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EXECUTIVE SUMMARY 

Previous studies by AMCCOM, Honeywell, and ORNL have demonstrated the importance of 
nitroesters and moisture in the deterioration of combustible cartridge case (ccc) munitions, 
particularly the adhesive joint strength and the case wall hardness. Accelerated environmental 
exposures and modelling have predicted field lifetimes under various conditions, but 
considerable round-to-round variability in adhesive joint tensile strength led to large confidence 
intervals in predicted lifetimes. This observation suggests the need for technologies for 
monitoring at the individual round level to supplement lifetime predictions in the quality 
assurance of ccc munitions. 

Two approaches to individual round monitoring appear to be needed to assure munitions 
performance and safety. Indicator strips which could be affixed to ccc rounds and which would 
change color in response to the buildup of nitroesters or moisture in the case wall would allow 
gun crews to rapidly determine the condition of munitions. Portable instruments which could 
rapidly and nondestructively measure these components in the ccc wall also are needed for more 
quantitative measurements. Such instruments could be used by the Quality Assiirance Specialist 
- Ammunition Surveillance in confirming the rounds identified as being defective by the 
indicator strips, and by ordnance personnel in the reconditioning and testing of the munitions. 

In the previous phase of this project, chemistries which could detect nitroesters and moisture 
were screened for their suitability in indicator strips. In this phase, those chemistries were 
further developed and the performance of prototype indicators was demonstrated in the 
laboratory. A nitroester indicator based upon a solid state version of a modified Griess reagent 
was found to change in color from white to red when exposed to nitroester concentrations of 
0.6 to 13 mg/g in a period of several d.  ‘Ihe intensity of color development was proportional 
to the nitroester concentration of the test squares. Cupric chloride was chosen for the moisture 
indicator, which turns from brown to blue-green when exposed to moisture. With this 
indicator, the length of time required for the color change was inversely proportional to the 
moisture content of the test squares. Periods of 5 to 19 d were required for 6 or 8% moisture, 
and morc than 35 d for a moisture concentration of 2,7%.  At their present stage of 
development, the indicator performance suggests that they would be most suitable for 
temporary, one-time tests of munitions rather than for permanent installation on the rounds and 
continuous indication. Further work on these indicators must address questions of indicator 
stability and lifetime, seiisitivity range, potential sources o f  interferences, and adaptation to and 
calibration with actual munitions. 

Two instrumental techniques were tested for their ability to determine moisture in ccc material. 
Electrical capacitance measurements were found to rapidly and nondestructively signify the 
moisture content of ccc material. An inexpensive ($325) cominercially available device for 
determining moisture in building materials could be readily adapted to munitions. It is highly 
recommended that adaptation and testing of this device be continued. It appears that a working 
device for field testing could be produced in the near future. Infrared spectroscopy also was 
briefly tested, but it  did not appear at this t ime to be as useful or promising as the electrical 
capacitarice technique. 
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INTRODUCTION 

Nitroester migration into the case wall from the propellant and moisture accumulation within 
the case have been identified (1-4) as important internal and external (respectively) factors 
which contribute to the physical deterioration of combustible cartridge case (ccc) munitions. 
The latter factor also may hinder proper ignition of the ccc and cause incomplete combustion 
in firing. Visual indicators sensitive to these factors and affixed to ccc rounds would allow 
quality assurance specialists or gun crews in the field to rapidly determine the potential 
reliability of individual rounds. Such visual indicator strips or bands would supplement field 
life predictions from accelerated lifetime testing and modelling in the assurance of munitions 
safety and performance. 

Previous work (5) in this task identified chemistries suitable for the detection of nitroesters and 
moisture in the ccc wall. A version of the Griess reaction was modified for a dry colorimetric 
indicator which in the presence of nitroglycerin (NG) or diethyleneglycol dinitrate (DEGDN) 
generates a brilliant red color. Inorganic salts such as cupric chloride, which changes from 
brown to blue-green upon hydration, were suggested as promising visual indicators of moisture. 
Both chemistries are compatible with ccc. 

This report describes the development and preliminary testing of prototype nitroester and 
moisture indicator strips, and the scoping of two instrumental techniques, infrared spectroscopy 
and electrical capacitance, which could lead to portable instruments for rapid and nondestructive 
testing of ccc in the tield. 
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NITROESTER 1 

Background 

As noted in our previous report (5) ,  the ideal nitroester indicator strip should meet several 
requirements: 

a. 'The indicator strip must be designed for placement on the surface of the ccc 
wall and indicate the level of total nitroesters (NG plus DEGDN) in the 
casing. It must not interfere with the storage, chambering, or firing of the 
round, 

b. l h e  color change must be readily visible. 

c, The chemistry of the indicator must be compatible with the ccc, and not cause 
deterioration of the ccc. It should not pose a hazard to gun crews. 

d ,  'The indicator strip should have a long lifetime (decades). 

To estimate the nitroester concentration in ccc which is associated with significant weakening 
of the skive joint, correlations and predictions were made from laboratory studies of full-up 
rounds. In the AMCCOM study ( I  ,2) M829 rounds were exposed to different temperatures and 
at intervals the tensile strength of the Skive joint was determined using coupons cut from the 
case wall after the exposures. Nitroesters were measured in samples of the cx$e wall taken 
from the bottom of the round. A linear regression was made of the tensile strength versus total 
nitroesters (NG pluc DEGDN). The data with the linear regression line and the (IS'% confidence 
intervalc are shown in Figure 1. The nitroester coricentration corresponding to Skive joint 
failure (0 Ibs/in) was calwlatcd to be 122 mglg. For the more conservative Honeywell 
suggestion (6) of 100 Ibs/in as a minimrim acceptable streirgth, a concentration caf 76 mg/g was 
calculated. 

In the ORNL study (4), accelerated environmental exposures of full-up M829 APFSDS rounds 
were followed by tensile strength tests of the whole skive joints. Nitroester analysis was 
performed on ccc wall sections taken immediately below the skive joint for 30 rounds selected 
from 7 accelerated environmental exposure tests. The tensile strengths (calculated as Ibs/in 
froin the strength of the whole joint dividd by its circumference) were subjected to a linear 
correlation with the nitroester content. Figure 2 shows the plot with the regression line and the 
95% contitlcnce intervals. Nitroester concentrations for two tensile strengths were then 
predicted froin the regression. The nitroester content predicted for a tensile strength o f 0  Ibs/in 
was 147 mg/g. The concentration predicted for the lowest tensile strength actually measured 
in this study, 15.3 Ibs/in (227 Ibs/joint), was 138 mg/g. This strength of 15.3 Ibs/in was for 
a round which survived the rigors of being exposed in the test chamber, placed in its protective 
case and transported by truck to the production line test equipment, and 
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Ni t roes te rs  Versus  S k i v e  Joint S t reng th  
Skive Jo in t  Coupons 

U 25 50 75 100 125 150 175 
Total N i t r c e s t e r s  ( m g l g )  

Fig. 1. Skive Joint Coupon Tensile Strength Versus Total Nitroester Concentration (2). 

Nitroesters Versus Skive Joint Strength 
Full-Up tv1829 Rounds 

0 
0 25 50 75 100 125 150 175 

Total Nitroesters (mglg) 

Fig. 2. Tensile Strength Versus Total Nitroester Concentration in Full-up M829 Rounds 
(4). 
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tested for chambering with a chamber gauge before being sti-ength-tested using a Slota 
apparatus. It appears to represent a low strength (but not necessarily the lowest strength) at 
which the Skive joint is severely weakened, but will still hold together for chambering and 
firing. The most conservative concentration would be for the 100 Ibs/in minimum tensile 
strength value suggested by Noimeywell (6). For this value, a nitroester content of 74 mg/g was 
calculated. This is in excellent agreement with the estimate from the AMCCOM data. 
However, the scatter in the QRNL data was considerable, because s f  round-to-round variability 
in both tensile strength and nitroester content for a given exposure condition. Therefore, a 
factor of 5 below the concentration equivalent to &e Honeywell lower limit (ca. 15 mg/g) was 
used as a conservative target for indicator seiisitivity to assure that the indicator will change 
color before the round is sevcrely weakened. 

Test Rectangle or Squares 

White blotter paper was used to simulate the surface of a ccc round. Squares of 1.9 cm x 1. .9 
cm dimensions and weighing ea. 150 mg each were dried in an oven at 100°C. Known 
volumes of a NG standard in methanol (1 mg/mL) were pipetted onto the blotter paper squares 
and dried until the surface liquid disappeared. The squares were not allowed to dry completely 
because the limited masses of NG would not effectively diffuse into the indicator strips without 
traces of solvent. 

Indicator Strip 

The nitroester indicator strip structure is diagrammed in Figure 3. "lit: indicator strip consisted 
of Nucleopore glass fiber filter with various combinations of the modified Griess reagent and 
powdered zinc applied to the upper or lower surfaces. The strip was sealed to the test square 
or rectangle rising Bel Art tape. 
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figure 3. Diagram of Nitroester Indicator Structure. 

Results and Discussion 

Indicator Design 

The indicator chosen is the moditled Griess reagent that is normally used in solution to test for 
compounds which contain the nitro group (-NO,). This reagent was the only chemistry located 
in our survey task (5)  which satisfied the criteria of being compatible with ccc material and not 
requiring an auxiliary light source (e.g., UV) for color development or fluorescence detection. 
In its typical application, a sample is added to a solution of N-(1-naphthy1)ethylenediamine 
dihydrochloride and sulfanilic acid. (This solution is the modified Griess reagent), Powdered 
zinc is added to the resulting solution. The zinc reduces nitrate to nitrite which reacts with the 
sulfanilic acid forming a diazo connpound which then combines with the N-(1- 
naphthy1)ethylenediamine dihydrochloride to form a diazo dye. This reaction is diagrammed 
in Figure 4. 



X = -CH 2 - CB2 - NH2 ' 2 H C 1  

Figure 4. Mechanism of the Modified Griess Reaction used for the 
Nitroester Indicator. 

The choice of the medium used to support the indicator reagents affects the stability of the 
indicator. When sulfanilic acid solution was placed on common cellulose-basd filter paper, 
after a short time the color of the paper changed to a pale yellow. It is likely that impurities 
in the cellulose reacted with the sulfanilic acid. Three other types of paper supports were tested 
with the modified Griess reagent solution: Whatman no. 40 ashless cellullose-based filter paper, 
Nucleopore prefilter paper (no. 21 1707), and Nucleopore glass fiber filter paper (no. 21 1825). 
After 17 days storage in the dark at room temperature the Whatman ashless filter paper turned 
purple, similar to Llie reaction with nitroester. The Nucleopore prefilter paper changed to a 
light gray, and no change was observed for the glass tiber-based paper. Thus, the Nucleopore 
glass fiber filter paper was used as the indicator support mediurn. 

A protective coat or surface shield also is necesary to protect the reagents from contact with air 
and also from physical damage. several commercial household glues, polyurethane, epoxy, and 
plastic tapes were evaluated. Bel Art tape (described in more detail in the next chapter) was 
found to give the best protection for the nitroestcr indicator strip. 

The stability of the components of the indicator reagent also is important to the lifetime of the 
indicator strip. Of the reagents used, the sulfanilic acid appeared to be the least stable. It was 
observed to decompose with time and change from white to pale yellow in color. The sodium 



salt should be more stable, so a test was made of its suitability to replace the free acid in the 
modified Griess reagent. Using the 2 layer reagent configuration, it did not permit a nitroester- 
specific color change to he produced, and was judged unsuitahle. Apparently, it cannot convert 
nitrite to nitrous acid, which is required for reaction with the sulfonic acid to form the 
diazonium salt. Additional work is needed to identify more stable reagents. 

In early attempts to perfect a test strip, many different means of applying the modified Griess 
reagent and the powdered zinc to the indicator were tested. Experiments were conducted to 
apply a thin, even layer of zinc powder onto paper by spraying an aqueous zinc suspension. 
This approach was not successful. It was found that simply brushing the zinc on using a small 
brush was satisfactory. In one test, a glass fiber filte~ paper was wetted with the modified 
Griess reagent which was then dried by vacuum desiccation. Powdered zinc was then dusted 
on the reverse side of the tilter paper. This test square was brought into contact with a surface 
containing a nitroester. If there was a sufficient quantity of the nitroester to migrate through 
the filter paper, it would readily yield a color change. However, these test squares were very 
sensitive to small amounts of nitroester and developed a significant color change over extended 
periods of time even in the absence of NG. The reagent also is light-sensitive, which adds to 
the blank problem. Test plates were normally wrapped in aluminum foil while waiting for color 
development to protect the reagents from photodegredation. 

Frequently, test materials prepared as described immediately above would develop a slight color 
before applying the powdered zinc. Experiments were then conducted with the dry materials, 
At first, the moditled Griess reagents were blended in a 1/1 mole ratio. Fiberglass filter paper 
was dusted with zinc. A test strip of this zinc-coated filter paper was placed in contact with a 
test square containing NG. A small portion of the dry Griess reagent mix was placed on the 
surface of the test strip and the entire unit then sealed against a glass plate for color tests. T h i s  
is the general preparation method used for the performance tests described below. 

Performance of Nitroester Indicator Strip lk!igns 

The performance of three reagent configurations was tested. A nitroester test was started on 
6-8-92 for the configuration with zinc powder on the hack side of the indicator strip, and the 
modified Griess reagent [N-( 1 -naphthyl)et.hylenediainirie dihydrochloride plus sulfanilic acid] 
on the top side. The reason for placing the zinc powder behind the strip was to prevent the 
dark color of the powder from obscuring the visual detection of the colored dye. In this 
configuration, the nitroesters are reduced to nitrite on the bottom of the strip, and the nitrite 
then diffuses into the Griess reagent on the top of the strip to form the colored diazo dye. The 
configuration of the test plate in Figure 5 is listed in ‘Table 1. 
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Table 1. Relative Positions and Nitroester Concentrations 
of Test Rectangles in Figure 5 ,  

Relative Position and Nitroester Concentration, mg/g 
I I 
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Relative Position for 
Concentration of Nitroester, mg/g 

Reagent Configuration 

0 (Blank) 0 (Blank) 0 (Blank) 
A/B+C A+B/C A+B+C/  

0.6 0.6 0.6 
A/B + C A + B/C A + B + C /  

3 3 3 
A/B + C A+B/C A + B + C /  

13 13 13 
A/B + C A + B/C A+B+C/  - 

The photograph in Figure 5 was taken after 4 d of exposure (6-12-92). This test shows that 
color development was rapid and the color density was proportional to the NG concentration. 
The blanks had only a slight discoloration and were not significant in relation to the other test 
strips. 

The performance of the 3 reagent configurations was demonstrated in a simultaneous test. The 
test plate was similar in makeup to the above. The first configuration had the N-(1- 
naphthy1)ethylenediamine dihydrochloride on the surface of the indicator strip with a mixture 
of the sulfanilic acid and zinc powder on the reverse side. The second configuration had the 
dry modified Griess reagent on the surface of the indicator strip with zinc powder on the 
reverse side. The final configuration had a mixture of the dry modified Griess reagent on top 
of the zinc powder, all on the surface of the indicator strip. Table 2 diagrams the relative 
positions and configurations of the indicator strips on the test plates shown in Figures 6 and 7. 

Table 2. Relative Positions, Reagent Configurations 
and Nitroester Concentrations for Test Plate in Figures 6 and 7. 

A = N-( 1 -naphthyl)ethylenediamine dihydrochloride 

B= Sulfanilic acid 

C =  Powdered zinc 

Photographs of the test plate after 1 d of exposure (Figure 6) showed a marked color change 
for the 13 mg/g nitroester test squares for all 3 reagent configurations. By 16 d of exposure 
(8-20-92, Figure 7) there were significant color changes at all concentrations of nitroester. The 
configuration with all 3 reagents present on the surface of the indicator strip gave the 
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MOISTURE INDICATOR 

Background 

Moisture accumulation in ccc munitions, from exposure to very wet environments or from the 
round actually lying in a pool of water, causes the case wall to soften and weaken, and the 
adhesive joint tensile strength to decrease (4). Visual indicators would allow the identification 
of individual rounds which have accumulated moisture, and which could be removed from 
deployment for drying out. 

As noted in our previous report (5),  the ideal moisture 'indicator strip should meet several 
requirements : 

a. The indicator strip must be designed for placement on the surface of the ccc 
wall and indicate the level of moisture in the casing. It should not interfere 
with the storage, chambering, or firing of the round. 

The color change must be readily visible. 

The chemistry of the indicator must be compatible with the ccc, and not cause 
deterioration of the ccc. It also must not pose a hazard to gun crews. 

The indicator strip should have a long lifetime (decades). 

The indicator strip reaction should be reversible. (If the strip indicates 
high content of moisture the round is transported to a drying area 
where moisture is to be removed. Indicator color should reverse, 
indicating the removal of the moisture.) 

b. 

c. 

d. 

e. 

The target moisture concentration to be detected by indicator strips was estimated from previous 
ccc coupon experiments ( 4 3 .  Uncoated ccc coupons (cut from only the nitrocellulose/wood 
fiber portion of the M829 case wall, and not including the cellulose adapter) equilibrated with 
ambient laboratory air (ca. 45- 65% RH) to a moisture content of 4.4 & 0.51 % (n = 3). When 
exposed to air saturated with water vapor, the moisture content increased to 13.0 & 0.15% (n 
= 3). As shown in Figure 8, this process reached a value close to equilibrium within 7 d of 
exposure. The reason for the drop in moisture at d 11 is not clear. The results for the longer 
exposures suggest a slow climb to a slightly higher degree of hydration by 28 d. This behavior 
suggests that more than one mechanism for hydration or water uptake is present. For example, 
the cellulose sites in the nitrocellulose/cellulose matrix may take up water much more rapidly 
than do the nitrocellulose, which could lead to a rapid initial uptake of moisture, and then a 
slower uptake by the lower affinity nitrocellulose. Significant decreases in case wall indentation 
hardness (10% decrease) and adhesive joint tensile strength (39% decrease) were observed (4) 
in ccc coupons exposed to air at 21°C/97% RH for 29 d. Moisture effects appeared to be 
reversible upon drying, if an elevated temperature were not present during the exposure to 
water vapor. When the coupons were soaked in water, the ccc coupon moisture concentration 
increased to 20.2 f 2.8% (n=3). This hydration required 4 to 8 d to reach an apparent 
equilibrium, as depicted in Figure 9. After 17 d of soaking, case wall indentation hardness 
decreased by 14%, and the adhesive joint tensile strength dropped by 44%. A separate 
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experiment for the infrared spectroscopy test (see later chapter) yielded a 32% moisture content, 
but only one replicate was run. These results suggest that a 20 to 30% moisture content can 
be reached by ccc material, but effects can be observed with moisture Concentrations of 13 %. 
Allowing a conservative factor of 2 or 3 for the indicator strip, target nioisture concentrations 
of ca. 10% appear desirable, Accordingly, the range of moisture concentrations used in the 
indicator strip tests approached 10%. 

Experimental 

Two forms of moisture indicators were developed. One was based upon glass fiber paper 
saturated with cupric chloride (CuCI,), and the other was based upon cupric chloride pellets. 

Impregnated Glass Fiber Indicator 

For the glass fiber based indicator, Nucleopore glass fiber paper with a 7 pm porosity (part 
number 211825) was saturated with cupric chloride by soaking 3.8 cm x 7.6 cm (1.5 in x 3 in) 
strips in concentrated cupric chloride solution (10 g of CuCI2*2H,O per 100 mL of water) and 
drying overnight at 110°C. During the drying step the salt was dehydrated (CuCI,). The dry, 
dehydrated strips were cut into smaller squares or rectangles for testing, and were sealed to the 
test squares with tape to prevent atmospheric moisture from interfering with the response. 

300 to 400 mg of CuCl, were pressed into a thin pellet using a 1.27 cm (0.5 in) pelletizer at 
10,335 kP, (1,500 psi) for 30 sec. The pellets were placed in an oven held at 1 
redrying and storage. They were supported by placing in a cardboard strip with a round hole 
cut to the same diameter as the pellet. 
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General Design of Indicator Strips 

In contrast to tlie nitroester indicator, it was necessary to place a semipermeable barrier between 
the indicator and the test sample to potentiate the indicator response. Accordingly, the test 
sample was covered with plastic tape. To provide a path for the moisture to diffuse to the 
indicator, small holes (ca. 20 per indicator strip) were punched in the tape, using the point of 
a pencil compass. The indicator, consisting of either the impregnated paper or the salt pelkt 
supported in a cardboard square, was then sealed onto the test strip using adhesive tape to 
prevent uptake of atmospheric moisture by the indicator. The structure of the moisture 
indicator strip is diagrammed in Figure 10. 

~m- PERMEABLE COVER w I -rH o I FFUS I ON HOLES 

I 
I 
I 
I I 

I I 
I I 

I ND I CATOR STR I P 

4 
I 

I 
f 

ccc WALL WITH mtsrurw MIGRATION 1 

Fig. 10. Diagram sf icafor Design. (Relative thicknesses 
are nat shown to scale.) 
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Results and Discussion 

Indiator Design 

Indicators are compounds that change color as they become hydrated. The chosen moisture 
indicator compound, due to its marked color change, is cupric chloride. The molecular weight 
of CuCI, is 134, and in the presence of moisture it hydrates to CuC1,*2H2O (molecular weight 
170). This means that 1 g of the dry CuCI, will absorb 0.27 g of water. In the dry form the 
cupric chloride is brown but it turns to a blue-green when hydrated. It is a stable, non- 
corrosive salt which should not damage ccc material. 

These salts are able to draw moisture from a contacted source having a very low concentration 
of moisture. If that moisture is replaced or the source has sufficient moisture to completely 
hydrate the salt the color change will develop in time. Naturally, the color change is slower 
if the moisture content is low or if a large quantity of the cupric chloride is employed. 

During earlier testing of the copper salt, solutions of the salt in water were prepared and test 
strips were made by wetting glass fiber filter papers with the solution and drying these test 
strips in an oven. It was found that strips with very low concentrations of the salt were much 
too sensitive and would change color when contacted with very low concentrations of moisture 
in the test material. Filters with very high concentrations of the salt were less sensitive but also 
became hydrated and changed color, although over a longer time period. We finally began 
pressing pellets of the dry salt. Between three and four hundred milligrams of the salt are 
pressed in a 1.27 cm (0.5 in) pelletizer at 10,335 kP, (ca. 1,500 psi). These pellets, containing 
much more cupric chloride than can he evaporated on a small filter square, required much more 
moisture to effect a color change. We are able to attach these pellets to a surface and make 
simple estimates of the moisture concentration based upon the time required for the color 
change to take place. 

The material used to achieve a seal of the test material is quite important to prevent atmospheric 
moislure from contaminating the indicator and to potentiate the diffusion of moisture froin the 
test rectangle into the indicator. Some plastic tapes, such as 3M Prescription Label Tape were 
too permeable to moisture. An early sample of what appears to be Hell Arts Lab Label Tape 
provided the best protection, and the second best tape was from a recent lot of the Bell Arts Lab 
Label Tape. However, the latter had a slightly different colored tinge on the roll than did the 
former, suggesting a different formulation. Clear Scotch mailing tape and 3M Highland Brand 
371 clear tape also were good. The tape seals well if smoothly applied. It is somewhat difficult 
to make a smooth seal if the test square is very thick. In cases where wrinkles in the tape seal 
might transmit moisture, a cross-seal with the same tape is necessary. 

Performance of The Impregnated Glass Fiber Pmdiator 

The performance of the impregnated glass fiber indicator was tested using cellulose rectangles 
having known moisture contents. To record the color change dependency upon moishlre 
Concentration and time, photographs were taken of the test plates at various intervals. 
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Test rectangles (3.81 crn x 5.08 cni, or 1.5 in x 2 in) were cut from matting board and dried 
in an oven at 100°C. The rectangles with 0% moisture were used as removed from the oven. 
Other rectangles were weighed after removal from the oven, and were exposed to the 
atmosphere to absorb moisture. They were reweighed to determine the moisture gained. Test 
rectangles with moisture concentrations of 3.5%, 5.346, and 9 %  were prepared. The test 
rectangles were sealed in clear plastic tape to prevent further moisture uptake. An indicator 
strip of the cupric chloride impregnated glass fiber was mounted on the surface of each test 
rectangle. To permit moisture from the test square to migrate into the indicator strip, small 
holes were punched through the tape seal. The fine tip of a drafting compass was used to form 
these holes (20 holes per test rectangle). Clear plastic tape was used to seal the indicator strip 
to the test rectangle, thus preventing ambient moisture from reaching the indicator and causing 
a false response. Table 3 shows the relative positions of the test strips and their moisture 
concentrations for the test plates in Figures 11 - 14. 

Table 3. Relative Positions of Test Strips in Figures 11 - 14 and Their 
Moisture Concentrations. 

The test plate photograph taken on 5-1-92 (Figure 11) shows that in only 4 - 5 d the indicators 
mounted on the test rectangles containing 9 %  moisture have already begun to change. The 
difference in intensity of color development between the 4-27 and the 4-28 samples is probably 
due to different masses of cupric chloride impregnated in the indicator strips. The photo of 5-7- 
92 Figure 12) shows that in 10 - 11 d the 5% moisture test squares are starting to change and 
that by 18 - 19 d, on 5-19-92 (Figure 13), all the strips have started color development. By 
84 - 85 D of exposure, on 7-21-92 (Figure 14), all the indicators had completely changed 
indicating complete hydration of the cupric chloride. The response 20 the 0% moisture test 
rectangle suggests that either very small traces of moisture remained in the cellulose matts after 
drying, or, more likely, that the plastic tape outer cover has a very low permeability to moisture 
which permitted atmospheric moisture to diffuse into the strip. 

The response of this design of the impregnated glass fiber indicator strip thus is a temporal 
function, in that the time required for color development indicates the moisture concentration 
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of the test rectangle. Discrimination power appears to be limited to concentrations of moisture 
above ca. 5 to 9 % . 

0 
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Performance of The Pelletized Indicator 

0 

2.8 

6.4 
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As noted above, the sensitivity of the impregnated glass fiber indicator led to the development 
of the pelletized indicator design. The indicator performance test was conducted similarly to 
that for the impregnated glass fiber indicator. Test squares of cellulose matting board were 
prepared by drying at 100°C and allowing moisture to be absorbed in the matting material. The 
mass change in the test square determined the moisture content. The test squares were then 
sealed in the 3M Highland Brand clear mailing tape. Pellets mounted in cardboard squares 
were sealed on the surface of the test squares immediately after holes were pierced in the test 
covering to permit moisture migration from the test square into the pellet. Table 4 shows the 
relative positions and moisture concentrations of the test strips. 

Table 4. Relative Positions and Moisture Concentrations of Test 
Strips in Figures 15 - 17. 

~ 

Relative Position and Moisture Content, % II 

Photos taken of the test plates on 7-21-92, 8-4-92, and 8-20-92 are shown in Figures 15 - 17. 
By 5 d of exposure (Figure 15, 7-21-92), the indicators for the 8 %  and 6% moisture test 
squares have considerably changed, and the 0% and 2.7 % moisture tests showed no change. 
By 19 d of exposure (Figure 16, 8-4-92), the 6 %  and greater moisture tests showed nearly 
complete color change but the 2.6% or less moisture tests showed no change. By 35 d (Figure 
17, 8-20-92) the 2.7% test showed only slight changes around the edges, which may not be 
readily visible in the photo. With longer exposure time, the color would be expected to 
develop. It is important to note that over the test period, the 0% moisture test square did not 
change color. The pelletized indicator thus appears to provide better performance than does the 
impregnated glass fiber indicator. 

By controlling the pellet size carefully and empirically determining a time vs. moisture 
concentration factor this indicator technique could be used to determine the moisture 
concentration of a ccc wall casing. The polyurethane coating of the round would 
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need to be pierced to permit moisture migration into the pellet. This indicator color change 
would not be reversible in this application as it would not be safe to heat the round to 100°C 
as is required to drive off the water of hydration in the hydrated cupric chloride. 

Conclusions and Recommendations 

The pelletized indicator is a better design than is the impregnated glass fiber indicator. Both 
are limited at the present to short-term indication (ca. 1 month) if the moisture content of the 
test material is above ca. 6%. In its present state of development, the indicator also is not 
reversible on a practical basis. Clearly much additional development work would be necessary 
to improve its performance and to demonstrate its performance with actual ccc munitions. 
Some of the factors requiring work include development of a better potentiating barrier between 
the indicator and the ccc to increase the useful lifetime of indication, a more durable and less 
permeable outer covering, development of methodology to apply the indicator to a ccc, and 
calibration of the indicator response to the actual case wall moisture. 
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This chapter describes a preliminary evaluation of  moisture determination in ccc munitions 
materials by measurements of the dielectric properties (capacitance) and conductivity (dissipation 
factor) or associated electrical impedance of the ccc as a function of frequency. The ultimate 
goal of this investigation was: (a) evaluation of commercially available portable instruments for 
non-destructive testing of ccc munitions for moisture accumulation, and (b) recommendation of 
instrument modifications needed for laboratory testing and field verification with munitions. 

There is substantial technology available for moisture detection specifically by dielectric 
measurements. Advances in electronic instrumentation make this technology feasible and 
attractive for the application at hand. There are instruments available in the market which could 
be modified to make moisture detection in ccc munitions simple, easy, rapid, and inexpensive. 

Background and Approach 

Moisture and its effects in the deterioration of the quality of materials and products have been 
extensively investigated. Moisture is classified as hound and free and can be specified by 
energetic, structural, or operational schemes, per Pyper et al. (7,8). Methods for distinguishing 
between bound and free moisture are: (a) dynamic dielectric thermal analysis, (b) microwave 
attenuation analysis, (c) near infrared reflectance analysis, and (d) nuclear magnetic resonance 
spectroscopy (9). The classification of moisture as free or bound i s  not precise. 

Application of an electric tield to a material results in electric charge separation known as 
electric polarization. Polarization is classified as: (a) electronic polarization, canised by the 
displacement of electrons with respect to the nucleus, (b) ionic polarization caused by the 
displacement of negative ions with respect to positive ions, (c) dipolar or orientational 
polarization, which takes place in materials, known as polar, that have permanent dipole 
moments, (d) interface polarization, which takes place in electrically heterogeneous materials 
and is caused by the charging of the interfaces within the material; thus it depends on the 
dielectric properties of the constituent materials, and (e) counterion diffusion polarization, 
caused by ionic diffusion in electrical double layers adjacent to charged surfaces; counterion 
polarization effects are surface phenornena. 

The dielectric permitivity E ,  and conductivity u of a material are macroscopic quantities by 
which the electrical properties of inaterials are specified. These quantities depend on the 
frequency w=2.rrf of the applied tield and are typically presented as 
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~ , - - 8 . 8 5 4 ~ 1 0 ~ ' ~  Flm is the perinitivity of free space, E' represents die dielectric constant of the 
material. and e n  represents the losses of the material. The losses of (rlre material are typically 
expressed in terms of the loss tangent def?nd as 

Water (moisture) is a polar niaterial which can exist in a material in the forms of bound, free, 
or water that bas chemically reacted with the host material to produce a new substance. ?"Re 
detection of moisture in a material, via dielectric measurements, relies upon the difference of 
die dielectric properties of dry and wet material, induced by the presence of highly polarizable 
water molecules. Water detection in a rnaterial dictates that a measziremenmt M can be expressed 
as a sum of 

M,(f), M,(f), aasd M,(Q are the dry material, free water, and hound water contributions, 
respectively; The chemically reacted water is neglected, if present it may change the properties 
of the material. 
Analytical expressions of the dielectric perrnitivities of free and bound water have been 
developed and they are: 

The relative contrihutions of free and bound water to E vary with frequency as follows (7), 

These results are suitable for the evaluation of the dielectric losses (see Equation 8, later). 

The experiineatal investigation in this project consisted of measurements of the variatiom of the 
capacitance and dissipation factor of ccc coupons and simulated rounds as a function of imoisture 
content. 
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Equipment and ~ ~ t e ~ i a ~ §  

The following instruments were used in the measurement of the electrical parameters 
of the cartridge simulators. 

I # l .  

I#2. 

I#3. 

I#4 ~ 

Hewlelt Packard 41924 LF Hmpedance Analyzer. This is a main f i m e  
laboratory itistrument suitable for different types of  electrical ~ e t w o ~ k  parameter 
nieasurernents. This instrument was used to measure capacitances, dissipation 
factors and impedance as a function of frequency of the simulations to 
determine the optimum frequency for moisture detection. 

B + K  Dynascan corp. 83 Automatic Capacitance Meter. This i s  a hand-held 
battery operating instniment suitable for field type measurements. There are 
several low cost (about $100.00) instruments of this type in the market. 

B+K Precision 875A LCR Meter. This i s  a handheld battery operated meter 
suitable for tield measurements. Its cost is $195.00, and measures electrical 
inductance, capacitance, resistance, and dissipation factor. 

TRAMEX Moisture Encounter Model MF-1. This hand-held battery operating 
instrument provides non-destructive and non-invasive moisture detection in high 
electrical resistance materials such as wood, felt-roofjng, plaster and brick. 
Appendix A is the operating manual of the instrument. Its cost is $325.00. 
The instrument dctects moisture via measurement of the impedance of the 
material under test. The frequency o f  operation was measured to be about 12.5 
kHz. TWO Rat rubber electrodes provide electrical connection between the 
instrument and the subject under test. Electrical connection is made by holding 
the instrument so that the rubber electrodes are in firm contact with the subject 
under test. Note that this instrument will provide a reading without physical 
contact because of capacitive coupling. Three different scaf es provide 
quantitative tneasuremmt of moisture content in timber and wood products, felt 
root-ing, and plaster or h ick .  The instruction sheet for this instrument i s  shown 
in the Appendix. 

Materials 

Five ccc coupons (about 9.5 x 2.5 x 0.4 cm) left from the previous hardness and tensile 
strength test study were tirst chosen for moisture detectkm experiments, and instrument 
I#1 was used for tbose moisture content measiirenients. 

Three simulated cartridge cases (inert cases) were provided by the Future ~ ~ m u n ~ ~ i i ~ n  
Rearm System group for moisture detection experiments. The shape and configuration 
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of each case was different. Their material composition was different from real cases in 
that nitrocellulose was not present. The three cases tare identified as C#l, C#2, and 
C#3. Case C#l was devisd as a capacitor by attachirsg heavy aluminum foil plates to 
its external walls, Electrical leads from these plates were provided for measurement 
of capacitance and dissipation hctor or equivalent impedances with instruments Ilfrl, 
182, or I#3. Cases Ckr2 and @#3 were used without modification for measurement of 
moisture with instrument 1#4. 

Measurements were conducted on both coupons and simulated cartridge cases (inert 
cartridge cases). 

a, Coupon measurements. Coupons were sandwiched between copper plates to 
simulate paralle! plate capacitors. 'I'hc assemblies or devices were held together 
by insulated metallic binding clips. The objective of the procedure was to provide 
non-destrixtive and non-invasive tests. A total of five devices ("devices #I - 
were constructed and measured using the Mewlett Packard 41928 1°F Impedance 
Analyzer ( M I ) .  The frequency range of measurement was lKHz-to-13MHz. The 
capacitance C and dissipation factor I)=wGR ==oE,E'/o were measured as a function 
of frequency. 

b. Soft Wood Measurements. A cmde capacitor siinulation of the cartridge was 
devised as follows. Soft wood was used as the core material, a 208%) mm Pyrex 
beaker was used as a shell, and heavy aluminum foil was attached on the external 
walls of the beaker to sirnulate the metal plates of the capacitor. The premise was 
that the soft wood will absorb and desorb moisture in a manner similar to the real 
cartridge. Capacitance measurements were made on the Hewlett Packard 4192A 
LF Impedance Analyzer. The wooden cylinders, 124 rnm diameter x 180 rnm 
high, were fabricated from kiln-dried yellow pine, and were designed so they could 
be easily inserted and removed from the beaker. This wood has a typical specific 
gravity of 0.53 and a moisture content of 13.8% (10). 'I'be moisture content of 
wood changes with atmc~sphtlric conditions. FOP this experiment, the wooden 
cylinders were suhsequently exposed to dry air and then room air (RH = 50%). 
The objective was to demonstrate the feasibility of detection of the change of the 
moisture content of wood via measurements of the change of the capacitance of the 
configuration. 

c. Simulated Cartridge Case Mcasurennents. Several experiments were made on the 
three siinulated cartridge cases CW1, C#2, and C#3. For greater ease in 
explanation, the experimental parts of these cartridgc measurements are included 
in the results and discussion section. 
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Dry Measurements 

The capacitance of all devices monotonically decreased with frequency. The dissipation 
factor measurements exhibited nonuniform variations, including the ph~nomenon of 
hysteresis with frequency. Because of time limitations and the crudeness of the 
experiment, no attempt was made at this stage to explain these variations on a physical 
basis. 

Wet Measurements 

The variations of the capacitance (C) and dissipation factor (13) with moisture are 
demonstrated with results from device #5. C and I) were measured with the device 
dry, and the results are shown in Figures 18 and 19. Then the device was immersed 
in water for about 20 h. Starting an h after reinoval from the water, measurements of 
C and D were made every h for 8 h at the frequency f = 1 MHz, with results shown 
in Figure 20. Seven hours after removal from the water, measurement of C and D 
were made as function of frequency, and the results are shown 'm Figures 18 and 19, 
along with the dry measurements. Pecuiiarities were noticed in the frequency range 
between 1 kHz and 10 kHz; these results are shown in an expanded scale in Figure 21. 

It is seen that both C and D increase with moisture, and that the changes are largest at 
low frequencies. The maximum change in C was 775% at f = 1 kHz, and the 
minimum was 9*3% at f = 13 Mlt-lz. The changes in D were much larger: a maximum 
of 3250% at f = 5 kMz, and a minimum of 95% at f = 13 MHz. In  addition, there 
i s  a "peak" in the graph of D, Figure 21. Such "peaks" are attributed to \.he presence 
of bound moisture in the material (1 1). More measurements of  C and D were taken 
later, which demonstrated that the device recovered to its dry state (see Figure 20). 

No attempt was made at this time to provide any physical explanation of these results. 
However, the results appear to have similar variations with frequency with those 
reported for moisture in triarninotrinitrobenzene (TATB) (7), Figure 22, obtained from 
measurements of the dielectric constant as a hnction of frequency. 
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Soft Wood Study 

The weight of the cylinder at room air was 1149 g, and thc water content (13.8%) was 158.56 
g. After several days In dry air the weight of the cylinder was 1128 g, and the water content 
was about 137.6 gm, a reduction of about 13%. The capacitance measurenients were made at 
the frequency f = 4 MHz. ' h e  capacitancc of the empty beaker was 15 pF (picofarads). The 
capacitance with the dry cylinder inserted was 20.45 pF. After the cylinder was exposed to 
room air for about 24 R, the capacitance was 29.6 pF. Thus, the capacitance change o f  the 
whole configwation due to room air moisture was 1.15 pF or 5.6%. This is smaller than the 
13 % change in moisture obtained from weight measurements. 'l'his difference can be explained. 
as follows. The total. capacitance C of the simulator consists of the series coainection of the 
capacitance of the glass walls Cg, the capacitance of the air layer between the glass and the 
wood C,, and die capacitance of the wood C,. Thus, the capacitance of the simulator C i s  

Taking the differential of this equation, the expression of the relative change of C,, in terms 
of the relative change of the measured capacitance C, is 

(79 

It is seen hfat the relative change of C, is larger than the relative change of the measured 
capacitance C, and depends on the values of the capacitances of the simulator. 'I'he dissipation 
factor of ihe simulator was not measured in this experiment. 
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Figure 22. Dielectric constant vs frequency. Source: Pyper (7). 
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Simulated Cartridge Study 

A. C#2 Measurements 

Case C#2 data: height 48.5 cm, diameter 15 cm, mass (dry) 679.5 g. Moisture content 
(dry) reading = 10% (bottom of scale). '411 moisture rrieasuremeats on C#2 were made 
using the Trarnex moisture encounter o#d> on Scalc #I .  Visual inspection revealed that 
Cb2 i s  made up of two visually different sections glued together. No information is 
available at this time on the material composition of Ck"2, but we believe that they are 
wood fiber analogs of the wood fiberhitcocellulose used in actual ccc munitions. 

C#2 was filled with water for about 24 h. Then the water was r e a o v d  and the 
moisture content was evaluated by weight measurements. The rimaximurn amount of 
water absorbed was 95.3 g. or = 11.1% of the mass of C#2, Subsequently, C#2 was 
exposed to the ambient room eiivironment to dry for several days. During this time the 
moisture content of C#2 wx recorded from measurements by weight and by 1#4. The 
results are depicted in Figure 23. The plot indicates that the moisture content of the 
two section of C#2, as recorded by I#4, are not the same. In addition, readings of I#4 
varied along the height and the periphery of both sections. The latter indicates that 
water is not uniformly absorbed in the walls of @#2, thcrefore, the composition of C#2 
probably is not uniform. This could be Que to an uneven distribution of additive in the 
case wall. 

Because the rubber electrodes of I#4 are configiired in a flat plane and the surface of 
C#2 is cylindrical, complete contact of the electrodes with the saarface of @#2 during 
die measurements was impossible. 111 fact, even partial contact was possihle oidy with 
I#4 oriented along the height of CH%. Thus, no quantitative absolute meaning can he 
attached to the moisture readings on the scale of the I#4. 

Four sets of experiments were conducted using C#l . 

1. C#l 'Tests of Different Meters. Cdil data: height 46.5 cm, diameter 15 cm, mass 
(dry, including the attached e!ectrodzs) 599.6 g. The C#l configuration was 
assembled for measurements with instruments I # l ,  I#?,, and I#3. All these 
instrumcnts are designed to measure the capacitance of electronic components, 
which are typically low loss and reasonably linear, and frequency independent 
devices. The capacitance of the configurations of C#B described below varied with 
frequzncy and, thus, was not linear It was noticd thar ;he capacitance readings 
of the three insti uineaits wcr,: substantially different. Eventually, instrimerats 1#2 
and I#3 stopped functioning all together. It was concluded, therefore, that 
instruments I#2 and I#3 are not suitable for ineasiarement o f  capacitance, as a 
means of moisture detection, without major modifications. 
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2. C#l and Sort Wood. The variations of the capacitance C and dissipation factor D 
with frequency of C#9 empty, were measured using 1#1. 'l'hc resinlts are plotted in 
Figure 24. Then the soft wood (dry) cylinder was inserted in the center of C#l, 
and the C and D of this assembly wa6 irieasured. The rcsrrlts are plotted in Figure 
25. As seen from Figures 24 and 25, there are only slight changes in C and D due 
to the insertion of the wooden cylinder. Subsequently, the wooden cylinder was 
immersed in water for several days. The weight of tkke wooden cylinder v a s  1392 
g dry , and 1751 g wet, thus, the water absorbed was 359 g. The wet cylinder was 
reiinsertefs in C#I and allowed to dry in the room environment for several d. 
During this time C and D of the assembly were measured with P#l at the 
frequencies of 1 kHz, 10 kMz, 100 kMz, 1 MHz, and 10 MHz; the results for f = 
1 kWz, 10 kMz, and 100 kI3z are depicted in Figures 26 and 27. The relative 
changes of C and I3 at f = B MMz and f = 10 MHz were too small to be 
significant 

It is seen from Figures 26 and 27 that the changes in C and D were larger at lower 
frequencies relative to the charges at highei frequencies. 'The initial values of C 
and I1 were small then increased with lime to peak values at 5 d and eventually 
decayed to the dry condition values, The moisture was initially concentrated in the 
wooden cylinder. As the cylinder dricd the moisture migrated to the walls of C#l 
where it was absorbed. Thus, during the early days ofthe experiment the moisture 
concentration in the cylindcr was decreasing , while the moisture concentration in 
the case wall of C#l was increasing. Eventually the moisture concentration of the 
whole assembly decreased to the dry levels. It appears therefore that the variations 
of C and I) follow the moisture concentration in the walls of C#l rather than the 
moisture levels in the cylinder. This is in agizeinent with the results of Figures 24 
and 25, which indicate that the most significant contribution to C and I1 comes 
from C#l itself and not the material it contains. The mcasurements thus appear 
specific to the case wall. 

3. C#l Filled with Sawdust. C#l was filled with sawdust and the weight changed 
from 599.6 g to 1897 g.  The moisture content of the sawdust was measured with 
I#4 (Scale#l) to he about 10%. C and D of the configuration was measurd with 
1#1 in the frequency range of 1 kHz to 10 MHz. The results for the capacitance 
change are shown in Figurz 28. Similar relative changes were found for the 
dissipation factor D. Comparison of the C and D values with the corresponding 
C and I )  values of thc: eriipty C#l  revealed that the changes were small. 'I'he latter 
supports the previous observations that the most significant contributions of C and 
D come from CX1 itself. Suhvxpently the conl'rguration was enclosed in a high 
moisture environment for several days in order to absorb moisture. The mass 
increased from 1897 g to 1912 '3 g for a change dW = 24.3 g. Measurements of 
C, D, and dW were mdde for several days at the fteqiiencies of 1 kHn, 10 kHz, 
100 kIL, 1 MHz, and 10 M I L .  'The changes were small. For example, at f = 
1 kH7, C changed fronn 59.6 pF dry (dW = 0) to 73.4 pP: for dW = 24.3 g, to 
67 pl: for dW = 84 g The drying process was very slow and the expeniment was 
tei ininatad at this point. 
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4. Cdl Fillcd with Wet Sawdust. Subsequently, C#8 filled with sawdust was flooded 
with water and was allowed to dry. During the drying period the capacitance and 
impedance of the configuration along with the water content was measured. At the 
start of the measurements the IIIW of the configuration was 4807 g. Thus, the 
excess water from the flooding was dW = 2.91 kg. The results of these 
measurements for the duration of about five weeks are shown in Figures 29 and 
30. 

Figure 29 depicts the change of capacitance as a function of excess water conteaat at the 
frequencies of 1 kHz, 10 kHz, 100 kHz, and 1 MHz. These results show that the 
capacitance increases as the water content increases, The relative changes of the 
capacitance are larger at lower frequencies. For example, at dW = 2.9 I kg, the ratios 
of the wet to dry capacitanccs (CsTt / CdV) were: 70080 at 1 kHz, 7900 at 10 kHz, 810 
at 100 kHz,and 73 at 1 MHz. Similar measurements were made of ehe dissipation 
factor D. lTie D measurements showed S Q ~ C  erratic variations with water content. 

Figure 30 shows the variation of the magnitude of thc impedance of the configuration 
as a function of frequency, with watcr content as a parameter. These measurements 
iridicate that the impedance variations with water content are more uniform with 
frequency than the capacitance variations (Figure 29) The latter results suggest that 
tlne frequency of operation of a moisture instrument based upon impedance may not be 
as restricted for capacitance measurements. 
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Two experiments were conducted with C83.  

1. c#3. C#3 data: height 51 em, diameter 15 em, mass (dry) 743 g. C#3 was 
indented to be used for moisture ~ e a s ~ r e I ~ e ~ ~ t s  with instrument I#4, Scale #I.  The 
moisture content of C#3 dry was = 1 %. C#3 was fill sawdust and the 
mass of the configuration increased to 2268 g . ,  and the moisture content was = 
10.2%. Subsequently, the c o n l ~ ~ ~ r a ~ ~ ~ ~  was placed in a moist enviroament along 
with C#l (see above) for several days and its mass was changed to 2346.6 g and 
the I#4 reading increased to = 13%. In subsequent measurements the excess 
moisture was gradually reduced with time, but the I#4 reading rcturnd shortly to 
= 10.2% (dry state). The experiment was abandoned at this stage. 

2. C#3 Filled with Wet Sawdust. Subsequently, e c o ~ ~ ~ ~ ~ r a t i o n  of CA'3 filled with 
sawdust was flooded with water and was allowed to dry. During drying, the water 
content was recorded from mass measurements and tnoisture ineasurenients with 
instrument I#4. At the start of the measurements the excess water content due to 
flooding was dW = 3.4 kg, and the 1#3, Scale #I indication was about 19.5%, 
These measurements were continued for about 5 weeks. During this time the 
excess water content fell to dW = 1.82 kg, while the W4, Scale 81 indication 
remained nearly unchanged from the initial reading. These results suggest that the 
reading of iI#4 depends mainly o the moisture content of the case (surfax of the 
configuration) which apparently 

The results of this study indicate that it is feasible to measure moisture in ccc munitions via 
measurements of their dielectric properties. 'There i s  substantial technology available for such 
measurements in the frequency range from 50 14z to 1300 MHz. The results show that 
measurement of capacitance and dissipation factor at frequencies around 1 kHz to 10 kHz 
should be most suitable. However, if the problem is caused by moisture which has chemically 
reacted to change the dielectric properties of the materials, the above results may be of no 
value. Much more information is needed to arrive at specific recommendations. 

What is envisioned is a hand-held battery-operated device which could be quickly held to the 
surface of the cartridge case and provide a reading of  the moisture content. Small inexpensive 
capacitor meters of the type 1#2 and I#3 are commercially available and could probably be 
modified and adapted for this service. If  a custom designed capacitance metcr i s  needed, no 
extensive development is anticipated. This procedure has been apparently incorporated in the 
TRAMEX Moisture Encounter, 1#4. The I#4 appears to be the most suitable instrwmx-it for 
moisture detection in ccc rnunitioris because it is designed as a moisture detection instrument. 
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- 1 he mmi obvioiis modification of I#4 for use wibl ccc rnernitinzi is the change of the geometry 
of its electrodes, froiii plant: to cylindrical, to tjt firmly the surface of the cartridge cae ,  
Changhg the frequelmcy of operation from 1 2 5  k i k  to lower values may enhance the sensitivity 
of tkke insituinent. An appro9r;rte scale suitable for ccc must be develop&. 711e size and shape 
of ihe electrodes should be re-evaluated to rnatch the new apglicailsn. In addition, 
modifications sucir as addition of condudrig bands (strips) in the cariridge case ltse!f may be 
c o i i . s i d c ~ ~  for easier access 

It is ernphasi& t h t  the reading of the instrument I#4 dcpcnds strongly on ' te  moisture content 
of the case w l l  (near the surface cf n i ~ ~ i t i o n s ) .  'Thus, the TW4 is not suitable bi measiarement 
of the moisture of the hulk contents of the munitions. 

It is feasible that similar electrical measurenicnts could be used to detect the dishonding of skive 
joifii? in munitions. If this is successhluI: the detection of disbonding could bc done by the 
addition of CoIlductivc rings (electrodes) on each side of the skive joint. Consideration of this 
investigation also is recommended. 

A continued investigation is recomn~ended, in which the TRAMEX Moisture Encounter is 
n i d i f i d  aiid optimized far the rapid determiriation of moisture in the case wall of ccc 
im.lrritions. This effort would r eq~ i re  both laboratory work at Oak Ridge and interaction with 
Picatimy Arseinal to test the device on actual murrhions. The product of this work would be 
a pifitotype device with the modif?eations and a draft operating protocol. 

It is also possible that such measurements could he built into automatic rcarrn systems to 
evaluate rounds (and trigger ihei: rejection, if necessary) before they are loaded. That would 
require the devzlopment of a difkient  device from the hand-held meter considered above, and 
a separate effort 
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Infrared spectroscopy is a powerful nondestructive mal ytical tool wbi& can discern the 
chemical bonds in a material from its absorption of infrared radiation. To determine whether 
diffuse-reflectance Fourier transform infrared spectroscopy (DRIFT) measurements could be 
useful for determination of the moisture content in ccc material, ccc coupon saniples were first 
dried, and then exposed to high humidity for varying periods of time, A series of DRIFT 
spectra were acquired as a function of exposure time to moisture. 

A 1" x 4" sample of ccc coupcan was dried by storing in a desiccator with Drierite at room 
temperature for approximate'ly 120 h. Four smaller samples were then cut from this sample and 
weighed. One of these smaller samples (Sample 1) was placed back in the desiccator, while the 
other three (Samples 2-4) were placed in a closed chamber containing an open 40 rnL vial of 
distilled, deionized water. After 24 additional h ,  the samples were weighed again. Sample 1 
and Sample 2 were then cut apart to expose the cellulose nitrate interior, and DRIFT spectra 
were obtained of the cellulose nitrate faces of each these samples. The samples were returned 
to the desiccator (Samples I and l a ,  resulting from cutting Sample 1 apart) or to the ~ ~ ~ ~ ~ i ~ y  
chamber (Samples 2 and 2a), and were reweighed at intervals over a period of 21 d. Figure 
31 summarizes the weight changes due to moisture uptake by the samples. D IFT spectra were 
obtained also over this time period. 

DRIFT spectra were obtained using a Nicolet 20SXC Fourier transform infrar 
spectrometer equipped with a Spectra-Tech 0830-805 "DRIFTS" cell and mercury cadmium 
telluride (MCT) detector. The sample chamber of the FTIR s ~ ~ c t r [ ~ ~ ~ ~ t e ~  is purged with dry 
nitrogen boiloff from a liquid nitrogen Dewar. Fifty scans were averaged for each spectrum 
acquired. The resolution of the instrument was 2 cm-' (16 K data points). 

Results and Discussion 

DRIFT spectra of the "dry" and "wet" samples showed some differences, but these were fairly 
small and not very reproducible. A background subtraction procedure was used to accentuate 
the differences in spectra sf wet and dry samples. I n  th is  procedure9 the DRIF'$ spectrum of 
a dry sample was subtracted either from ahat of a wet sample (top trace in Figure E>, or from 
another dry sample (bottom trace in Figure 32). As Figure 32 shows, &ere i s  a fairly noisy 
peak near 3630 cm-' in die differential spectrum of the "svet" sample (9% water content by 
weight) that does not appear in the spectrum for the dry sanmple. The location of this peak in 
the spectrum agrees reasonably well with transmission HW measurements of moisture in cellulose 
nitrate (12). This peak was not seen in similar spectra obtained for the same samples two days 
later, however. 
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F i g .  31. Mass Changes in CCC Coupons. 

At this point, Sample 2 in the humidity chamber was immersed in water for 24 h,  and then 
removed from the water and allowed to equilibrate in the humidity channber for 24 h.  Sample 
2 then had a moisture content of 32%. DRlFT spectra of Sample 2 and Sample 1 (the “dry“ 
sample) were obtained and compared. A large noise content in the DRIFT spectrum of Sample 
2 prevented any observation of a contribution from the moisture. 
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Possible reasons for the lack of reproducibility observed in DRIFT spectra are (a) changes over 
time in the level of atmospheric moisture in the sample chamber of the spectrometer, and (b) 
the strong dependence of URIFT spectra on the light-reflecting properties ofthe sample surface. 
Moisture in the sample chamber can be partially compensated for by ensuring equal chamber 
purge times for wet and dry samples. Problems with sample surface inhomogeneities that 
adversely affect DRIFT spectra may be eliniinated by using other techniques for obtaining 
infrared spectra. Oiie promising alternative is attenuated total. reflectance (ATR), which 
involves application of modest pressure to bring the sample in contact with a long, thin prism 
through which the infrared light is passed. Because the sample and prism are pressed together, 
small irregularities in the samplc surface may he smoothed out. 14dditionally, more of the 
sample surfacc will be illuminated by the infrared light in the ATR cell than in the DRIFT cell, 
yielding a measurement that i s  averaged over a larger area. 

This preliminary test of one infrared spectroscopy technique for analyzing solid samples was 
not encouraging in its ability to detect moisture in ccc material. Other infrared surface 
techniques, such as attenuated total reflectance, should be tested before a final decision is made 
on the method. 
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CONCLUSIONS AND KECOM 

The performance tests using cellulose test squares spiked with NG suggest LIat nitsoester 
detection in ccc munitions i s  possible using indicator strips based upon ffie modified Griess 
reagent, and that quantitative information can be derived frvm the color intensity or optical 
density. Similarly, the pelletized cupric chloride indicator tests suggest that a ccc moisture 
indicator is possible, although at this stage, the time to color change appears to be the indicator 
of moisture concentration. At their present stages of development, the p e ~ ~ o r ~ ~ a ~ c ~ s  suggest 
that the indicators would be most suitable be for temporary, one-time tests of munitions rather 
than for a permanent installation on the rounds and continuous indication. 

It is recommended that development of the nitroester indicator he continued. Further work on 
the nitroester indicator must address questions of indicator reagent stability and lifetime, means 
of potentiating the sensitivity over long periods of time, potential sources of interferences from 
propellant arid case wall degradation, adaptation to munitions walls and current manufacturing 
techniques, and calibration of response with actual munitions. Similar questions also arise in 
the further development of indicators for moisture. 

The commercial meter for moisture determination in building materials by electrical capacitance 
measurements is very promising in its potential for an inexpensive, rapid, nondestructive, and 
portable means of measuring moisture in ccc wall. The main work required i s  to optimize the 
electrode design(s) for the shapes of munitions, optimization of the measurement frequency, and 
calibration with munitions. It i s  strongly recommended that this work be continued, and it 
appears possible that this device could be brought into use sooner than the. indicator strips. 
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The Molsture Encounter can be used to 
ccnfirm a new rod h a  been rnsBlled dry 
and lo race leaks in an old r m f  

As there are many aRferent !ypd of 
membrane ano insulahons R is no! possfbltt 
to cahbram to give a percentage mosture 
measuremen* The Relabw Scae is used 
ior checking the difference Demon wet and 
dw 

A leak in a built-up root may enter me 
bui!ding a long distance from where me 
mosture entm the roof Taka the Moisture 
Encounter to the area atme me wak. Place 
It on me roof 50 t M t  me signa!§ ~eneUaIci 
the lelt and indicate 11 moLsture I present 
By checking across the rmf. the oudlne of 
me 'Moisfure Proiile" can im marhed with 
spray oent or chaIk ay m s  memod *e 
ennre wet area can be oudined therew 
leaoing to me deiect which  lows w m  
enay 

If gravel surfacing is present rt needr; IO be 
removed by scratching wlm a claw hamrner 
M similar to ensure clcse cQmct wth the 
surface 

No cumny of the rnemorane is necessary in 
order IO dele3 moisture Hdwew it IS 
ahvays recommended that a core be cut to 
determine me depm and density of water 
before clecicrng 10 cany OUK repairs 

Sceje 3. ~ las re r~  Bnckmrk 
When tesang PiaSW, the readings are taken 
on the reiabm %ai4 When the reading is in 
the green area the Waef IS comrdered safe 
tor the qiplicahon of p i n t  Wen in me red 
t I constdored Wen PIeasa nota  The 
presence of sahs on tha surfaca could g1ue 
a. high reading. 

Masonry waUs 'Nhfch have been piased on 
mil which becam wel or .%&rated ar 
Ehdse mat have delecbve or nan-exrstanl 
moLsture b m r .  oftan have, morsture 
migratmn into them. Because of the high 
a t  of remedKll wrk It is fswmal that he 
extent of the dampness be tddenmml. 
Slrding the Moisture Encounter mrm Me 
wall surfaa?. Wmr the eb30nfc pads In 
contact wll show me dllferance bacween 
wl and dry even i f  R I nol visible 

fire dmIagf Quite OM a lot d wepw 
damage is caused dunng the flghtlnq of a 
hre The Moisture Encounter pan DB used 
'9 cfieck wcllls. lumrhrre. carpets. d r a m  erc 
and IS exuemefy useful in a e  mslntenance 
and renovauon of &I types of burldings. 

Urn~bons  
Qn dense concrete mld xa!+ readings may 
be Obtalmrd even r f  the rrkitena I dry. 
When molSture ts presenl a hwer reading 
w~ll be cWned so a coinpanson can be 
made If a mor% acc.ura*r reeding is 
required c c n w  Tramex for aerstls of me 
Trmex Comrete Scanner 

The Molsture Encounter will not detm 
moisture &rough certatn rubber root 
membranes due to me presence of carbon 
Slack Idler. These lnciude EPDM's and 
Butyl's. I f  Mts is the cae. cmfact Trmex 
'w dewis of m Tramex C R Scanner 
wtwh has been spwif4ca!Iy developed for 
these marenal6 

GurPrarPttte 
Limlted guarantee covers repair required 
Wuiting tram delecs in matenas or 
workmanship lor a peMd of one year from 
dale Of QUrChase Proof of purchaw is 
m=w 
Tramex Limited accept no responsrbiitty for 
ccsts incurred due to inforrnabon given by 
his ~nsmrnent 

i%StI#?Q 
All Tramex insfrumem are rigwmusly tested 
Lo ensure long life under rough condibons 
New batteries will need Io be occasionally 
nsta~led and replacmeoa should be kept 
in re5tm-e end installed orwe barmy cneck 
qht (LED) 8s not canstandy lit 

Moisture Encounter Patent Pending 
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