APPLICATIONS OF ABSORPTION SPECTROSCOPY TO
HIGHWAY TESTING AND RESEARCH

The main purposé of this report'is to summarize current and proposed projects
of the Research Laboratory invelviilé tiie application of infrared, visible and ultra-
violet spectroscopy to research and materials control in the Michigan State Highway
Department. Selective absorption by chemical compounds of radiant energy at spec-
ific wavelengths in the region of the electromagnetic spectrum ranging fr.om the ultra-
violet through the visible to and including the near infrared provides a valuable means
for identification and quantitative analysis hitherto difficult or impossible by convent-
ional chemical methods, This is especially true in the ﬁ'eld of organic chemistry,
which includes paints, petroleum products, rubber, plastics, paper and textiles,

In addition to organics, there are many other known applications to the testing of such
i_norgaxﬂc matei‘ials las«portland cement, mineral aggrega:tes, glass, pigments,
ceramics and metals.

The scope of this discussion includes infrared, visible and ultraviolet techniques
because they supplement each éther and all are needed in. order to realize the maxi-
mum benefits from each. Besides these methods, sevelfal other _instrUmental methods
of analysis, such as Raman spectra, X-ray diffraction, mass spectrographm and
polarography, are finding increased technical and industrial applications. A suffi-
ciently thorough study of these latter methods to determine their possible worth in
highway work has not been made, but X-ray diffraction appears {o offer considerable
promise in the field cﬁ mineralogy by supplying valuable data on physical states of
aggregation and crystal structure of polymorphic substances.

This report includes a brief description of absorption methods, a summary of

present and proposed projecfs in the Research Laboratory program and an appended
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list of equipment needed in addition to present equipment to implement the program.

General Description of Absorption Methods

The present most common use of infrared absorption is in the wavelength range
of 2 to 25 microns. This range cannot be covered with a single set of optics, how~
ever. Rock salf optics are the most generally useful and cover a range of about 2
to 15 _microns . Other optics are required in order to exteﬁd the range to 25 micrqns
and to improve resolution at the 1owef wavelength end of the infrared band.

Selective absorption in the infrared in general uniquely characterizes individual
chemical compounds. All organic and many inorganic materials give analytically
useful spectra and many organic analyses formerly impossible are easily accomplish-
ed by this method. Besides its use in the identification and quantitative analysis of
compounds, infrared spectroscopy can be used to monitor the quality of chemically‘
complex materials in an empirical way without specific identification of the individual
components. This is done bj comparing spectra of incoming shipments with the spec-
trum {)f a reference material of standa;rd quality and behavior. Because of its ability 7
to identify specific functional groups within a chemical compound, the infrared spec-
trometer is also being used more and more to follow changes a.ccompénying poly~-
| merization, oxida;ion and other degenerative reactions occurring in the breakdown
of ‘organic coatings and other materials.

Despite its great usefulness, infrared analysis has some definite limitations
which should be kept in mind. It is not well suited to the examination of aqueous sol-
ﬁtions_ because of w.ater interference. One of its more serious limitations is that it
frequently fails to detect very small amounts of minor components in'complex systems.
A third limitation of infrared is in the analysis of drying oil mixtures, where the

spectra of linseed oil, cottonseed oil and soybean oil for example are practically



indistinguishable. In this latter caéé, the difﬁculty can be surmounted by combined
chemical and spectroscopic techni.ques, using ultraviolet methods to supplement the
infrared,

For the reason just mentioned, ultraviolet methods are now widely used in oil
analysis and, when applicable, ultraviolet is superior to infrared in sensitivity.
The ultraviolet region of the spectrﬁin drciinarily used for analysis covers a wave-
length__range from about 0. 2 to 0, 4 micron at which Iat’ger wavelength the radiation
becomes a visible violet. Because water is transparent to the ultraviolet, this
method is especially well adapted to the study of aqueous solutions .+ As mentioned
previously, it is frequently necessary to supplement infrared analysis with ultra-
violet methods and cﬁemical analysis to solve complex analytical problems.

While the portion of the ultraviolet band covered by the Beckman D U ultravio~
let spectrometer is only between wayélenhs of 0.2 and 0.4 micron, the instrument
actually covers in addition t-he entire visible region (0.4 to 0.75 micron) and fills
the gap be&ond this in the very néar infrérea (d, 75 .to 2.0 microns) to where the
infrared spectroﬁletér takes over, Moreover, the flame and reflectance attach-
ments malke_.,the ultraviolet speétrometer an extremely versatile instrument which
‘can be used for the exact determination and specification of color of materials, and
rapid quantitative determinations of minerals in cemeﬁt and aggregates which are
costly and time consuming by ordiﬁéry_cheﬁical 1::nethod_s. With the flame attach-
ment it is ,partic.ularly well suite_d‘to the determination of metals in trace amounts

present in either organic or Inorganic materials.

'Resegarch Lab‘oratory"Proje'cts
With the above very brief discussion as a background, the various objectives

h’éih,g pursued or under consideration by the Research Laboratory are outlined he-
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low. Ina few of these, where noted, significant progress has already been made.

A major portion of the projects listed,is.de'voted to the development of time and
money, saving test procedures in order to conserve technical manpower and speed
up acceptance tests, Others, more fundamental in nature, are designed to provide
additional knowledge of the constitution and behavior of some of our highway :m.atex;—-
ials without whmh further progress on some of our most baffling prebléms is un= |
certain or impossible.

' 1. PAINTS

A. Iﬁentifica’;i_gn of Trafﬂg Paints

In the performance method of specifying and testing traffié paints it is
gssential that the paint ':purchased_ from the Zsuccessful bidder be the same as
that submitted originallylfor tlie tests. Infrared absorption methods have pro-
vided the positive identificatio# necessary to strengthen this weak link in pro-
curement by performance. |

Pigment, vehic].e, and volatiles are separated and tested independently
‘using a combination of physical, chemicail, and spectroscopic tests. Here the
empirical infrared procedure is used to prdVide a rapid, simplé mefhod of
testing every batch of delivered paint for conformance with the reference
standard,

This method was followed by the laboratory izi testing 1954 purchases

and will be continued next year,

B. Analysis of Traffic and Maintenance Paints
The purpose of this work is to a analyze paint products, indéluding wood
preservatives and membrane curing compounds, to correlate composition with

pérformance. ‘Manufa,cturers of proprietary products generally will not dis~

-4 -



-close a successful formula, and compleie chemical analysis is usually imposs-
' ible without instrumental methods,

In most cases a complete constitutional analysis is possible by using a
.judicious combination of infrared and ultra'_violet absorption spectroscopy sup-
plemented by chemical tests.

The Research Laboratory h;és begun work on the infrared and chemical
phases of such an analysis using the 22 samples of traffic paint submitted for
this year's tests, and one membrane curipg compound. Tests with the ultra-

violet will be started as soon as a spectrometer becomes available.

C. Studies pf Film Degradati_on
The general objecﬁve of this investigation is to study the mechanisms
of film degradation and failure by following chemical changes in paint vehicles
and pigments on weathering through the use of infrared and ultraviolet absorp-
" tion spectroscopy.
This is a long range project ﬁhich has not Been started as yet in our
Jlaboratory, The duPont Company and the Naval Research Laboratory in Wash~
' ington are working on the samé ﬁroblem witﬁ the same kind o_f instruments and

have already made considerable progress.

D. - Golor Speciﬁicati_ons

The purpose of this work is to define color exactly for specification pur-
poses by means of chromaticity coordinates in order to' do away with visual
colér matching of the material with standard color chips. Referencé standards
change with time and even the standard color‘ chips have to be reproduced by the
. visual zﬁeﬂlod in the absence of photometric tests. Progressive indusiry is

rapidly changing over to the newer method.



Procedures for colorimetry and reflectance tests have been in use by
‘l,the Research Laboratory for mof'e ifhaﬂ 5 years using relatively crude equip-
-ment. Reflectance and color specifications for amber reflector buttons and
white membrane compounds were .wrii;ten around these tests and are still in
force. Chromaticity coordinates were determined on all batches of traffic
_paint delivered in 1954 with the ultimate objeét of including suitable chroma~
ticity limits for v;rhité' an.d vellow paints in the Specifiéations, | The same
.Jmethod can be applied to all paints and other mat_erials where conformance
with a Qolor standard is required.
- _The Beckman ‘ultfaviolet spectrometer wit-h,reflectance aﬁtachment will
- give faster, more accurate, more regroducible results than present equip-

Jnent,

II. PETROLEUM PRODUCTS

A. Identification of Asphalt Sources
Thel objective of this investigation is to identify asphalts by geograph-
ical source so that service records of asphalts may be tied in with théir
origin, and.rapid idéﬁtificatibn_meﬂlods set up for acceptance tests. By
spectroscopic examination, both infrared and 'ultraviolet, of asphalts from
.various sources, it may be possible to find distinguishing characteristics -
| sufﬂéiently strong' for positive identification, Some preliminary work with
infrared only has already B'éen done along this line in the Research Labora-
tory with inconclusive results, Strong p-os-sibil.ities still exist, however, of
solving the identi’ficatioﬁ Iproblemrﬁirotigh the use of preliminary separations
of asphalt compdnent_s by chromé,tégfégily and the appIication of ultraviolet

and flame photometry techniques.
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B. .Weathe;‘ing Studies of Asphalts

| The purpose of this study is to Iéarﬁ mechanisms of asphalt film degen~
eration on weathering and how these are related to composition and origin, A
corollary objective is the poséible ﬁnding of a cheap additive for the asphalt to

Ainhibit or slow down oxi'dative and other degenerative changes.

By studying the constitution of asphalts through the use of chromato-
graphic separations, instrument;ll analysis (infrared and ultraviolet), and
‘chemical and phyéical tests, it should be possible'to learn something of the
nature of the chemical and phys;dal éhéri;ges which take place on weathering.

) When these changes are sufficiently understood, remedial measures may be
explored, This is one of our most important projects because it goes straight
to the roots of a major phase of the problem of the durability of bituminous
construction, Some preliminary work has already been done in the Regearch

Laboratory on the chromatographic separation of asphalt constituents with

encouraging results,

C As;'phalt - Rubber in Joint Sealskan__dr Bituminous Mixtl_lr_es

The purpose here is to effect a qualitative or quantitativet analysis of-
asphalt=rubber ﬁlends for correlation with physical properties and perfor-
mance in service.

Natural rubber can be distinguished from synthetics by infrared ahsoxrp-
tion, but new natural rubber can.nqt be distinguished from reclaimed natural
_rubber as yet.. It may he possible to use an empirical infrared or ultraviolet
Survey spectrum to establish correlﬁtion with physical properties and moni-
tor the uniférmity of product, If this could be accomplished, a real saving in

testing time and expense would be effected.



. Very little has been done in the Research Lahoratory along this line

other than some preliminary work on sample preparation,

D. Mi.scell]l{aneoqs Labqr_'a_tor_y Applications

1. Distinguishing Cracked From Uncracked Asphalts, =~ It should he
possibkl_e. to use infrareq analysis to determine hoﬁmgeﬁeity of asphalts as
affected by cracking. . We have already made some progress on this in the
Research Laboratory. There ig a sirong possibility that a simple examin-
ation in the infrared or ultraviolet could be worked out as a substitute for
the longer, more involved Oliensis spot test.

2. Detection of Solvént Traces iﬂ Recovered A,s;ﬁhalts._ -~ I{ is im~

portant that all solvent be removed from asphalts recovered from bitumin-
ous mixtures before performing consistency tests, It sgems quite possible
that a spectroscopic method can be devised for detecting {races of solvent
which may remain in asphalts aftef recovery from solution, thﬁs doing away
_with the long, rather invalved chemical method hitherto employed in research
work, |

IR

III, PORTLAND CEMENT AND CONCRETE

A, Chemical Ana_l_ygis of Cement
- Standard ﬂamle pﬂotoﬂzetry Vmeth_:ods are already available to analyze
cement for chemical clomposition to detérmine conformance with specifications.
The alkali oxides, difficult and expénsive to determine by ordinary ehemical
method:s-, are i;artié'ulafly‘ é.menable to ra.pid, accurate determination by
flame _phbtometry. Magnesium ox;ide inrcement can be determined in one
tenth the time now required. These methods may be applied in the laboratory

immediately on acquisition of a Beckman ultraviolet spectrometer with flame
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attachment.

B. Identification and Determination of Minerals in Aggregates

The application intended here is to supplement physical methods with
.absorption spectroscopy and flame photometry in ﬁnpetrographic examina -
tion of mineral aggregates for evaluation of aggregate sources.

There are many times when it is of great advantage to know the min-
eral composition of aggregates, Examples of this are the relation of compo-
sition to weathered surface texture (skid resisting characteristics), the dis-
covery and identification of potential cement-reactive materials, and the
.identification of various deleteriaus rock types. Absorption and flame pho-
tometry methods of analysis_. are generally applicable to most rock types. In
conjunction with other physical and .che;emical methods they should advance
‘this important phase of léboratory iﬁvestiga.tion considerably. Some pre-
Jiminary work .using. infrared only has been done in the laboratory with pres%
ent equipment. |

IV. MISCELLANEOUS LABORATORY TESTS

In addition to the major projects _l_irshted, thereis a host of minor applications -
of flame photometry to routine lab:o_ratory analyéis, for example; brine .solﬁtions
for various metals; nonferrous metals, clay, glass, etc. for sodium, potassium,
calcium, lithium, iron, manganese, magpesium, rubidium, copper, silver, alum-
inum, lead, barium and othérs; and steels for manganese, chromium, cobalt, nic-
kel, copper, lead and boron. These analyses, which are both rapid and accurate,
are all possible with the flame attachment on a Beckman DU ultraviolet spectro-

meter,



-General Comments and Conglusions

j‘x{gr_z’l, the above summary it can he seen that absorption spectroscopy and flame
photometry can be powerful tools in highway tasting and research. This summary
touchés only the high spots of presently kn_own,possible applications, Unforeseen
applications of such versatile methods always develop when the fools are at hand.
As a case in point, the use of the infrared spectrometer for acceptance testing of
traffic paint was not a specific objective o.f the Research Laboratory when the in-
strument was first purchased.

Despite their great usefulness, the methods just outlined offer no universal
solution to all our analytical problems. Problems of any complexity af“;qays require
companion techniques of chemical or physical separation and examination, and a.
great deal of laboratory work must be performed to establish a background for the
interpretation of results, This fact necessarily implies a long range nature for
some of the major projects, Other less complicated techniques can be put to use
immediately in a practical way as soon as the proper equipment becomes available,
The 1953 ASTM Standards include more than 30, test methods based on absorption
spectroscopy, reflectance measurements and flame photometry. Committee D-1
on pai_nts has also proposed a 1954 method of test for phthali¢c anhydride content of

| alkyd resins (used in bettef quality enamels and traffic paints) based on the use of
ultraviolet speciroscopy. Their faith in this technigque is attested by the fact that
the propeosed method takes precedence over the strictly chemical procedure as the

- referee method,
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EQUIPMENT LIST

- Wavelength : Approximate

‘ It_gm o o - Range, Microns - Use : Cost
Present Equipment
" 1. Cenco-Sheard Photelometer 0.4 - 0.75 Visible absorption, 400,00
s ' : Colorimetry ‘
2. Beckman IR-2 Infrared 2 - 15 "~ Infrared absorption 7,500. 00
Spectrometer '
Total , 7,900. 00
Additional Equipment Ne,eded Now
. 1, Beckman DU Ultraviolet 0.2 - 2.0 Ultraviolet Absorption 3,600, 00
Spéetrometer Visible absorption
Flame photometry
Reflectance
Colorimetry
2, Perkin-Elmer Double Beam 2 - 15 Direct Infrared 15,000, 00
Infrared Spectrometer, transmittance
Rock salt optics _ recording
3. Additional Optics for Perkin-Elmer
Potassium bromide 0.2 - 28 Extend infrared range 1,500. 00
Calcium fluoride ' 0.1 - 8.5 Increase resolution 2, 100, 00
 Total | 22, 200, 00

Possible Future Equipment

1. X-Ray Equipment 7%x107° - 23x1072 Powder diffraction 7,000, 00 -

Grand Total 37,100, 00



