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SUMMARY

Many protective filters used for personnel protection against leth al airborne chemical
agents contain structural flaws that  usually are not detected by laboratory performance tests. These
flaws const i tute  a weakened structure which can eventually result in performance t’ailures especially
al’ter being subjected to stresses not normally encountere d in laboratory testing , packaging , and
shipping. Most of these hidden defects can be detected by classical rad iography , but proh ih i t ive
costs and t ime preclude the e ffective use of manual radiograph y.

Infrared techniques have been successfully applied for detectin g several types of
defects in protective filters . Other techniques employed with some degree of success were X-ray
sensitive vidicon and radiation gauging, both of which are advances from the outgrowth of classical
radiography.
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N ON DI: STR UC ’F IV F Ti STING OF STRUCTURAL I ) I F l ( ’ I F N ( I F S
IN PROTECTIV E FILT E RS

I. INTRODUCTION.

Protective l’i l te r  elements are critical components of equipm ent  designed to provide
individual  defense against lethal airborne chemicals . Any f i l t ra t ion system is no better than  the
ove ra l l per t’ormance of its f i l tering element. By nature of their design, protective fil ter ele m ent s  are
not readily adapted to rapid nondestructive testing by classical methods. Man y internal  defects are
subtle and can barely be discerned. This study involves the investigation of .cha~act.c r. s tmc ~
considered inspectabl e by nondestructive testing (NDT ) approaches. Primary efforts were directed
toward infrared and radiographic techniques .

II .  INSPECTION APPROACH.

A. Requirements.

Previously , the inspection of ’ f i l ter elements was primarily destructive in nature or was
conducted by visual observation of defect s which were manifested by surface indications. Certain
functionabi l ity tests , suc h as a r-~. asurement of airflow capacity and the time-to-failure of the
neutralizing medium, were also conducted , but they do not ~ ve a reasonably good indication of the
filter ’s structural integri ty .

Current design requires fabricat ion using a variety of polymeric materials which hav e
similar thermal , electrical , and physical properties. The location and orientation of critical junct ions
make most routine NDT methods ineffective. There exists the need for automated inspection
techniques amenable to high volume production at low cost.

B. Filter Types and Defects.

In considering means of ’ nondestructively testing protective filters , two types of filters
were selected for study. One is the M I 3 A 2  filter element for the M l 7  protective mask , and the
other is the M2 filter pad element for the infant protector enclosure. These filters diffe r in size and
design but are fabricated from similar material. To a great extent , the same types of defects are
common to both types of filters. The infant protector filter , shown in figure 1 , is rectangular with a
perimeter of approximately 56 inches , with a maximum thickness of 1/3 inch in the border. The
large surface area of this filter panel facilitates the exchange of air at low pressure s conducive to
infant breathing.

Nearly all of the defects in the filter panel occur in the edgeseal area where
charcoal-impregnated pads are bound by a plasticized compound called edgeseal which solidifies
under heat and pressure to form a rigid border. Figure 2 shows a cutaway view of the M2 panel.

Voids, comprised of cracks , porosity, blisters , and open channels are the most
f requen t ly  occurring defects in this filter. They may significantly weaken the filter ’s structure as
well as present an incipient path bypassing the neutralizing element of the filter. Figure 2 shows an
open-channel-type void in the edgeseal. Voids comprise one of the more serious , subtle defects and
they cannot usually be detected by visual inspection. In some cases, wherein voids extend close to
the surface , they can be detected visually by flexing the edgeseal while watching for bubble-like
appea rances .
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Charcoal i n the  edeeseal is au t i f l : Icc eptable  couni i t iou i  which  ind i c a te s  t h a t .  dur ing  the
fab rication process . charcoal loosened f r o m  the  f i l t r a t i o n  pad and u i i i x c d  w ith the edgeseal. Th is
type of de fect is also indicat ive  of a th in  wa l l and a weakened s t ructure .  In  another  type of defect

• called screen ing, the poi~ meric protective screen which covers the f i l t r a t ion  I)ad becomes shifted or
is unevenly cut.  During fabr ica t ion , the edge scal sol idif ies  w i th  the screen prot ruding on one side of ’
the panel causing improper bonding.  A sh i f t ed  screen usual ly  indicates  a short scre en on t h e
oppos ite side of ’ the f i l ter  which caves an unprotected pad and weakened structure.

The \113A2 filter element may contain the sani e defects as the M2 panel plus two
additional significant types: coring and a defective but t  seal. This filter , shown in figure 3. is
approximately 5-1/2 by 4 inches and has a thickness ot’ approximately 3/4 inch. An a luminum
connector ring, used for accommodating an external  air source , extends an addi t ional  3/8 inch on
the filter ’s convex surface.
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I lie displaced screen men t ioned  above wh ich  is comin o i l  t o b ot h types of f i l t e r s  is
ii  in f igu re 4 . Scree ning is more prev a lent  in the  M I 3A2 . pro l~ahl ~ because of ’ t h is f i l t e r ’s more

coi ui p lex des ign. I ’ lu is de tec t  can t r e ( l L i e f l t l v  be detected b~ vis ual inspec t ion .

(‘oring is a hard-to-d etect f law direct ly beneath the connector  ring.  It  is bel ieved to
origina te dur ing  the f ab r i ca t ion  process when the connector is crimped securely to the f i l t r a t i o n  pad
and polyp ropylene s t i t f e r a to i  - l’he f i l t ra t ion  pad is sheared in an arc susceptible to f o r m i n g  an
a u i n u l u s  around the  connector  t h u s  t ’orn iin g a channel  part ly  bypassing the f i l t ra t ion  pad. (‘or in g i n
the asse mb led fi l ter  has not been successfully detected by gamma- . neut ro n- , or X-radiogr aphy .

The del ’ective bu tt seal can ori ginate from a var ie ty  of cau ses such as a shif ted pad .
improper  mold temper a ture .  d i r ty  or dusty padding. This det ’ect causes a wea kened st ructure  in the
edgeseal ar ea and ol ’ten results in a thin wall , a void , or a separation of the fi l tration pads. .  Unless
seve re , a de fective bu t t  seal cannot he detected visually wi thout  sectiona l izing the t ’dte r. Figure 5
shows a detective bu t t  seal.

Other defects occur in both the M2 filter panel and the M l  3A2 filter element but  are
n ot co n sidered as de t r imenta l  as those a lready m en t ione d , p r imar i ly  because of the infrequen cy of
occurrence or because they would be readily recognized at some station during fabrication.

C. Inspection Techni ques.

Thermal Method. The thermal technique considered feasible for this study invol sed
the use of an infrared imaging system. The specimen being tested must underg o a temperature
change in order to enhance defect detection. The primary method emp loyed was dyna mic hea t ing
which consisted of rapidly heating the specimen ’s surface by convection currents. Theoretic ally.
internal  flaws absorb heat at a different rate than the surrounding area forming an isotherm which is
then  detected by an infrared sensitive camera.

Two important  factors which help determine the applicability of thermal testing
techniques are the  rate of introduction or absorption of heat (thermal  gradient) of a specimen and
the t ime frame in which the thermal contrast between the specimen and defect is at a m a x i m u m .
General ly,  in thermal testing, a defect is only detectable if its depth beneath the surface is less than

— or equal to i ts  diameter or minor dimension. Also , if the defect is an inclusion whose thermal
impedance approaches that of the host material , detectability will be reduced.

Ini t ia l ly ,  the Oak Ridge National Laboratory (ORNL) approache d the investigation
using computer modeling. Necessary thermal characteristics of the edgeseal material were adopted
using values of soft rubber whose physical properties approximated those of the edgeseal. these
being thermal conductivity,  1.28 X l0 ’~ Btu / in mm °F. and specific heat.  0.45 Bt u ~lb °F. The
measured density of the edgeseal was 4.66 x 10.2 lb/ in 3 .

In d etermining heat input  rate and time of max imum thermal contrast ,  the function
may be resolved into its Fourier components and each harmonic treated separately. The velo ci ty of
a harmonic thermal wave propagating through a material is given by the equation V 

~~~~~where k is the diff u sivity of the material and w the angular frequency of the wave. The wave is
at tenuated as e’2h7’~(/X , where x is the distance into the material and X the wavelength. The factors w

- - and X are related by w 8ir 2 k/X 2 . This indicates that therm al waves are a t tenuate d in proportion
to their frequency and that  the t ime of optimum thermal contrast of a flaw can he calculated.
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When heat is first applied to a spec im en , t he shorter wavelengths  travel qu ick l y  hu t  arc
damped out in a short distance : hu t ,  as t ime progresses , the longer waves propagate to greater
depths into the material .  The earliest detection t ime of ’ a subsurface flaw occurs when a wavelength
equal to the depth of ’ the delC ct has reached the dekct and reflected hack to the surface.  Shorter
waves are severely a t tenuated  and longer ones , having slower velocities , t ake longer to be reflected.

For experimental  tests , a slab of edgeseal material measuring 4-5/6 by 3-1/ 8 by
0.48 inch was prepared by drilling two flat-bottomed holes inwardly from the back surface. These

simulated det ’ects measured 5/ 16 inch and 5/32 inch in diameter and both were drilled to wi th in
Sf 32  inch of the front fur f ’ace. The smaller hole ’s depth was equal to its diameter and should he
marginally detectable.

A thermal wave with X=5/32 inch propagates through the edgeseal at a velocity of
0.49 inch per minute and takes approximately 38 seconds to travel to the flaw and back. This is the
earliest t ime after init ial  heating that  one can expect to detect the flaw using an infrared camera.
Assuming total reflection, the ampli tude of that wave is attenuated to approximately 0.00O3Y~ of its
original value. The longe r (and slower) waves are .ittenuated less, but as A exceeds the size of the
defect the coefficient of re flection decreases thus lowering the resolution of the thermal waves.

For a defect 5/ 32  inch in diameter , with the same depth , the maximum contrast in
detecting infrared radiation occurs when wavelengths of two or three times the defect diameter are
reflected to the surface. The times involved are 1.27 minutes and 1.92 minutes , respectively.

Penetrating Ionizing Radiation. All materials are permeable to penetrating ionizing
radiation. Each material has a characteristic interaction with the radiation being projected through
it. By analyzing the exiting beam for such qualities as degree of attenuation , the physical integrity
of that material can be determined. Thre e adaptations of the use of pene trating ionizing radiation
for examining protective filters are given below:

1. Low Kilovolt X-Ray (Manual) .  Since all ~~~ f the material used in the fabrication
of both types of filters has low density values , low kilovolt X-ray should be optimally suited t’or
routine radiographic app lications. All of the NDT techniques for inspecting subsurface defects can
be supplemented by manual X-ra y initially, because this well-established process is invaluable in
locating and providin g a permanent visual record of deficiencies.

Factors, which preclude the use of manual  radiography in high volume production and
particularly in the case of protective filter elements, are excessive costs and time require d to
produce a radiograph.

2. X-Ray Sensitive Vidicor i. A method of scanning considere d applicable for
inspecting filter elements is the X-ray-sensitive vidicon. The equipment used was a Cohu black and
white closed-circuit television system with a Circon shading amplifier coupling the camera and
monitor. The X-ray-sensitive camera was a Machlett Dynamicon type ML-589. A device for moving
the filter for scanning was constructed from a series of pulleys and wire attached to a variable-speed
motor.

A radiograph of a defective filter was used to establish optimum parameters of X-ray
energy , current, focal distances , etc. The vidicon provides direct real-time static or in-motion
viewing of most items which are normall y viewed statically by radiograph. The system can he
programmed to provide electronic rejection of defective items.
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3. Radiat ion Gauging .  This N l)T technique  involves real—time mon i to r ing  of the
a t te nu ated r a d i a t i o n as a f fec ted  by fl aws in the bea m ’s pa th.  Basic components of the gaugin g
syste m consist of a radiation source , a detector , and a readout device or signal ana lyzer  as shown in
figure 6.

X-RAY OR
GAMMA RAY —

SOURCE

I I
I iCOLLIMATED

RADIATION I
BEAM 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
CONTROL

~~~~~~TOR A M P L I F I E R  _ ANALYZER

Figure 6. Block Diagram of Radiation Gauging System

In order to attain optimum sensitivity in gauging, the type and energy of radiation
must be selected to match the mass attenuation coefficient of the edgeseal material. The app l i ed
cathode potential best suited for inspecting approximately 1/3 inch of edgeseal , as found in the
M2 protective panel , is approximately 50 to 70 kv. At this potential , most of the radiation in the
beam has an energy range of approximately 20 to 35 kv.

In this study, the X-ray equipment used did not provide the desired stable output of
radiation. Therefore the use of this generator in radiation gauging was abandoned in favor of
radioisotopes.

A gamma-emitting isotope, americium-24 1 . was obtained for use as a source. It
provided a stable output, but the 60-ky monoenergetic gamma ray proved to be only marginall y
effective for use with the edgeseal.

Another gamma emitter, iodine- I 25, was selected because of its 35-ks ’ monoenerget ic
radiation. This isotope appeared to be ideal for inspecting protective filter elements using radiat ion
gauging. The primary disadvantage of iodine-I 25 is its short , 60-day hait l ife .
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A s t r o n t m u i u i — y t t  r i um n — 9t )  isotope was also used as a source. 1hi s  isotope emits  2. 2—M ev
beta radiation lii gh—sp eed el ec t r omis ~ w hic h can penetrate approximate ly  1 2  inch of edgeseal
material.

Radia t ion  detectors used in th i s  s tudy were N a b  I I ) and ( a l  ~ ( I n )  s c i n t i l l a t i n g
crystals , both types coupled w i t h  p h o t o m u l t m i l i e r  dcv uccs .  A ~s lu l l -gear—dr iven  meter mover was
used to convey th e sp ec iuu ien ( h i  rough the radia t ion beam. I t  provided u n if o r m  m ot ion but  i ts
maximum speed was 4.75 inches per m i n u t e  which is considered too slew for  production-type
inspection. For radiat ion gaug ing. t h ie f inal  stage in de tec t ing  f law s  in the f i l ters  was graphical ly
disp layed on a two—pen str ip—chart  recorder.

Ill . RESULTS.

A. Thermal Techni q ues.

Using a blower-type heat gun for dynamic heating . the samp le was heated at the rate
of approximately 0.00 19 Bt u / in 2 mm while being monitored with an infrared camera. The
surface was heated for periods ranging f rom 15 seconds to 2 minutes and the max imum thermal
contrast was noted. The op t imum time was 45 seconds with m aximun i  thermal contrast
occurring 2 minutes later. Figure 7 shows the re ctangular out l ine  of the u n i formly  heated sample.
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Figure 7 . Thermal Profile of Uniformly  Heated Sample
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Figure 8 depicts the detec t ion of the two holes 2 minutes after the cessation of
heating. The brigh t spot on the l e f t  is the 5/ 1 6-inch-diameter hole ; and that on the right , the
5/32-inch hole.

ORNL — DWG 76-3406

= FLAW SIZE

_____  

A~ W16 in.
B=5/32 in.

FLAW DEPTH~~5/32 in.
____  45-sec HEATING -

TIME 2 mm
—

Figure 8. Sample , 2 Minutes After Heating

The surface temperature distribution at 1 , 1.5 , 2.5 , and 3 minutes is shown in figure 9.
Note that the smaller (right-hand) flaw is only marginall y hotter (brighter) than the surrounding
area , whereas the larger flaw is easily detected. Even at 3 minutes , the larger flaw is easily visible ,
though lateral diffusion has smeared its image , while the smaller flaw is barely detectable. This
clearly indicated that voids could be detected down to a depth equal to their diameters in the
edgeseal material , which is approximately the best that one could hope for in thermal testing.
Though the simulated flaws were relatively large , this was for convenience rather than out of
necessity.

Thermal Leakage. The M I 3A2 filters were also tested by blowing hot air into the
filter while examining the input side with the infrared camera. Figure 10 shows the distribution for
this type of filter. Note the approximately radial flow of heat along fairly-well-defined paths. These
paths correspond roughly with channels in the white plastic separator in each filter as determined
by sectioning this type of filter. Portions of the test apparatus used for holding the filter register as
the two smaller light areas toward the top of the picture.

The heating element was turned off next and the test continued. Under these
conditions , the temperature of the inlet air dropped rapidly and cooled the hot filter element. The
temperature distribution of the filter under this cooling mode is shown in figure 11. Note that this
distribution is now a thermal negative of figure 10 with the former hot spots now appearing cooler
than the surrounding areas.
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Since no obvious leaks were detected in any of the filters , simulated ones were made
b~ piercing the fil ter wi th  hyp odermic needles. Four holes were placed in filter No. D-3 with a
needle 0.030 inch in diameter. l’he holes appeared to close when the needle was wi thdrawn and
were quite d i f f i cu l t  to locate v i s ua l ly .  They were easily found by heating, however , as can he seen in
figure 12.  1~he tour brig h t spots are caused by hot air streaming under pre ssure from the punctures.

HO L E S

I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

DIAMETER

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1

Figure 1 2. Thermal Image of Heated Air Leaking from
0.030-Inch Simulated Defects in Filter

Four additional holes having a diameter of 0.0 15 inch were then placed in filter
No. D-3 in an octagonal arrangement with respect to the orig inal four holes. The new punctures
were comp letely undetectable visually. The therm al distribution is shown in figure 13. One of the
smaller holes (below and between the lower two of the original four holes) is easily seen , whereas
two are very faint ly visible. In genera l , it was found that  the 0.030-inch holes could always be
detected while the 0.015-inch holes were sometimes detectable and sometimes not , depending upon
their location. It appears that this technique can he usefu l for examining the entire filter for
evidence of leakage and under conditions which approximate actual use.

This technique was also tried on one samp le f i l t e r  wherein coring was thoug ht to be
present. The area around the connector was monitore d for  t t ierm al leakage which could emanate
from a possible defect there. Coring was not detecte d.  Sub sequent sectioning of this filter revealed
that coring was present a l though it could not be detected even 1w radiographic methods prior to
disassembly.

B. Low-Kilovolt X-Ray .

Classical low kilovolt manual  X-radiogr aphy proved to be excellent for detecting
po rosity,  ho les . or cracking in the edg L ’seal of the in fan t  protector fi l ter but only fair for detection
of thin walls on the Ml  3A2 fi l ter .  However, the limited investigation at Oak Ridge National
Laboratory did not shio ~ sc ree n ing .  charcoal in t h e  edgesea l. or short screens.
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Figure 13. Thermal Image of Leakage from 0.030-Inch and
0.015-Inch Simulated Defects

Radiographic parameters were as follows:

1. Intensifying screens — no front screen and 0.010-inch-thick Pb back screen.

2. Type 11M” X-ray film.

3. Exposure — 80 to 100 mil liampere minutes.

4. Energy — 20 to 40 kilovolt constant potentia l

5. Film-to-focal distance — 65 inches.

6. Processing — manual according to manufacturer ’s recommendation. Figure 14
shows some of the defects which can be routinely detected with low kilovolt X-radiography.

Fou r sections (A. B , C. and D) of the edgeseal were removed by slicing through
representative discontinuities. as seen in the prints of the radiograph. These sections are shown in
figure 14 where the arrows in this figure denote the sample surfaces shown in figure 15 .

Sample A is sliced through an are a exhibiting a very sharp. jagge d , crackhike indication
on the radiograph. Note that the crack approaches 50(’% of the edgeseal thickness. Sample B is
through an area showing a less sharp but wider indication than noted in sample A. Note the laminar-
and linear-type void paralle l to the X-ray beam direction. In sample C’. an even wider indication than
noted in sample B can be seen. Note the larger magnitude of the void area as well as the large pore.
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Figure 14. Low Kilovolt X-Ray of Defects in M2 Filter
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. Arrow s denote direction of X—ray beam

A B C

I I

II
Figure 15. Sample Surfaces Showing Defects in M2 Fi lter

Sample D showed a wide indication with a very sharp, jagged line near the center on
the radiograph. The laminar-type void on the left edgeseal and the crack extending from the ri ght
edgeseal are prominent.

C. X-Ray Vidicon.

Using an X-ray vidicon system at Oak Ridge National Laboratory. some filters were
monitored for internal flaws on a closed-circuit , 525-lines-per-inch TV screen which also p ermitted
direct still and motion photography.

Figure 16 shows a contact print  of a portion of a radiograph of an infant protector
filter selected for study. The numbers 8, 9 , 10 .  . . 22 denote regions of cracking or void s ( l igh t
areas) in the edgeseal. Area No. 10 was selected for use in determining the opt imum conditions.
X-ray energies below 120 kv are unsatisfactory . The brightest image was obtained at 140 L~ . 30 ma. =with the filter located 5-1/2 inch from the X-ray target; however , geometric unsharpness SV aS rather
severe . Better resolution , although the image was not as bright , was obtained using the same X- r ay
energy and current but increasing the filter-to-X-ray targe t distance to 10 inches . There is a
left-to-right reversal of the monitor screen photos as compared to the contact print.  This is because
conventional viewing of a radiograph is from the X-ray source side while , with the X -ray sens i t i s  c
vidicon , viewing is from the detector side of the sample.
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Figure 16. Radiograph of Edgeseal with Numerous Voids
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Figure I 7 sh io~ s two di f I ~ r ent  selected regions ( N I )  I t )  and N )  20 . respec t i~ eI~ f I l l  t h e
f i l t e r ,  as i maged on the  i i i omim to r  screen, using the es tabl i shed o p l i m i l i i m  c ondi t i ons  of X — r a ~ energy.
cur ren t  dis tances , a nd sv ste i i i  gain.  F I me whi te  spots seen on the  ph otos are L a  use d h\ tIe ~ ts in the
selen ium target of t he  X—ra y sensitive vidicon ~nd would he n o n e x i s t e n t  i i i  .~ i ie ’~ V i ( h i c () i1 . ‘l ie
I S regions den oted  in f igure 1( 1 were visible on the moni tor  screen in t h e  s t a t i c  mod e.

I)~ namic  tes ts  were conducted to determine  the n i a s i m u m  prac t ic a l  speed tha t  the
f i l t e r  could be moved through the X—ray beam and st i l l  permit  observation of the  f i l t e r  l1av ~ s on the
m oni tor  scree n. The m a x i m u m  speed was approx ima te ly  52 inches per m i n u t e .  A l l  I S  re g ion s
denoted in figure I ( were visible. In fact , t he smaller regions (e.g.,  No. I 8 and No . 20 )  \~ c r c  n lor e

easily seen in t l ì is  dynamic  mode than under  in the stat ic condi t ions .

I). Radiat ion Gauging .

In this s tudy,  gauging was used primari ly on the M2 f i l te r  panel ,  using rad ioac t iv e
iodine- 125 as a source. Fi gure 18 shows a print of an X-radiograp h of a sect ion f rom one of the
de fective fil ters w i t h  sig ni f’icant channel-type voids occurring in the thic kest port ion of the  edgeseal.
On the outer surfaces , this area appea icd to be defect free : however , destruct ive sect ionin g ol the
f i l ter  showed tha t ,  in addit ion to channeling, there was a lack of bondin g between those sur face s  of
the padding and the edgeseal which were in contact. The extent (depth )  of the void at the  arrow in
figure 18 was t~ou nd to be 29’. of the edgeseal thickness at that location. A Str i l ) ch la r t  recording of
the  secti on of f i l ter  is shown in figure 19 which is representative of numerous scans ran.  Here , a
spec imen scan speed of 0.025 inch per second was chosen to n i atc ht  the chart speed giv ing  t i l e

recorder signature a one-to-one span ratio with defects in the f i l ter .  An arbi t rar y  scale i n t e n s i t y  gis  es
t he relative degree of a t t enua t ion  of edgeseal mater ia l ,  with the more extensive de fec t s  represented
by greater ampli tudes.  The intensi ty  of radiation , incident  upon the sc in t i l l a to r .  is i n creased toward
t h e le f t of t h e ch ar t. The dips show n n ea r bo t h th e begi n ni n g an d en d of t he scan are si gnatures  of
lead foil markers. The arrow in the center of figure 19 shows the scan of the same channel  vo id
pointed out by the _ irrow in figure 18. The large channel 1-1/4 inches above the ar m y1 is se ry
pronounced in both the radiograph positive print and the chart recording.

The iodi n e- I 25 source was positioned 4 inches from the detector. and i t s  35-k y gan in i a
— beam was collimated by a 5/ 64-inch-diameter orifice in a lead plate. Best scan results in radia t ion

gauging were obtained using a calcium fluoride crystal with a l ightpro ot ’ cover of I .25- mi l
aluminized M y l a r .  Siii ~e the CaF , (E u )  crystal is nonhydroscopic . it can he used w i t h o u t  the
waterproof seal s required for sodium iodide scinti l lators which significantly a t t enua te  low-energy
radiat ion.

Real-t ime scanning was used in inspecting each of the three zones of the M fi l ter
sepa ratel y. Comparable results were obtained at the maximum dynam ic  speed of 4 .~ 5 inches per
minute  which was limited by the synchronous , motor-driven specimen platform.  Scan results using
americium-24 l as a source were acceptable but lacked the lat i tude obtained w i t h  iodi n e- 1 2S.
Results using a 10 mCi strontium-yttrium-90 source , a 2.2-M ev beta emit ter ,  were considered r oom .
especially in the area where most of the defects occurred in the M2 f i l ter .  The t h i c k n e s s  of edge seal
in those areas approached the limit for beta particle transmission . There was also appreciable
int e r f ’erence from high-energy gamma associated with beta decay which could not he st ic ce sst ’ul!~
shielded out 
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Figure 18. Radiograph of Edgeseal in M2 Filter
Used in Radiation Gauging
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Figure 19. Stripchart Recording of Radiation Gauging of M2 Filter Edgeseal
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IV . ( ‘ON(’LUSION.

Protective filter elements can be inspected nondestructi ve ly by severa l proven
techniques. Thermal imaging , using inf ’rared devices , was successfull y emp loyed to detect some of
th e internal  flaws in the Ml  3A2 filter. Low kilovol t X-radiogr aphy revealed most of the d e f e c t s

f~~un d in the two types of’ filters studied in this project. Manual  radiograph y remains available as an
aid in questionable cases.

By using the X-ray vidicon , a variety of’ combinations pern ii t t ed high-speed inspecti on.
Real-time static , in-n iotion , or taped examinat ion of defects could be accomplished by automated
devices. Radiation gauging also proved successful. It is the least expensi ve of the nondestructi ve
test ing methods considered in this study.
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