
9.1.2.6 Allow the-data sample to preheat for about 30 s. Apply-the-abserbaree mode.

10-2-4Determine full press pressure at a temperature approximately 50°C abeve-the-absorbance melting peint-efthe structural

feature-at-the-appropriate-wavelength-selected-from-Table polymerfer-1-by-subtracting min or until all exudation ceases.
9.1.2.7 Turn off the-peak-abserbancefrom heat, turn onthe-baselire-abserbance.

102 5-Usinga-micrometer,—measure cooling water, and allow-the-thickress—{mils)-of-standard-plaques.
16-2-6—Caleulate sample to press quench at full pressure unti-the-absorbance temperature drops below 50°C (or cool enough
to-thickness—ratios—for remove the-structural-feature—using mold assembly by hand).

9.1.2.8 Release the-appropriate-values-of210.2.4 pressure-and 10.2.5.
Nore4—tquantitative-refations remove the sample.

9.1.2.9 Select plaques that are—needeel—eheeleAppmﬂp@(—l—(Plet—pea%height ratios cIear—and—ef—]:O—z—é—verus—knewn structural
feature-eoncentrations uniform thickness for-the v less than 1.

{Beers-Lamberttaw)).
H-—Procedure
11-3Procedure-A FT-IR analysis. To avoid interference fringes in the spectrum, the plaque/film surfaces must be slightly

dimpled.

9.2 Spectral Measurements

-1 Prepare

9.2.1 Place the sample-films-as-deseribed-in-9-3-then-placefilms-inthe--R-sample beam.

11-3-2Reeord infrared spectrophotometer.

9.2.2 Set the controls of the infrared spectrophotometer for quantitative conditions with a good signal to noise ratio and
satisfactory repeatability. For a FT-IR, a spectral resolution of 4*and an apodization function (Beer-Norton medium and
Happ-Genzel have been found to be appropriate) that gives good guantitation should be used.

9.2.3 Record the infrared spectrum from 4006-te- 450 500 @ha nominal resolution of 4.0 crh—.

1113 Measure-the-abserbancefer all

9.2.4 Determine which structura-features-using-appropriate-baselines-aslisted-in-Table 1.
Note5—if-guantitativeretations feature(s) are-needed—¢aleulate present and setectthe-peakheightratios,-appropriate, appropriate ASTM method

for quantitative determination.

10. Calculation

10.1 If no standard method is available and an estimate efthe-structurat-featuresin-tt-1-3—+Forfurtherdetails;see-Appendix X1.

112 Procedure B

1123 Prepare-sampleplagues-as-deseribed-in 9.2.

112 2-Using-a-micrometermeasure concentration of-the-thickress (mils) feature-ef-sample plaques.

13-2:3-Sean interest is sought, the-infrared-speetrum-32-times-with-nre-sample approach in 10.1.1-10.1.3 |s suggested

10.1.1 Determine the-beam;+esetution thickness-ef 4.0 the plaque or, preferably, its spectral crossssé@utamm:t?/g, by
measuring the thickness and-gain-set-at-1-8-te-ebtain density or alternatively the mass and surface—mea—ef—a—baekgre&nd spectrurr

124 Place-sampleplague in uniformly thick portion of the plaque
10.1.2 Measure the FF-R-beam-and-sean-32-times-with-reseolution absorbance-of 4@nehgrain-at1:0.

1125 Meastre the peak-height of interest. Choose a baseline between valleys on either side-ef-the-structural feature at peak
in @ manner to produce the-appropriate-wavelength-by-subtracting most accurate and repeatable representatien-of-the absorptiol
maximum-from actual background absorbance

10.1.3 Calculate the-abserption—minimum.

Note—6—tquantitative-retations-arerneeded,—¢calculate concentratjaf,thepea
the-sample-thicknesses feature using eitherthe d Beer-LambertAaw (b - ) with the approprlate molar absorptlwby,, oran approprlate callbratlon

curve. If a calibration curve is used, it should have a minimum-ef$1.2.2 5 data points-ane-ti-2-5—+Forfurther-details—see-Appendix X1.
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32— the unknown should be within the high and low limits of the standards.

11. Report

121.1 Report the following information:

1—2.—171—S%Fuetura1—eﬁfﬂ{y,

1212 -tdentify-the-material,
12-1-3ldentify-which-procedure-is-used-n-preparing-the-sample,
12 4A-nternal-thickness-band-used-if-Procedure-A-is-employed,
123 5-nfrared-spectrum-range-used; and

12-+-6-bate

11.1.1 Complete identification of material tested including name, manufacturer, lot number and physical form when sampled
11.1.2 Date of test, and

11.1.3 Any sample or spectral anomalies observed during the t measurement.

132. Keywords

13- 3-branching:—fouriertransform-infrared-spectroseopy;
12.1 copolymers; FT-IR; infrared spectroscphotometry; polyethylene; strueturat-entities features-ARPPENDIX

Nenmandatory-thfermation)
XE—CALCUEAHONS-

X 1—H-gquantitativeresultsareneeded,

SUMMARY OF CHANGES

This section identifies the-fellowing-technigues-are-suggested:

in care . i i i i ained —Check the
eqﬂaﬂen Iocatlon of selected changes—te—eﬁsufe—ﬂqat it has thls Qrac ice. Qredlct convenleﬁee—ef—trhe—s&uctural entil
with-statistical-sighificanee.

XI2—FEnter user, Committee D-20 has highlighted those changes that may impaetthe-apprepriate-sample-area use of th

practice. This section may include descriptions of the changes-erpeak-heightratiosfrom-Note-5-or-Note 6-inte-the—appropriate

equation-to-caleulate reasons for-the-weightpereent of changes, or both.
D 5576-00

(1) Changed title.
(2) Added ASTM test methods for the-struetural-featurereeded.

Nore Xt I—=With—an-instrument-capable determinatio d
referenced features added-te-fiturknrewn-spectra Section 2.

(3) Rewrote procedures section to make it consistent with-the-infrared-spectra—of standards—SeePractices E168-and E 177 f

analysis

0 calculate equivalent sections |
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