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ABOUT THE TECHNOLOGY ASSESSMEN'F sPROGRAM
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- The Technology Assessment’ Program is sponsored by the Office of Development, Testing, and Dlssemmatlon oi o A

~ the National Institute of Justice (NIJ), U.S. Department of Justice. The program responds to the mandate of the: ‘\,»' S
Justice System Improvement Act of 1979, which created N1J and directed it to encourage research and developme_nt ,

to improve the criminal justice system and to disseminate the results to Federal, State, and local agencies. ', ’

The Technology Assessment Program is an applied research effort th\at determines the technological needs of -
justice system agencies, sets minimum performance standards for spediiic devices, tests commercially available -
equipment against those standards, and disseminates the standards and the test resuits to criminal justice agencies
nationwide and internationally. 2 : : o , “ ' :

The program operates through: ‘ : :

The Technology Assessment Program Adozsory Councrl (TAPAQ) consisting of, natlonally recognized cnmmal
justice practitioners from Federal, State, and local agencies, which assesses technologlcal needs ‘and sets priorities for
research programs and items to be evaluated and tested.

The Law Enforcement Standards Laboratory (LESL) at the National Bureau of Standards, which develops
voluntary national performance standards for compliance testing to ensure that individual items of equipment are
suitable ‘for use by criminal justice agencies. The standards are ‘based upon laboratory testing and ‘evaluation of
representative samples of each item of equipment to determine the key attributes, develop test methods, and establish.
minimum performance requirements for each essential attnbute In addition to+the highly techmcal standards, LESL,

- also produces user guides that explain in non-technical terms the capabllmes ‘of available equipment. -

The Technology Assessment Program Information Center (TAPIC). operated by the International Assomatlon of
Chiefs of Police (IACP), which supervises a national compliance testing program conducted by independent agencies.
The standards developed by LESL serve -as performance benchmarks - against which commercial equipment is ‘ o
measured. The facilities, personnel, and testing capamhtxe‘\ of the independent laboratories are evaluated by LESL ~ IR
prior to testing each item of equipment, and LESL helps th‘e— Information: Center ‘staff review and analyze data. Test - B
results are published in Consumer Product Reports designed to help ]usnce system procuremerit officials make £ e
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The Law Enforcement Standards Laboratory (LESL) of the Natlonal Bureau of Standards
{(NBS) furnishes technical support to the National Institute-of Justice (NIJ) program to strengthen i
- law enforcement and criminal justice in the United States. LESL’s function is to conduct research ‘ s |
that will assist law enforcement and crlmmal justice’ agencxeg in' the selectxon and proeurement of ' Hoe
: quality equipment. ©
- LESL'is: (1) Sub]ectmg exrstmg equlpment to laboratory testmg and evaluatlon and 2)
conductmg research leading to the development . of several series: of documents, 1ncludmg national
- voluntary equipment standards, user guides, and: techmcal reports.’
« This document is a law enforcement technology report developed by LESL under the
sponsorslnp of NIJ as part of the. Technology Assessment -Program, which: is descrlbed on' the
-~ inside front cover of this report. Addmonal ‘reports as well as other documents are being issued
~under the LESL program in the areas of protective equipment, communications equipment,
security systems, Weapons, emergency equlpment investigative aids, vehicles, and clothing.
Technical comments and suggestions concerning this report are invited from all interested
parties. They may be addressed 1o the Law Enforcement Standards Laboratory, Natlonal Bureau of
- Standards, Washlngton, DC 20234 : :
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.Enforcement Assistance. Administration and the I‘orensrc Sciences Foundatlon demonstrated a

: obtamed for tests of several paint samples' distributed to crime laboratories . throughout the

- chemical reactivity of automotive paints, and to standardize reagent concentration and other
parameters. The principal focus of the study was testing. acrylic. enamels used’ as Automotive
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Thls report presents the results of a study to develop emerm f‘or the charactenzauon of pamt through
solublllty testing: Experiments were conducted” with commion solvents o classtfy chemical reactivity with
* automobile and household paints. Seven categories of reactlvxty are defined; which form the basis for specifying ‘
the extent of solubility. of paints.in various reagents under controlled conditions of timé and températitre. The'
report also describies a novel solubility test procedure by which acrylic Jacquers, organic:dispersed. enamels, ‘and
water-based ‘enamels can be ‘Wistinguished through sequenual testmg, a_characterization not prewously
accompllshed thh solubxllty testmg
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- Key words: au't:d’inoti‘i'e:paints; ‘household paints; sequential tests; solubility tests.

1. INTRODUCTION e ol

The Natlonw'de Crlme Lahoratory Proflcwncy Testmg Pro]ect -conducted hy the Law~

need for standardization in .paint solublhty testing for forensic purposes.’ Based on results

e ) S A A e e M i i

country, it was apparent that there was little or no standardization in the solubility test methods
used; reproducxblhty of test results, and criteria for the evaluation and reporting of results, or, for
that matter, in the rationale behind the use of a partlcular array of solvents. For example, one
laboratory would report that a given paint sample was soluble in sulfuric ac1d while another
laboratory would report that.the paint was insoluble in this reagent. Reagent concentrations and
times of reaction were frequently not reported. It was apparent that there was large variation in
the reagents used in the time allowed: for the reagent to act on the pamt in the temperature at
which the tests were conducted, and in the criteria applied to the term “soluble.”

The purpose of the present study was to develop criteria to apply to solublhty testing and

DN RIS NCCHERI RN

g

finishes, since ‘prior to this study these paints were reported to be virtually unreactive to. all
solvents when subjected to solubility tests. An ancillary obleqnve was to apply these criteria of
solublhty and reactivity to testing household paints. :

L

a

John 1. Thornton. Law Enforcement Assrs!ance Admxmstranon, u. S Govemment Prmtmg Office; Wuahmgton, DC Oct, -
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: : S e \\{\\ S Organic Solvents: g ol ‘
A4 s ) i : SR . { A o ! ; 4
H . ' : ey AND REAGENTS B o : 1
I o « o FEREITES 2, SAMP,.'ES S Fi e Acetong, b.p. 56 °C , . S I’
B | | S e T o Amyl Acetate, bp. 149° | e | :
A Sample Sources and Preparation - A ,, Benzene, b.p. 80° B R ; | %
: e ¢ . l alkyd, acrylic, and epoxy paints were obtained from retail d!s{trihu't(;;sbél :  t-Butanol; b.p. 82° BCR L I S i R v },’
9 : ‘ : Rt SR S il o) T L R - . o b
.. Samp o8¢ " State law requires all components of a paint fo be indicated on eziﬁ“cau; Carhon Disulfide, bop 46°." <o o o T ‘ I
 Visglnia, becausef‘ mation of the" gerieric sype of paint. The samples tested were aSI;h alkyd ~ Carbon Tetrachloride, b.p. 76° ST e T i
S facllltf?tl“g a contrmdl rade aint. The vinlyl‘ a'ndjacrylic‘paints'were,Wate}'jbas"fd and g ) '{)e' _ - Chloroform, b.p. 61° SR R U R B T A T wod
: des‘%f‘ated, as oxteror eg oil—b:)séd‘ The ‘epoiy was cross-linked.- The paints were Sél?cte 3 't‘?t o ’ Dichloroethane, b.p. 57° R, T ,;g
el mentod, to, i hly saturated with pigment, to_permit a more oot e  Dichloromethane, bp. 40° . " R A s IR i
| deepl?.l”gmf;;‘e b Linsoed oil paint, as an example of 8?‘,.?1F'°x“?‘z:i‘(‘ig. LYRE Dimethylformamide (DMF), b.p. 149-156° . '
SOI.ubll«lt'y an] QI Skgéted now; the linseed oil paint used in this study w a?‘.‘;f‘if 1;}7 da‘l; mge(};liﬂ by Dimethylsulfoxide (DMSO), b.p. 189° - i
= paint, is rarely mar it . ety ommercially available dark 1 olledlmagec: o1. : -Dioxane, b.p, 101° : = - , R i
B (25% by weight of rutile titanium dioxide) 'tQ commerclalty aval drier. The household paints P » b.p ” : b
| ; ¢ hinners were used; but dark boiled linseed oil contains a drer. Ihe hc bstrate and Ethanol, absolute, b.p. 78 li
1 3t \ '} b - e ¢ RN 2 - T . i
: stirring. No ¢ mneh. ‘[g foiimately 3 mil (075 mm)] films onto a sheet acet,atf’a__sl}‘ NS Tale a % Ethyl Acetate, b.p. 77° ;;
D were 'brushed a8 fP om 'te‘mp»ef"ature for a minimum of 5 weeks before testing. No-primers. Methanol, absolute, b.p. 65° i
, i -perrm‘.tted to fully cure a 100 FAL sdints, R TR B Petroleum Ether, b.p. 60-80° i}!
‘ ! were used with any of the household pdints. avate ‘chemical’ les’ from ‘the 1977 ‘Natiopal RS e , ‘ ‘ ; , , ; i
| ! v . ; red the separate ‘chemical samples g e Piperidine, b.p. 106 A e ST RN : : ‘ I
! The automobile paints-tested were the sep ive  Paints.”? These automotive. paints: N . o T T e ' i
R o rds’ “Reference Collection of Automotive Paints.”*These - were of  Tetrahydrofuran (THF), bp.64° = . .~ ' O T RSN i I
Do ~Buroan of Standres’ " ete d rylic enamels as defined by Williams.” Acrylic enamels ;e;e . Toluene, b,p. 110" L L : L to : : L
o acrylicslacquers. and acr as geliliet. S " aname non- Eiaiteti tasl o P IR o e Lo : #
} consisted of ‘acryll,c la. que 1 enumels. also reforred to asv“solvent-thm“‘?d ’enam,e‘ls., (”\) Xylene (o-, m-, an d p-isomers), b.p. 135-140° 3 ‘ L ! , i
= three types: (1) organic dlsperseak ?;;1 t s hased enamels. The term water-based enamel is used ‘ Sttt : ; D:.. T e , gz
;\ L - | S namels an water-| : -." . ‘ . : X o . o , " N £ RIS P 4
i ‘ aqueoll:s dlsplflx; l\’%?tlfwater éisperéibn enamel or aqueous dispersion enamel. C.(1) Experimental, Household Paints i
i a I § . S ey T L . : 3 . . i
: nterc ange " ) i . . St Lo ) . R . :
i ~ o ‘ : The effect of each solvent on each sample of paint was evaluated at room temperature (23 °C) - [’
" B. Reagenis : . : _. - T and, for most solvents, at elevated temperaturés. The high volatility of certain solvents (e 7: ' ]
R A P ‘ vod for th ir efficacy in dissolving N 7o TSt 8 Ty &8 evAled. tempera L e g VoL ty ol L EIES (€8, i
L R TR and chemical reagents were tested for their ; : 9] carbon " disulfide and. acetone) - presented serious. practical - difficulties - in solubility testing at i
! A wide range of solvents an 1cat ¥ acids, bases, and organic solvents covering , ; REINCAS o SalicAal ea ! . , , i
| - Lo Dbl o aptometive ‘paints, These mcll‘xded”a_.cnu 's, ase » and. oovorted. in the Crime . elevated temperatures.,”Reﬂuxmg‘ would l}gve -addressed this problem,_.but it was concluded that i
; | YOUT oSBT slarify. Particular - attention -was given to. reagents .repor . " this would not be practica] for routine use in_ forensic laboratories .and, that standardization of I
8 j a widé range. of po 81’; ye { rt as having applicability to paint solubility testing. i refluxing procedures woul d create further problems, = w ‘ ? :
v Proficiency Project repo S R T Sy i a liquid stock solution N ‘ o T i e R ' :
1 Laboratory P . y ]‘ i eagent ‘grade. Dilutions, Wthher of a liquid st ST Tests at all temperatures were observed under a low-power steréosco ic binocular microscope. 1
i All chemicals were of analytical reagent gra ' S B s . ooeEs at all temperatures were ; 10W-p SCop 10 nicroscop :
1 of a stock soli d. are expressed as a weight to weight (w/ w)jpeycegtgge- _‘ Tests at room temperature were conducted in a white porcelain spot tile. The tests at elevated i
% or‘))o a Sock sold, are! T O LTI ATTA ST 5 temperature were “conducted in tubes immersed in a water bath heated to - temperature }
3 ‘Stock Acids: ‘determined by the boiling point of the reagent. The temperature selected was close to the boiling i
R o SR o S point, but not so:close that the vapor pressure at the selected temperature would result in an i
¥ P - y y 3 '3 . Qv sgF L . * Bie ’j»
R | : : Acetic Acid, CH;COOH, glacial (174‘ M) excessively rapid evaporation of the solvent. The tubes and reagents were preconditioned to the i
e - " Hydrochloric Acid, HCI, conc; (11.6'M) . temperature of the water bath prior to the addition of the paint samples. . : ; [~
Nitric Acid, HNO,, conc, (15.4 M) ; S R . At all temperatures, the ratio of reagent to sample was greater than 50:1 by weight. Samples L‘
o ' Phosphoric Acid, H;PO,, conc. (146 M) . e ‘ of paing approximately 1 mm X 1 mm were removed from their acétate substrate and immersed in g
Phosphoric Acid, B580s M ; . paint app y 1) : ,‘
e ‘ - Sulfuric Acid, H;S0,, conc. (18-9, 1) T . - the reagent for a period of 5 min. The,reagents containing the samples were stirred at intervals of I
Lo . T | e . ., . y . . 3 . . .. . . Iy !
‘ | v P T 1 min, Various reaction times were tried, but the 5-min’ reaction time was the most suitable; g
©  Stock Bases: EETRT - o . €xposure times up to several hours did not alter the: chemical ‘reactivity assessed at .5 min. ;
RO A 2 um Hydroxide NH'40H; cone; (14.8 M) : Solubility or other chemical reactivity was assessed by the following criteria: ; i
L - Ammoni 5 DNIRLTER SO : | Lo S TR R o
T Lo Potassium Hydroxide, KOH, 95 percent sticks Soluble A sample ‘was determined to be- solublé - if ~the paint was' completely
o » Sodium Hydroxide, NaOH; 95 percent sticks - ; - disintegrated within 5 min, either as a result of solvation or chemical decomposition. -
o St . : Lo T R ' o Partially soluble A sample was determined to be partially soluble if after 5 min a
, i ’ N RS ~* significant. amount ‘of pigment (more than half) was leached from the paint with some,
: . although incomplete, disintegration of the vehicle, DR :
_ ‘ : € oo o Pigment leach A sample ‘was"'detérm‘;'ned to have. undergone pigment leach if the paint
s » Collection of Automo.'ti\.re Paints, National Bureau of S!nﬁdaljds and Mgnufacturers COll‘hCI’l on Cf)lor an - remaing d substan ﬁ,auy fittact after 5 r‘xiin,‘vb‘ut with somé ‘pigment (less tha‘nv half) e.x tracted by
¥ 1977 Reference Collection of A g S F R T e I for Paint - the reagent. Pigment leach is distinguished from “partially soluble” in that the paint remains
. "Appeamnce’ ;“c hes Ralph A. Williams, Federation Series on Coatings Technology, Federation of Societies ot substantially intact and exhibits little or no visual evidence of disintegration of the vehicle. -
b * Aitomotive Finishes, ‘Ral A ! ! 1977, 36 pp. ok S . : . e : ‘
s : " Technology, 121 South Broad 5t,, Philadelphia, PA 19107, ) IpP 3
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Swell " A sample was: said to swell if there was a-significant-and umform expansron of
the paint, but with no noticeable solublhty or pigment leach. - : :

- Curl - A sample was said to carl if' thers was a tendency for the’ pamt to curl in the
reagent, but with no noticeable solubrhty or plgment leach. Curlmg is probably an
asymmetrical form of swelling. EREE

Discolor A sample was said to discolor if the pamt turned brown or black Thts

" phenomenon was noted with the mineral acids, and répresents a- charung of -the organic
matter. Care must b exercised when dealing with black or brown paints that true solvation

“not be confused with discoloration; although arising from dlfferent chemlcal constderatlons, ‘
the subjective appearances'Would be quite similar.s ‘ '

Soften A sample was said to soften if, after exposure to the solvent the pamt fragment
could be penetrated with 4 needle biit was otherwrse not v151bly affected : :

C. (2) EXPenmental Automohve Pumts o e ':

In the case of the sequential solvent testmg of automotive paints, the tests were conducted in
a white porcelain spot tile. Heating, where needed was with a 500-W infrared lamp 15 em from

‘the tile. Tests were observed under a low- poWer stereoscopic binocular microscope. Paint sarples

approx1mately 1 mm X 1 mm were removed from their metal substrate and placed in“the spot-

~ plate. Glacial acetic acid at room temperature was added. If the paint was an acrylic lacquer, it
~ would dissolve within 2 min. If the paint did not dissolve, the spot plate was.heated with the .

infrared lamp. When the temperature was w1th1n 10 °C of the boiling point of glacial acstic ac1d ’

(117 °C), the paint would dissolve within 2 min if the paint were an organlc-dlspersed enamel.
At a distance of 15 cm from the 500-W lamp a steady state situation was achleved with ~

respect to temperature, the heat inpuf was equal to the heat loss, and the temperature remained
essentlally constant at approx1mately 107-110 °C. If no réaction oceurred under heatmg, the acetic
acid‘us reméved by means of ‘a pipette, a few drops of concentrated HNO, was ‘added, and the

~“sample was reheated with the infrared lamp for an additional 3 min. The paint sample was then
~washed in distilled water and dried. This was accomphshed in situ by drawing off the acid wrth a .
' pipette, adding water, drawing off the water with a pipette, repeating the ‘washing, step, and drymg
‘the sample by heat from the infrared lamp. A’ saturated solutron of potassium hydroxide in tertiary
butanol was then added, “and the solutlon was heated by means of the lnfrared lamp The water-
tbased enamels then dlssolved T DI ‘ S N

‘3. RESULTS AND DISCUSSION
A General

- Both household and automotive palnts vary*t."?ihm,la parttcular genenc type. Thls variation in
composition (e. g., the substltutlon of a-methoxy group into. a resin- monomer) results in some

. ‘variation' in solublhty behavior. For example, within the’ acrylic enamel-group, hot nitric acid’ will
“only discolor one paint sample, but will completely dissolve other samples. Asa consequence, the

use of solubility: testing to individualize a paint or to deﬁmtwely characterize an-evidence paint as

' belonging to a particular generic type should be attempted tonly with cautxon. The prmcrpal

; appltcatlon of paint solubility testing is in screening or comparison. -

* Certain " generalizations, however, may be made. For household paints,- the most effectwe

solvents are concentrated H;SO,, 30. percent (w/ w) KOH, and hot HCl. ‘These reagents will result-

- in either a dissolution of the paint or in-a-color reaction which may have some: diagnosti¢ value.,

a4 o

s

N

S5

For automotive paints, acetone, phosphoric acid, and dlmethylformamlde are ‘well suited ‘to dis-
solve the acrylic lacquers. The acrylic enamels are much more resistant to the effects of solvents'
in general, but the strong mineral acids may achieve some reactivity, The failure of the acryhc
enamels to dissolve in most common. reagents led, to the sequential testing which was the princi:

pal thrust of thls study. Because of their slgmflcance the findings will be dlscussed in a separate
se€ction. o o

<

B. Household Pumts—GeneraI Solubihty

The results of the solublllty testing' of the household pamts at room terperature and at
elevated temperatures are in tables 1A through 1E, 2A through 2E, and 7. Non- -pélar solventslllave
very little effect in dissolving household paints. If a solvent had little or no effect on any paint at
any temperature up to and including the boiling temperature, it will not appear in any of the
tabular data except ln indicate the comprehensiveness of the testing conducted Le., to indicate the
logical candidate solvents w1th1n a particular group.

TasLE 1A, [Touschold paints at room temperature, concentrated -ucids '

A “Acid E
o _ Hz. 4-f % WG . HNo, HAc
Paint o : (conc) ‘ (conc.) {conc.) (glacial)
Vinyls : ’ " Soluble No reaction : Softenes; may discolor Softens
© Alkyds Gurls; may discolor - No reaction Curls; may discolor Curls
Acrylics So]ub;e . . No reaction  Softens ' Softens
Linseed oil base i Soluble; ‘may dlscolor No reaction D(i{ﬁcolbrs No reaction

7

¢

Tamie 1B. . Household paints at room temperature, strong bases

'

g e

i

o Base
NaOH - KOH NH,0H KOH - NaOH

Paint (30%, w/w) (30%, w/w). (conc.) (A%, wiw) - (50%, w/w)
Vinyls Noreaction "No reaction No reaction Nao reaction No reaction
Alkyds No resiction Soluble Curls; may discolor No reaction No reaction
Acrylics » ‘Nlo reacion = No reaction No reaction No reaction No reaction
Linseed oil base * Soluble Soluble Na reaction Softens No reaction

“ % 5
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TAI!I.E 1E. . Household paints at room tempe;@re, kmediumk to-high polarity (a'ielectric cfonstdr:it >6) solvents

Paint

Solvent

THF

Ethariql :

» Methanol

~ Ethyl
Acetatg

CH,Cl,

Acetone -

DMF

DMSO

Piperidine

Dichloro-
“ethane .

“Vinyls

No'

No

No

“No

- No

Softens

Sdftehs5 i

No

Softens

Softens

2 reaction reaction reaction reaction ‘reaction’ reaction ’
Alkyds No , No No o - No Curls; No Softens- - No Softens; ~No
reaction . reaction .- reaction’ - . " reaction may ‘réaction e . reaction swells. _reaction
: : : L swell S S
_Acrylics “No .. No No No . -Softens Softens . . - ~Swells. No Softens Softens
reaction “reaction- - reaction reaction _ R reaction ’
Linseed * No No No Softens No Curls = - ~a Softens Softens Softens Swells .
. oil base - reaction reaction - reaction o ‘reaction e ‘ : :
e
2 - ‘%
4 i ‘ )’ A
8 o
o 7. R
i iy
R 5
g s
- , R
,a 5 SR




R T ‘TA‘IH,E‘ZA'. Household paints at 80+5°C, concentrated deids L bl k e . A e : S o v, o [%@ S BRI RPN

oA

I Vinyls. . o Soluble ot et Discolors - = :Softens; ..o ,‘Softens s et

o Alkkyds' t e ‘Soln‘iblé" e No reaction’ . Discol((;rsj:: i : No‘réac;iofl S _ - ; v ;;;‘ ‘ f S 2 o O‘

Acrylics v Soluble e .~ Soluble - . Solable Softens. 05 1 PR T T e e e R e e e T R e L e T T T

oo

Linseev(‘i oil base . Soluble; ‘d:i('sbcoqus S Discolors Solublei di_sédldié“ | | _ No reaction : et : s , _ 4 i

fo0 g ; e S

TABUE 2B, Household paints at_elevated  temperatures, strong. bases

i Lot

By - T T e = R R S R e
” S . : : R I ~Base~ ;.00 , RIS B A ORI R N S R e T

o . 30%NaOH;: . 30%KOH; - . 1%KOH;  50%NaOH; Gl R R
Paint - . 80°C : . .,,"80°C . : . - 95°C r L 95°C : I e .

R VAR R T T
X

Vinyls = . Noreaction - - Noreaction ~~ = i . -Noreaction No reaction. g Ch T e e T

. yAlkyds  Discolors - Solble . Soluble  Discolors Pl T B e g e R L

Acrylies . -~ Noreaction | - Noreaction . =~ - ..~ - Noreaction - - . No reaction .

]"Lix'ls,’eed oil base - ‘So'lubl,ey o , - 1"Disco’l\‘ors';ypértial'ly sdlhblé - - D_fsgblonfg No reaction .

.

~ TABLE .:2C.v,."House/vzold paints at: elevated tempgfqtdrqs, ryzori'-polyary“sqlvea!si -

'So'lvent‘;_ o

. Pamt - . CH,60°C . CCl,60°C - Dioxane,95°C

'Vinyls’;‘ o Softens : L No Eea‘\ctiot;k“ . v Swells

Alkyds

SRR

No reaction: .~ " Noreaction. =~ =~ * Softens

Aeylis L Swells

Swells e V'S()ft‘eyn's, :
< Linseed oil base " " i . "Noreaction” . “ Ne reaction “No reaction® .

i R N - 3 - . : L . o N - v . ‘v B N " L N . ;

s :
¢ S TAmE 2D. Household paints a{» elevﬁled‘ iempergi{d;es; low. to medium_polarity . (dielectric constant < 6) solvents ERERT i

n : i : 2 : N

B o e e e g U T
e C s Solvent - en
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A e . Toluene, * e Xylene, A y!"bf:etdte;' ﬂ:‘,CHClm : s
S0 Pamt o T 80°C o :f_' 95°C. 950G o 60°C RMERE ,

e _Vinﬁyls‘fk S No réactign ; ;;Piérﬁént’léééh e - Softens b ‘Softens L
L il e ol L Naron R st

' ’A’c'rylic's‘ L ; ‘Cur]s; : :" Cuﬂg“ s Sdftehé ","_-S()flens & .

.+ Linseed oilbase: " Noreagtion. - . “" ' Noreaction” - . Curs -

Vi

 Noreaction =~ o




;
.
0
v
FERE
.
&
IR
L
; ;
=
. £l
.
;
i
.

an

N
-
O e PN
e %5
N i t
; . -
‘
o ;
e ™ S
. R
g : =
” =
g L o
v e
. N R
¥ j' L SN \'.. - o
s LT R
K S S
A ;o cL ; L ¥
. . y
rocw * . 4
‘ " - :
S * e :
R e
N W : ay .
-4 :
3 it i : oS
R ¥ -
- B
ya £ b

TABLH 2E. - Household paints at elevated ktempergl’ures, mediuin to high polarity (dielectric constant >6) solverits

i

Solvent

Ethyl acetate, 65 ‘Y"Cv

Piperidine, 95°C

DMF, 100 °C

- DMSO0, 100 °C

Vinyls

Alkyds
Acrylics

Linseed oil base

Ethanol, 60 °C
No reaction
‘No, reaction
‘SOft‘ens

Curls

Methanol, 60 °C.

Softens
No reaction
Softens

~Curls

No reaction
No reaction” -
“No reaction

Curls

Softens
Softens
Softens

Soluble

Softens
Pigment leach
Softens

Cule

S’oftens .

Softerns; pigment leach .

Softens

Softens ’
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C Aufomoﬁve Palnls—Genercl Solublllty
) All acryhc lacquers dlssolved in room-temperature glacxal acetic acld No ‘acrylic enamel -
dissolved 'iti ‘this acld, eveir at high temperature. The results of solubility testing of acrylic lacquers
at'room temperature and at elevated temperatures are'in tables 3A through 4B. Historically, these
paints’ lmve not presented any problem with solubility testing, and -a number of solvents are quite .
efficient in dissolving these paints and dlstmgulshmg them from’ the acrylic enamels. The results ;
of solublllty testing of acrylic enamels at room temperature and at elevated temperatures are in
 tables 5A through table 6. The aqueous dispersion’ enamels are poorly represented in the NBS
1977 Reference Collection of Automotwe Paints, pwmg to their recent mtroduchon, the reactlons :
of a. smgle pamt of thls type are presented in table 6. : ‘
: Tane 3A.: Auiomotive paints: aciylic lacquers at. room -témperature, strong acids
‘ Solvent
. H,S0, HNO, " HyPO, HCl
Paint - {conc.) - (cone.) (cone.) (cone.)
A‘c,rylic‘solutipn lacquel ’
- DA77G0333 . Soluble . : _Pigment leach. =" No Teaction’ N:o reaction
NA77B0334 Partially Partially soluble, dlééolqrs No reaction No reaction
L soluble S : :
: PA77L0335 ‘ Soluble No reaction Discolors Discolors
- Acrylic dlspers:on lacquer ‘ ; ’
) DB77BO334 Partlally Partially soluble, discolors - Discolors " Discolors
‘soluble : : :
< TabrE - 3B. 5’4ulomo!ivé paints: ac‘rylicwlaci]uers at 80 °C, strong acids ey
‘Solvent
- L H,80, HNO, HPO, ~ Ha
Paint . . feone)). (conc.) R (conc.) 3 (conc)) -
Acryllc solution lacquer » ; o
DA77G0333 " Soluble . Plgment leach .Dist_fol_or's’ o - Pigment leach
NA'{7BO334~ “‘Soluble Partially soluble, Pﬁrtially soluble. “No reaction
) discolors ; ! s '
" PAT7L0335 " Soluble Softens leially'soluble : No reaction
Acrylic llispe‘rsion lacquer.
" DBY7B0334 s Soluble - Partially soluble, Partially soluble, Discolors
R discolors " discolors Lo
-3 -
10 -

TABLE 4A. . Aitomotive paints

acrylie {dcquers. at roons- teopérature,: miscellqneoys . solvents

= Paing:

4

“Solvent:

Acetone. .-

- DMPF.

DA77G0333-

| NA | 'Soluble’ " No Teaction
77BOS34m‘ . Soluble _ " Soluple o 'No ‘reagtion
PA N . ot v e e
| 77L0335 Soluble, e ++ "Soluble _ No reaction
Acrylie dispersion lacquer - B ‘ “
" DB77B033¢ !
7780334, Soluble . . Soluble - i No reaction

Acrylic solution lacquer

“Soluble ‘¥

L 30%“Na0l{ (wiw) .

B

Tang 4B,

Autorotive paints: acrylic lacguers at_elevated temperature, miscellaneons solverits

“ Solvent

. : e
Paint DMF, 80°C. - 30% NaOH {w/w), 80 °C
Acrylic solution lacquer
: DA77G0333 Soluble . No reaction
NA77B0334 Soluble No reaction
. PA77L0335 | Soluble No reaction
Acrylic dispersion lacquer
DB77BO$34 - Soiuble No reaction =
A
11 i
o
ol B
;,,‘? -' P ,

N B
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tive paints; acrylic cnqmels -t roomt " femperature, strong acis i ‘ o | oo i A e ;
§ v  TABLE SB.  Automotive pai o L L ' ' £
I . > tive paints: acrylic enamels at o : v : S ¢
!; \\ - ainels at :(50#5 g, 5’(0"g' acids - . : - @
(&! DOR : 5 ; 2 H?_SO,; : : o : ) }
5‘; <o Paint - (eone) (cone.) i Solvent '
: j‘ SolV‘?.nl-thinned (organic dispersed) : ‘ e et : i paint .. S ‘»("0""'; : o Z(IjnO:,) e HPO, HC!
/. nerytic enamel g T s : : - leone) {conc) S . ) e
: . ' , : e ; nt-thinned o : i T feone)
~:’f; DC77F0339. Discolors Pigment leach Cuils - Plgmgm‘leach, acrylic ’enariie‘; (org,gm‘c dispersed) . R i — ~
& ‘ I : discolors : . . ‘ : . L
* 0090 | ' : DCT7F0339 S | S o
FCT7C0090 Curls: Cutrls No reaction No reaction ‘ Discolors " Soluble N R ‘
LC77E0235 Pigment leach, Pigment leach, No reaction _No'reaction FC77C000 e e L S D_'scolo"s?’
b » ‘. discolors -~ discolors 700090 . Soluble - Soluble I  pigment leach
! . R S S AR . LC s . IR S IR 0 reaction .
! NC77B0308 . No reaction No reaction No reaction ~ No reaction C77«E0235 - Discolors “Soluble No.i ‘ No reaction.
. ST « L L o N m o S ... -No reaction - .
v PC77J0255 Discolors Pigment feach No reaction Discolors C'??Bos()g - D'SCOIOI‘S <45 Discolors T B No reaction
o : S ‘ ‘ ' PCT710255 Discolors . ‘ Softens Discolor ~
e ; - Non-aqueous dispersion enamel ) . ) Noi ST : iscolors - - . Soluble - $ lk Bl colors . . :
B : . N . AT ) . n S : ' 3 on-aqueous di R B o . ' oluble : . 3
% . AN77H0313 Discolors. No reaction No reactiori No regetion _q s dispersion enamel . - S g D‘SCO]OTS |
i?r - BNT7E0222 - ‘Discolors Pigment leach Nocreaction No reaction AN77H0313 ‘ Discolors * . Pattially soluble Solubl ‘
i : Lo L ' o ‘ o - BN I N 4 . Soluble o ) 1
8 CN77A0123 Discolors - No reaction No reaction’ - No reaction 77E0222 " Discolors = - Pértially soliple - - . D'§°°l°'5 S :
§ : : . " . . ) S CN77A0123- s ] ) : - No reaction ' No reacti 1
FN77EQ222 © Discolors - Pigment leach, No reaction No reaction RN oluble. ... ‘Partially'soluble s R eaction
R % : i o : o . ' curls E - N FN77E0222 - 3 ‘Digcoib;s Cl Parti H DN ’ No rga(‘;tion ‘. No reaction
X : ‘ v B ' ) ; o ‘ R - Partially soluble ‘No reactio
R j reacti jon. - i . i o action . G
?\{ : | KN??.COODO : No react@n No reaction No react‘xon }P;O reaction | KN77§0090 Discolors LR L e ; | No resction .
s e : . - ST PO ) t “NHo” ti L E . : R 4 eaction
| ‘ LN77B014-9 _ D;scolprq »No reacﬁ.lon ,Nko rézio 1"on No feac ion N7730149 Disealors N ’; " ! o  Softens
\ . NN77B0092 - .. Discolors’ o . Discolors - - ! Discolors . Discolors . NN77B0092 . Discoiors °. Solub 0 reaction No reaction
) S e ‘ - ST e ¢ . - Soluble- .. S ‘
‘ PN77F0314 Discolors ~Pigment leach No reaction Discolors:’ PN77F0314  ‘Discolors o e s Partially soluble - Softens
—— ~ - ) : oluble. . . : . y . : : . o
” T - ' Solibl T : ,
i - e Discolors é
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chemistry of automotive enamels by one of the authors (SK). This suggested that first it would be P

e ) . e i : 054}—teémperature us: noted . i L : e .
Tavti; 6. Aqueous dispersion enamel (NBS #NW77E0054)—temp RR necessary to break the structural cross-linkages, followed by use of a reagent which

would cauge i
Tcmperalur¢ P

further dissolution of the partially-degraded polymer. B ‘ : e
E - : " Aerylic lacquers “are utilized for approximately' 50 percent of ai] the automobile. topcoat
_ e ey S 80°C . production in the United States. The basic resin. jis comprised of ‘methyl methacrylate, which is
i : Solvent ' - Ropm temperature : EEES S : : = modified by other methacrylic or acrylic monomers. The acrylic lacquers are applied in one of two
: e ‘ Lo ioment leack -+ Solution Yell"“’?' forms: (1) solvent-thin‘n‘ed lac‘quer}ss and (2) ‘non-aqueous dispersion (NAD) lacquers.® The latter
H,S0, (conc) Curls, pigm o " Soluble types- have slightly higher molecular weight ‘polymers which are modified to achieve. partial
HNO, (cons.) R - Carls, ,pfsmgnt }eﬂch B l;igment leadi solubility in aliphatic solvents, Both types are réat?i.]y' soluble in many organic solvents, and there
o o No reaction’ ‘ 1s no difference between the two types in the solubility characteristics of the paints after drying,
H,PO, (conc) . R Pigment leach The acrylic enamels utilized  as topcoats for automobiles are of three types: (1) solvent- f
! ,H‘Cl {conc) o .. Nore c".°‘" e ' No reaction thinned enamels, also referred to as organic dispersed enamels, (2) non-aqueons dispersions, and } .
NaOH (30%) ‘ : "' No reaction St ‘ Solution turns green (2) water-based enamels.’ All ‘three types are modified -acrylic vesins containing acrylic and i ’
k RN 7 ¢ No reaction SR o methacrylic acids as well as hydroxy-containing‘ monomers. The carboxyl and hydroxyl .groups !
DMF- . NN NA T provide reactive sites for the crosslinking between polymer chains. The cross-linking agent most fl
Acetone® - N reagticn ' commonly used is butylated melamine formaldehyde, , o ‘ i
; , L T The water-based acrylic enamels are based on polymers similar to those used in the organic [ ]
*Room temperature only; B. P. of acetone s 56.5 C : dispersed enamels, except that the percentage of hydroxy-containing monomers is reduced and the {
' : : “ pei‘centage of the free acids is increased. The cross-linking agent for these enamels is fx
g TALE 7. Epoxy paint—temiperature as. noted . hexefmethoxy-methyl‘melamme. Thf& water-based erfamels, at .the pres.ent. time, represent a smalj p
o et o : —— portion of the total amount of acrylic enamels ysed in automotive applications. Their ugse has been 'f[
ko g - T e T et £S5 stimulated by antipollution regulations, however, particularly on the West Coast, and their use is- |
: : ‘ : ' ' o _ - e - 80°C o likely to increase in the future, - R . : j
; Y e Room temperature: - ' : ’ The types of chemical bonding involved in the cross-linked acrylic enamels are numerous,
" Solvent L g ‘ o Soluble The principal types of bonds include: S i
' Yoo 1. Softeng, browns . e Lo Ry : . o sl iy e . cy . i
H,50, (conc) " No rexction 1) Ester lxnkagg§ between the methylol group of the melamine and the free acid in the i
R B ' HNO, (cone) No reéctTOfl | " No reaction acrylic chain, and ?he ester linkage of the hydroxy-alcohol in the acrylate, E
o | H,PO, (eone) NO,@F“T No reaction. 2) l*?_ther lmkages: betw,ggg the‘ methylol group of the melamine and the free hydroxy groups {‘
St : " No reaction = Incorporated into the Gerylic polymer, - : {
kHCl (co_"c') : No reaction Mo xeaction 3) Alkylamine-type linkages between the melamine and the methylol groups, . i
| NaOH (30%) = "=~ "No reaction ~ v : o ’ ;
o No reaction - Co s Each of these represents candidate linkages to he chemically attacked and broken in order to
! bMF " No reaction NA solubilize the otherwise insoluble polymer. The most sensitive bond t6 chemical attack is the ester
" Acetone* . T bond. Bonds of this type are susceptible to hydrolytic attack by strong base, e.g.s ethanolic KOH,
B T i The alkylamine linkages may be broken by Hoffmann degradation. This degradation is carried out
*Room temperature °’!FY‘ B, . of acémne B by exhaustive methylation of the amine with ‘methyl iodide, oxidation of the product with
iy ' ‘ hydrogen peroxide, followed by pyrolysis of the product. Because of the complexities of this latter

tertiary-butanol), this method was _appliedvsucqessful.ly.. R . SR :
Saturated ethanolic KOH i the'temperature"range of 80-100 °C was found to be suitable for
hydrolyzing the ester bonds. However, the solution must be freshly prepared or the re
entirely reproducible. A saturated. solution of KOH jp tertiary-butanol was found t
suitable reagent for the enamels; this reagent need not be freshly prepared.
The water-based enamels are not dissolved’ by hot alcoholic KOH unless they are first treated

with a strong acid, A Pretreatment with hot conc. nitric acid chemically modifies the polymer to
the extent that it becomes soluble in hot aleoholic KOH. . :

approach, the former approach was first attempted. With a slight modification (substitution of

sults are not
0 be a more

D. Automotive Pairts—Sequential Solubility Scheme . f
© e h . v . - o N : ’ s . N RS 1“56 Of'an array 0 |
an Th tudy ‘of solubility characteristics of household paints fol'l(')ws’the ‘f::t:redt Tomcats

, e: :;sess -the - responses,  e.g.; the degree of SOluPll?tjy'.en@ e t,esting poosts 0w

. sobverte ".0, trast, i many instances, were found:to Tequire a sequen v h__ e, =2

: Sl asemonion by i ;n for t)lll' cheme baékgr()und information is present‘?d on the d in th
cal S r express the raticnale for this s¢ s D g1 C e s fictced & the

better expteilslat are to be ‘broken .in sclubilizing such palnt:j«)f' - Autqmo&lv’leTshe‘ orylic xesins may
bond 'tygest in recent yéaré have been finished thh.acryh?:topcoats, et sy
Um'md“' ;18 g straiéht-éﬁain ‘thermoplasticfai@”in thg 'acryllc - lacquers, pr er !
be in either a straigh , ( noquer |

~.thermoset form as in the acrylic gname]s:

# Solvent-thirined lacquers are also referred to as acrylic solution or organic dispersed Incquers.

“NAD lacquers are also referred to as acrylic dispersion lacquers,

- o o . o
* Williams, op cit, ; A
* 3 Williams, op eit.. "
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. 4. CONCLUSIONS | o O ‘
i - Prior to this study, attempts to use solvents to characterize paint consisted of one-step tests, ) ‘ R ‘ !
% i.e., if a solvent failed to dissolve or react with a paint sample, it was discarded and another ; .
3 reagent was tried. This approach is sufficient to characterize, the solubility reaction of reagents B IR o . { ‘
: with household paints. The use of one reagent as.an, activator, with another solvent used in tanden . v . : o i
i on the same sample, is a novel approach. The present work describes a method wherein acrylic : o - NBS TECHNICAL PU BLICAT'ONS j
s lacqirers, organic-dispersed enamels, und water-based enamels can be distinguished by sequential : " o e . ﬂ : %«; N
tests. The method is outlined in figure 1. Primers do not interfere with this procedure. This PERIODICALS v ." NOTE: The principal publication outlet for the f ing d 1
: - . o ‘ L . ; iy P . D2 ) or the foregoing data is {
‘ repr,esen'ts a s.ubstantlal breztkthrough in the use of solubility testing for the characterization of JOURNAL OF RESEARCH—The Journal of Research of the thebl.!ournal of Physical and Chemical Reference Data (JPCRD) {
3 automotive paints, ' : ' @ 4 National Bureau of Standards reports NBS research and develop- - l:'uclShed quarterly for NBS by the American Chemical Society 1
i ~ s < 5. ment in those disciplines of the physical and engineering sciences in (ACS) and the American Institute of Physics (AIP). Subscriptions,
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