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ABSTRACT OF THE DISCLOSURE 

The use, in the colored liquid penetrant method for 
detecting surface discontinuities in a workpiece, of a de 
veloper composition comprising a dispersion in a liquid 
vehicle of ?nely divided discrete particles of an organic 
pigment that is insoluble in said liquid vehicle but that is 
soluble in chlorinated and ?uorinated hydrocarbon sol 
vents. After application of the developer composition to 
the penetrant-treated surface and the dissipation of the 
liquid vehicle, the remaining layer of pigment particles 
forms, with any residual colored penetrant color, indica 
tions that are visible to the operator under appropriate 
radiation to indicate the location and extent of any surface 
discontinuities. Thereafter, the residual developed colored 
indications are completely removed by dissolution in a 
chlorinated or ?uorinated hydrocarbon solvent, as by the 
use of a solvent degreaser. 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This is a continuation-in-part of my co-pending parent 
application for patent Ser. No. 619,000, ?led Feb. 27, 
1967, now abandoned, and constitutes an improvement 
over the invention disclosed and claimed in US. Patent 
No. 2,707,236, dated Apr. 26, 1955, exclusively licensed 
to the owner of said parent application and of this con 
tinuation-in-part thereof. ' 

SUMMARY OF THE INVENTION 

This invention relates to a developer composition 
adapted for use in the colored liquid penetrant method of 
non-destructive testing for the detection of surface dis 
continuities, ?aws, cracks and the like. The developer 
composition is applied to the surface of the workpiece 
undergoing test after the application of a colored liquid 
penetrant and after the removal of any excess of penetrant 
from the surface without, however, removing penetrant 
entrapped in any surface ?aws. 
The developer composition of my. invention is intended 

to be used in place of previously known wet developers 
that comprise dispersions of ?nely divided inorganic pig 
ments or solids such as talc and the like, in a solvent-type 
liquid vehicle such as a water-soluble alcohol or a volatile 
hydrocarbon or chlorinated hydrocarbon liquid in which 
the pigment is, of course, insoluble. Such wet developers 
have been used in the penetrant method for the non 
destructive testing of surfaces to detect discontinuities 
therein. The penetrants commonly used are those that are 
of an oily nature, including petroleum hydrocarbons and 
other water-immiscible oils and solvents, used either as 
such or containing an emulsi?er, or surfactant, that perm— 
its the liquid penetrant to be removed by water washing. 
These types of liquid penetrants can be used in conjunc 
tion with the developer composition of my present inven 
tion. While it is preferred that the penetrant be one that 
is colored by dissolution therein of a visible dye, rather 
than a ?uorescent dye, ?uorescent dyes can be used, in 
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which case the developed color indication will be observed 
under black light, i.e. ?ltered ultraviolet light. 
The improvement in the developer composition of my 

invention is believed to reside in the use, as the pigment, 
of an organic solid that is insoluble in the liquid used for 
suspending the pigment particles but is soluble in solvents 
such as are suitable for use in a solvent degreaser system, 
namely, in chlorinated or ?uorinated hydrocarbon sol 
vents, whereby after the application of my developer com 
position and the removal of the liquid vehicle thereof by 
evaporation, drying or the like, the ?nely divided par 
ticles of the organic pigment remaining on the surface 
can be removed in a vapor degreaser system, or by dis 
solving the pigment otf of the surface by the application 
thereto of the foregoing solvents. 

Prior to such removal, the developer composition acts 
to develop a color indication by drawing out of any sur 
face discontinuities the colored‘liquid penetrant or such 
residue thereof as may be entrapped therein. Such draw~ 
ing out of the entrapped penetrant is the result of the 
conjoint solvent action of the liquid vehicle of the devel 
oper composition before dissipation of said liquid vehicle, 
and the capillary action of the residual layer, after such 
dissipation, of closely adjoining discrete solid particles 
of the organic pigment upon the colored liquid penetrant 
to spread the same and thereby enhance the visibility of 
the resulting color indication. 
Where hitherto known developers have been used, it 

has been necessary to remove the residual developer layers 
from the surface undergoing test by an often tedious proc 
ess of washing with water and scrubbing. In view of the 
solvent action of chlorinated and ?uorinated hydrocarbons 
toward the dye of the penetrant and also the organic pig 
ment of the developer, the discrete organic pigment par 
ticles remaining as a color indication on the surface tested 
can be simply and expeditiously removed in a vapor de 
greaser system or by the application of hot chlorinated or 
?uorinated hydrocarbon solvents. In a few seconds the 
object or part undergoing test is complete free from any 
pigment particles as a result of such solvent action. 

It is therefore an important object of this invention to 
provide a developer composition comprising an organic 
pigment that is insoluble in the liquid vehicle of the 
penetrant but that is soluble in chlorinated or ?uorinated 
hydrocarbon solvents and a method for its use, wherein 
the pigment coating remaining after development of the 
color indication and drying of the developer composition 
can he simply and expeditiously removed by subjecting 
the surface undergoing test to the solvent action of a 
chlorinated or ?uorinated hydrocarbon, as for instance, 
in a solvent degreaser system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Other objects, features and advantages of the invention 
will be readily apparent from the following description 
of certain preferred embodiments thereof, although varia 
tions and modi?cations may be effected without departing 
from the spirit and scope of the novel concepts of the 
disclosure, and in which: 
My improved developer composition comprises, in gen 

eral, a liquid suspending vehicle containing a solid organic 
pigment dispersed (or dispersible) therein in a ?nely di 
vided state. The liquid vehicle for suspending the developer 
pigment is preferably a volatile organic liquid which is a 
solvent for the dye used in the colored liquid penetrant 
to aid in drawing out colored penetrant residues entrapped 
in any surface discontinuities, but the suspending vehicle 
must, of course, be a non-solvent for the suspended devel 
oper pigment. Suitable liquids for suspending the devel 
oper pigment are volatile, highly polar solvents, such as 
the lower molecular weight, C2—C4, water-soluble aliphatic 



3,642,654 
monohydric alcohols, preferably unsubstituted, such as 
isopropanol (which has a boiling point of about 80° C.). 
At temperatures below about 100° F. the developer is 
relatively insoluble in any of the suspending liquids. 
The solid organic pigment selected should, of course, 

be insoluble in the liquid used for dispersing the pigment, 
and while meltable, it should have a high enough melting 
point to be solid at the highest normal operating tempera~ 
tures to which the developer composition is subjected in 
use as a developer, normally about 80~85° F, yet have 
a low enough melting point to melt at whatever tempera 
ture, up to about 250° F. (the boiling point of perchloro 
ethylene), at which a vapor degreaser solvent is used for 
dissolving the pigment 01f the tested surfaces. Solvents 
such ‘as perchlorethylene, trichloroethylene, or trichloro 
trifluoroethane are among those in which the pigment is 
soluble at their boiling points. Preferably, non?ammable 
solvents are employed. 

Examples of suitable solid organic pigments are: di 
phenyl phthalate, which is a White powder, crystallizing at 
about 69° C., soluble in ketones and esters, and in chlo 
rinated hydrocarbons, but insoluble or only slightly solu 
ble in lower boiling point alcohols such as ethanol at 
room temperature; octadecane, which is available as 
needle-like crystals having a melting point of 28° C., a 
boiling point of 305—7° C., soluble in ether and acetone, 
and slightly soluble in lower boiling alcohols at room 
temperature; methyl beta naphthyl ether, having a melt 
ing a point of 72° C., and slightly soluble in ethanol; 
and acenaphthene, available as needle-‘like crystals, having 
a melting point of 96° C., a boiling point of 278° C., and 
slightly soluble in ethanol at room temperature. All of 
these organic pigments are su?‘lciently soluble in the ‘afore 
mentioned chlorinated and ?uorinated hydrocarbon sol 
vents to be removable in vapor degreasers employing such 
solvents. 

In order to increase the ease of dispersing the solid 
organic pigment and maintain it suspended in the selected 
liquid vehicle it is preferable to use a surfactant compati 
ible With the liquid vehicle to function as a dispersant 
for the pigment particles. A great many surfactants can 
be used for this purpose, but, by way of example, I have 
found that any of the following surfactants are most 
suitable as an anionic surfactant, a sodium salt of a 
alkylaryl polyether sulfonate, available in liquid form 
as a 30% concentrate, or a sodium salt of an alkylaryl 
polyether sulfate, available in paste form as a 20% con 
centrate; as a cationic surfactant, stearyl dimethyl benzyl 
ammonium chloride, available as a paste of 25% concen 
tration, or as an 82% active dispersion in isopropanol; 
and as a nonionic surfactant, a nonyl phenyl polyethylene 
glycol ether; available as a 100% active liquid. 
My developer composition consists essentially, then, of 

the organic pigment, the surfactant-dispersant therefor, 
and the liquid vehicle for suspending the pigment. The 
ranges by Weight can be: solids content from 5 to 15% 
with the organic pigment content preferably constituting 
about 10% by weight of the total composition; the sur 
factant-dispersant preferably about 1.25% active ingredi 
ents by weight of the composition; and the balance, the 
liquid vehicle. The percentage of dispersant should be 
suf?cient to give the desired degree of dispersibility to 
the developer composition so that the ?nely divided pig 
ment particles can be redispersed if they have settled out 
on standing. However, the amount of surfactant can be 
varied between 0.9 and 2.5% by weight and give good 
results, with 1.25% optimum. 

If the organic pigment, as for instance, diphenyl phthal 
ate, is not available in sufficiently ?nely divided form, 
as purchased from the supplier, it is preferably ground 
or milled to an average particle size of about 20 microns, 
although somewhat ?ner or coarser size particles can be 
used quite satisfactorily. In general, the ?ner the particle 
size, the greater the capillary action of the pigment parti 
cles toward the colored liquid penetrant, or penetrant 
residue, in or about the surface discontinuity, and con 
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sequently, the greater the visibility of the color indication 
upon development. 
The developer composition of my invention is particu 

larly suitable for use in a dyed liquid penetrant method 
for detecting surface discontinuities in which the pene 
trant has dissolved therein a dye that is also soluble in 
the liquid vehicle of my developer composition. In that 
event, upon application of my developer composition to 
the surface undergoing test after the removal of the excess 
of penetrant from the surface, the liquid vehicle of my 
developer composition serves to dissolve the entrapped dye 
and/or dyed penetrant or penetrant residue and draw 
the same out to the surface. Then, upon evaporation of 
the liquid vehicle of the developer composition, the dry, 
?nely divided organic pigment particles that remain on 
the surface in discrete by closely adjacent solid form 
serve by capillary attraction to draw the resulting dye solu 
tion up into or onto the particles and thereby form a color 
indication of enhanced visibility to the unaided eye. 
Where as is preferable, the dye used in the penetrant 
is a visible dye, the indication is examined under visible 
or “white” light. Fluorescent dyes can, however, be used 
satisfactorily under the same conditions as to liquid sus 
pending vehicles, pigments, etc., and the resulting ?uo 
rescent color indications examined under black light. 

After the observation of the color indication, or color 
indications, has been by the operator, the remaining 
developer coating is readily removable by placing the 
object undergoing test in a vapor degreaser and there sub 
jecting the remaining pigment coating to the action of the 
degreaser solvent to dissolvent away the pigment. Any of 
the usual chlorinated or fluorinated hydrocarbon solvents 
that are or can be employed in a vapor degreaser system 
will readily dissolve any of the foregoing named organic 
pigments. The chlorinated hydrocarbons include perchlo 
roethylene and trichloroethylene, and also methylene chlo 
ride, ethylene dichloride, tetrachlorethylene and admix 
tures of two or more thereof, as well as other blends com 
mongly used in solvent degreasers. The useful ?uorinated 
hydrocarbon solvents are usually mixed chlorine- and ?uo 
rine-containing compounds that are very volatile but are 
liquid at temperatures below about 100° F. Trichlorotri 
?uoroethane has a boiling point of about 117.6“ F. 

If the temperature at which the organic developer pig 
ment is removed is a temperautre above the melting point 
of the pigment, the molten pigment dissolves more rapidly 
into the solvent used in the solvent degreaser system than 
when in solid form. 
The following will serve to illustrate a preferred man 

ner of application of my developer, with reference to the 
use of a colored liquid penetrant such as any of those de~ 
scribed in the so-called “post-emulsi?cation” patent to De 
Forest et al. No. 2,806,959‘. 

EXAMPLE 
A colored penetrant such as that of Formula No. 4 is 

used comprising: 
Percent by volume 

VM & P Naphtha ____________________________ __ 75 
Partially hydrogenated terphenyl ________________ __ 25 

and a visible dye, No. 322 Met‘ford Oil Red dye in the 
amount of 3 grams per 100 ml. 

After the application of said penetrant to the surface 
undergoing treatment, a liquid emulsifying agent is applied 
over the penetrant treated surface to render the penetrant 
removable with water. Any excess of emulsi?er and pene 
trant is then washed off the surface with water without 
removing unemulsi?ed penetrant from surface discontin 
uities in which the penetrant has become entrapped. This 
is all described in the aforementioned patent. 

Thereafter, in accordance with the present invention, my 
developer composition is applied by immersion of the 
workpiece into a bath of said composition, or by spraying 
or ?ooding the composition over the surface of the work 
piece. After allowing the applied developer composition 
to dry, well-de?ned color indications appear, if a visible 
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red dye is used in the penetrant, wherever surface discon 
tinuities of su?icient dimensions have entrapped the col 
ored penetrant. 

After inspection, the residual developer composition left 
on the surface is removed by placing the workpiece in a 
vapor degreaser employing a chlorinated or ?uorinated 
hydrocarbon solvent that is a solvent at its boiling point 
for the organic pigment used as the active developer in my 
developer composition. 

I claim: 
1. A developer composition for use in the colored liquid 

penetrant method of detecting surface discontinuities by 
developing color indications from colored penetrant resi 
dues entrapped in such discontinuities, said composition 
consisting essentially of a liquid suspension of ?nely di 
vided particles of an organic pigment that is relaitvely in 
soluble in the suspending liquid at temperatures below 
about 100° F., but readily soluble in hot liquid chlorinated 
hydrocarbon solvents, said organic pigment being selected 
from the group consisting of diphenyl phthalate, octade 
cane, methyl beta naphthyl ether and acenaphthene where 
in said suspending liquid is a relatively volatile CTC4 
water-soluble aliphatic monohydric alcohol. 

2. A developer composition as de?ned 
wherein said alcohol is isopropanol. 

3. A developer composition as de?ned by claim 1, 
wherein said alcohol is an unsubstitued alcohol. 

4. In a method of penetrant inspection for detecting 
surface discontinuities, the steps comprising applying to a 
surface a colored liquid penetrant, removing from said 
surface excess penetrant but leaving penetrant residues 
entrapped in any surface discontinuities, applying to said 
penetrant-treated surface and drying thereon a suspension 
of ?nely divided pigment particles in a liquid vehicle 

by claim 1, 
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adapted to develop color indications by the conjoint dis 
solving and capillary action of said liquid vehicle and of 
said pigment particles, respectively, toward any entrapped 
penetrant. 

said pigment being an organic compound selected from 
the group consisting of diphenyl phthalate, octade 
cane, methyl beta naphthyl ether and acenaphthene 
that is soluble in hot chlorinated hydrocarbon sol 
vents, but is insoluble in said liquid vehicle, and re 
moving said pigment from said surface by a solvent 
selected from the group consisting of chlorinated and 
?uorinated hydrocarbon solvents. 

5. A method as de?ned my claim 4, wherein said liquid 
vehicle is a relatively volatile C2C4 water-soluble aliphatic 
monohydric alcohol. 

6. A method as de?ned by claim 5, wherein said alcohol 
is isopropanol. 

7. A method as de?ned by claim 6, wherein said pig 
ment is an organic compound selected from the group con 
sisting of diphenyl phthalate, octadecane, methyl beta 
naphthyl ether and acenaphthene. 
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