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1. SCOPE

a. This TOP establishes chemical analysis test procedures for eval-
uation of missile system material properties. The procecdures provided
are applicable to missile propellants, gases, and metals. Material
properties are determined to insure conformance with project require-
ments. The tests used to measure these properties are derived from
military specifications or conventional methods, or are develcped
specifically to meet 2 new requirement. '

b. The fcllowing test procedures have been omitted from this TOP,
since they are available in the military specifications listed below and
would only serve as cduplications here:

(1) Analysis of aniline using perchloric acid titration — MIL-A-10<30C
(2) Analysis of UDMH by gas liquid chromatography — MIL-P-25604D
(3) Determination of NO32 in IRFNA — MIL-P-7254LF

{(4) Determination of total acidity in IRFNA — MIL-P-7254E (not
conducted under MIL-P-7254F)
(3) Determination of HF in IRFNA — MIL-P-72547F

(6) Determination of HNO3 in IRFNA — MIL-P-725<F

(7) Determination of water in IRFNA — MIL-P-7254F

2. FACILITIZES AND INSTRUMEINTATION. The equipment reguired
for a specific test is listed in the procecdure for that test

2.1 Facilities — A laboratory with the following equipment:

e

a. Laboratory glassware

b. Laboratory balances, 0-2000 gm = 0.1 gm
c. Analytical balances, 0-200 gm = 0.1 gm ’

d. Microanalytical balance, 0-20 gm = 0.0001 mg

e, Heating mantles

W
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(91}

f{. Hotplates

g. Drying oven

h. Vacuum oven

i. Electric oven, 1500°C

j« Refrigerator

k. Speciiic ion electrodes

I. pH meters

m. Potentiormetric recorders
l ' n. Darkroom facilities

2.2 Insirumentation

a. Gas chromatographs

b. Ultraviolet spectrophotometer

¢. Inirared spectrophotometer

d. Atomic absorption spectrophotometer

e. Emission spectrograph

f. Neutron activaticn analysis system

: g. X-ray difiraction diffractometer unit

h. X-ray vacuum spectrograph

v

i. Recording polarograph

3. PREPARATION FOR TEST. Operators will take the fcllowing action
rior to conduct of a test:
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c. Inspect area for safety hazards

d. Insure that safety devices/equipment are in satisfactory condi-
tion and immediately available

e. Take from storage only those reagents and equipment needed
for conduct of test

f. Have test procedure available

Have equipment operations manual aveilable

[F1¢]

H
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+

h. Insure that equipment indications are normal prio
i, Correct safety hazards

j» Insure that instruments to be used have been czlibrated as
required

3.1 Safetv Doctrine

3.1.1 Operating Practices: Safety practices will be followed as pre-
scribed by applicable regulation. In addition, special emphasis is

placed on the following points:

a, The individual operator is directly responsible for conducting
each task in 2 safe and efficient manner. '

b. The task leader is responsible for the coordination of concur-
rent tasks so that interfering activities do not occur.

c. The supervisor is responsible for the state of training, elimi-
nation of hazards, housekeeping, and the eniorcement of safe practices
and compliance with regulations.

3.1.2 Prevention of Hazards: Personnel will exercise due care and
common sense in the performance of their duties. Prevention is the
preferred means of dealing with hazardous conditions. Prevention of
hazards will be accomplished by:

a, Prior planning and organization

b, Ewvaluating each task for the haczards involved

.

Correcting hazards before proceeding

e}

ul
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d. Maintaining an alert and vigilant atfituce at 2ll times.

e. Proper z2nd continuous housekeeping. Storage areas will be
kept free of clutter and excess supplies.

f. Storing and handling reagents and test samples with

for their dangerous properties and compatibility limitations
which are respiratory hazards will be handled inside the fume i

g. Maintaining equipment in a safe working condition. T!

unsafe equipment is prohibited.

3.1.3 Correction of Hazardous Conditions:
personnel will take the following steps to cor

)
Y

o~ . . -
Chemistrv laboratory
o

T

ect hazardous conditions:

. a, Stop operations in any area in which hazardeous conditions exist

b. Immediately bring defici

iency to the attention of the operator
responsible

c. Take necessary corrective action

d. Notify supervisor of incident and action taken

3.1.4 Safetv Consciousness: Personnel will be completely familiar
with applicable proce

edures before undertaking an unfamiliar task.
Routine operations will be performed in an alert manner.

sciousness will be stressed at all times in all operadons,

Safety con-

3.1.5 Improved Overations: Perscnnel will maintain high safety
standards and will strive to incorporate new procedures to make
orerations safer.

FRTTRE ALY

A

3.1.%6 Safetv Training and Related Requirements: T
will include the following considerations:

raining of personnel

e T

a. Each person werking with toxic, ilammable, or explesive

i
chemicals will be instructed in the hazards re lat' ng to the handling
of these chemicals,

SR AR LR A AL AR

D. Supervisory perso:mel will assure that no per
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c. Supervisory personnel will provide each person working with
hazardous chemicals with necessary protsctive equipment; e. g., fume
hoods, glove boxes, gloves, aprons. [ire extinguishers, emergencry
eye wash and shower facilities, etc.

d. A standing operating procedure (SOP) will be written {or each
hazardous cperation or each group of hazardous operations beiore such
operations commence. "

3.2 Administrative Data - The following data should be recordec for
each sample received :' r analysis:

a. Type of sample

D. Source

c. Project/project representative
d. Analytical support provided

e, Test results

f. Date received/date completed

4, TZST CONTRQOLS

4.1 Ceneral Procedure

2. Insure that safety devices and equipment are available and

s

in use.
b. Keep aisles and passageways clear.
c. Insure that applicable procedure is being followed,
c¢. Insure that appropriate test equipment manual is being followed.

&

e. Monitor equipment for normal overations during test conduct.

i. Xeep work area uncluttered.
g. Check test results for validity before reporting them. Aflter
test is conducted, periorm the following acticns:
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(2) Clean glassware and place it in storage,

~ o

(3) Dispose of tcxic wastes in accordance with pertinent directives.

PRy
(2) De-energize equipment znd inspect for normal indications,
(5) Correct safety hazards,

4,2 Ewvaluation of Test Results

a, Examire test results for accuracy before reporting them. In
all cases, but particularly when test results fall outside the range
rormally encountered, review test steps to insure that test data is valid
and not affected by procedural errors. When necessary, correct defi-
ciencies and repeat tests., If discrepancies cannot be determined,

conduct the test on a knewn sample.

b. Replicate results should fall within the limits given in the

specific procedure.

c. Where limits are not given, the following values apply for

routine procecures using normal care:
(1) Volumetric analysis: 2 parts per 1000

(2) Instrumentation analysis: 1%

(3) Emission spectroscopy: 10%
d. When desired precisicn is not attained, examine and co
e

as necessary, ogverator technique and condition cof equipment d
repeating analysis {or record.
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5. TEST PERFORMANCE

5.1 Analysis of Hydrogen Peroxide
by the Ceric Sulfate Method

5.11 Objective: Determine the strength of hydrogen peroxide
solutions used as monopropellant pressurization agents in rocket
systems
5.1.2 Standards: H;O; in monopropellant pressurizing agents
90% + 1% - 0.5%, 70% + 1% - 0.5%; HpO2 in laboratory oxidizing
agents 30% + 2% - 1%
5.1.3 Method

a. Scope. This method is primarily intended for highly con-
centrated (70 to 90 percent) solutions of hydrogen peroxide. Hydrogen
peroxide solutions are extremely susceptible to decomposition through
contamination; therefore, the use of specially passivated glassware is
imperative. The analysis should be counducted promptly to minimize
sample decomposition.

b. Equipment Required.

(1) Automatic zero burette, 50 ml

(2} Erlenmeyer flasks, 250, 500 ml

(3) Pipets, 1, 2, 5, 25 ml

(4) Bottle with eyedropper, 30 ml

(5) Volumetric flask, 1000 ml

(6) Weighing boat

(7) Single-pan analytical balance, 0-200 gm % 0.1 mg

(8) Glass bottles, 9-liter

(9) Double-pan laboratory balance, 0-2000 gm + 0.1 gm

{10) Brass weight set, 100 gm to 2000 gm




TOP 5-2-585 11 December 19753

c. Preparation of Glassware. Wash glassware intended to holc
H,O, solution in a solution of synthetic detergent. Immerse the
glassware in 10 percent NaOH solution for one hour, then rinse with
tap water. Immerse the glassware in sulfuric acid solution, 35 per-
cent by volume, for one hour at room temperature. Rinse the
glassware in distilled water and dry in an oven at 105°C.

d. Preparation of Ceric Acid Sulfate Solution (0. 1N). Weigh
300 gm of ceric sulfate (Ce(SO4)2) Transfer the ceric sulfate to a
9-liter pottle. Add distilled water until the bottle is half full.
Slowly add 300 ml oi sulfuric acid while continuously agitatin. the
bottle. Fill the bottle to the 9-liter mark with distilled water. Stir
thoroughly. Allow solution to settle. Filter solution before use.

e. Preparation of Ferrous Sulfate Soluticn (0. 1IN). Weigh
250 gm of ferrous sulfate heptahydrate (FeSOy - TH,O). Transfer
the ferrous sulfate to a 9-liter bottle. Add distilled water until the
bottle is half full. Slowly add 100 ml of sulfuric acid while continually
agitating the bottle. Fill the bottle to the 9-liter mark with distilled
water and mix thoroughly.

f: Determination of the Ceric Acid Sulfate Equivalence Ratio.

{1) To each of three 250-m1l flasks add 25.00 ml of 0, I1N cer
acid sulfate (CAS) solution. Add to each flask four drops of ferroin
indicator {commercially available), Titrate with 0.1N ferrous sulfate
solution to the appearance of the orange red ferroin color. Record
the volume of titrant used.

(2) Determine the CAS equivalence ratio (R) the same dav the
standardization or analysis is to be run, to correct for the efiect of
- . . —_ . . .
deterioration of Fe™ “ solutions on contact with air,
g. Standardization of Ceric Acid Sulfate Solution.

(1) Prepare a 0. 1000N potassium dichromate (K2Cr207) soluticn
by dissowmg 4.9032 gm of K3Cr,07) with distilled water in a 1000-ml
volumetric flask. Till to the mark with distilled water. Mix thoroughly.

(2) Add 200 ml of distilled water to each of three 300-mi flask
Pipet 25 ml of 0. 1000N KZC-ZO— solution intc each flask. Pipet 5 r-\.l
furic acid into each flask. Let stand for 5 minutes. Add to each
flask 30.00 mi of 0. 1IN ferrcus sulfate sclution and stir continously.

Add four drops of 0.C25M {erroin indicator to each flask.

4
wn
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(3) Titrate each standard solution prepared in (2) above with the
0. 1N CAS solution to the disappearance of the ferroin orange-red
color. Record the volume of CAS solution to back titrate the excess
Fe304 added to the K,Cr;0- solution.

h. Determination of the Strength of H,0, Sample.

(1) Weigh a 100-ml volumetric flask to the nearest 0. 0001 gra.
Record the weight.

(2) Add 1 milliliter of hydrogen peroxide with a pipet. Weigh the
flask to the nearest 0.0001 gm. Record the weight.

(3) Fill the flask to the mark with distilled water. Mix thoroughly.

(4) Add 50.00 ml of 0. 1N CAS solution to each of three 250-ml
flasks. Pipet into each 250-ml flask 5 ml of the hydrogen peroxide
solution prepared in (3) a2bove.

(5) To each flask add 4 drops of ferroin indicator. Titrate wit
0. IN ferrous sulfate solution to the appearance of the orange-red
endpoint. Record the volume of titrant used.
5.1.4 Data Required: Weight in grams to nearest 0.0001 gm; volume
in milliliters to nearest 0.01 nal

a. To determine the CAS equivalence ratio (R):

(1} Volume of CAS solution

{2) Volume of FeSO4 solution

b. To determine the normality of the CAS solution:

(1) Normality of KZCrZO7 solution (4 decimal places)
(2) Volume of K5Cr05 solutien

{3) Volume of FeSO, solﬁtion added to KZC"ZO’/' solution

(4) Volume of CAS solution to back titrate excess FeSQO, solution
added to K3Cr20+ solution

\
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(5) The CAS equivalence ratioc to 4 decimal places

c. To determine the strength of the H,O, sample:

(1) Weight of empty 100-ml volumetric flask

(2) Weight of 100-ml volumetric flask plus sample of H,0,
(3) Weight of HO, sample

(4) Volume in H,0, sample solution

(5) Volume in HyO; aliquot used in the determination

(6) Volume of CAS solution to which HZO'2 aliquot is added

(7) Volume of FeSO4 solution used to back titrate excess CAS
solution

’

{8) The CAS.équivalence ratio

5.1.5 Data Reduction and Presentation

a. Determine the CAS equivalence ratio. Use the formula:

R = A/B 1)
where R = the CAS equivalence ratio
A = volume of CAS solution in milliliters
B = volume of FeSOy solution in milliliters

Take the average of the three values determined.

b. Determine the normality of the CAS solution. Use the formula

X
N = EXD

where N = normality of the CAS solution

C = normality of the K5Cr04 solution

12
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D = wvolume of the K2Cr20-‘,- solution
E = wvolume of the eSO, solution added to KZCr207 solution
R = CAS equivalence ratio
F = volume of CAS solution to back titrate excess FeSO_.é

added to K;Cr,0+ solution
Take the average of the three values determined.

- c¢. Determine the percent strength of the H,0,. Use the formula:

(G - H X R)K X 100

- T H20z = W X L/M (3)
where 7 H,0-, = weight percent H,C» content of the sample
2%2 gat ¢ 22 1%
| G = volume of CAS solution to which H7O3 is added
H = volume of FeSQ, solution to back titrate excess
CAS solution -
X = normality of CAS solution (IN) X 0.01701 gm/megq
(the milliequivalent weight oi H;0;)
W = the weight of the H;0O, sample. (tem 5.1.+c(3))

Subtr..ct the weight of the empty 100-ml volumetric
flask from the weight of the 100-ml volumetric
flask plus sample of ¥,0;.

L = volume of the H,O, sample aliquot
M = volume of the H,O, sample volumetric flask

Tzke the average of three determinations. The three results shculd ’
i agree within 0.5 percenrnt.
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5.2 Determination of Tin in Hydrogen Peroxide
bv Atomic Absorption Spectroscopy

5.2.1 Objective., Determine the tin content of hydrogen peroxide
solutions. Tin compounds are used to stabilize solutions of con-
cuntrated hydrogen peroxide used as monopropeliant pressurization
agents in rocket systams.

.2.2 Standards: For reagent grade H;O,, maximum Sn ccntent is
part per million

N

5.2.3 Method
a. Scope. This method may be used to measure tin present in
the parts-per-million range in hydrogen peroxide.

b. Egquipment Reguired.

(1) Atomic absorption spectrophctometer set for use with air-
acetylene flame

{2) Tin hollow cathcde tube

(3) Volumetric flasks, 50, 100, 1000 :nl

(5) Weighing boat

{(7) Eydrometers, specific gravity range 1.000 to 1.400
Y IS 5 M 5
(8) Graduated cylinder, 100 mi

c. Preparation of CGlassware. Use glassware that has been care- |,

iully cleaned, then rinsed thorcoughly with double-distilled water tefore

ation of Reagents

fu
¢
)
(]

gs)
Y
"

(1) Prepare a 1000-microgram/milliliter stock solution of Sna.
Dissoive 2,2471 gm cf sodium stanrnate {Na2Sn(OH)s) in a 1000-millilites

NS
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volumetric flask and dilute to the mark with double-distilled water.
Mix. Transfer and store in a polyethylene bottle.

(2) Prepare a 100-microgram/milliliter Sn solution. Pipet
10 ml of the 1000-microgram/milliliter Sn soluticn into 2 100-ml
volumetric flask and fill to the mark with double-distilled water.

e. Operation of Equipment. Refer to the instruction manual to
insure that the proper segquence of cperations is followed to prepare
and adjust the instrument, measure sample absorption, and de-~energize
the equipment. Special items to check in the sequence are:

(1} Installation and adjustment of the proper source lamp

(2) Proper setting of control parameters

(3) Proper wavelength settings and adjustments
(4) Operation of exhaust hoed

{5) Operation of burner in strict compliance with instruction
1

Absorption of samples and standards measured as shown in

instruction manual

{3) Power switch off
Z. Conduct of Test

(1) Measure a 500-ml sample of hydrogen percxide into a
1000-ml beaker. Add 200 ml double-distilled water. Place the
beaker inside a fume hood, add zbout 10 mg powdered silver, and
cover with 2 watch glass. When evolution of gas bubbles ceases,
place the beaker on a hot plate and take to near dryness. Wash down
the sices of the beaker with double-distilled water and filter solution

into a 50-ml volumetric flask., Dilute to the mark with double-

SR LSS FEE T

>

distilled water.
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(2) Transfer a 5-ml aliquot portion of the sample into each of
three 10-ml volumetric flasks labeled A, B, C. To flask A add no
standard Sn solution, to flask B add 1 ml of 100-microgram/milliliter
Sn solution, to flask C add 2 ml of 100-microgram/milliliter Sn
solution. F'ill each of the three flasks to the mark with double-
distilled water. Mix thoroughly.

{3) Measure the absorption for each solution with the spectro-
photometer using an air-acetylene flame. Record the absorption
measurements.

(4) Determine the density of the hydrogen peroxide sample at
25°C. Use a calibrated hydrometer and apply the hydrometer
correction. Record the hydrometer readings.

5.2.4 Data Required
a. Original sample volume in milliliters
b. Volume of concentrated sample in milliliters
¢. Volume of aliguot portions in milliliters

d. Amount in milliliters of standard Sn solution added to sample
aliquot portions

e. Volume in milliliters of test solutions
f{. Absorption measurements of test solutions

g. Hydrometer reading and correction

5.2.5 Data Reduction and Presentation: Plot absorbance vs concent-ation.

a. Convert absorption measurements to absorbance units.
Use conversion tatles in the instrument operation manual,

b. Use rectangular coordinate graph paper. Plot absorbance
versus concentration due to standard addition. Zxtend :he line
obtained to zero absorbance.

P L a—
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Fig. 1. Absorbance vs Concentration

The point of intercept on the zero absorbance axis is the Sn concentra-
tion of the test solution to which no standard additions were made,.

c. Apply hydrometer correction to hydrometer reacing. Use
this value for the density in grams per milliliter.

d. Calculate the SN concentration of the original sample.
Use the formula:

v
- T
I Xz XV
»"3 2
C = 4)
vV X D ()
1
where C = the Sn concentration of the original sample in parts per
: million by weight
I = the Sn concentration of the test solution with no additions
‘ in micrograms per milliliter
-V, = volume iz milliliters of test sclution
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<
(¥}
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volume in milliliters of sample aliquot
V_, = volume in milliliters of concentrated sample

V1 = volume in milliliters of original sample

D = density of H,CO, sample in grams per milliliter

Sample Calculation:

ug 10 ml

10.3ml x > ml X 530 ml e
C = 1.86 = = 1.9 ppm
500 ml X 1.1081 22 g
: ml
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5.3 DPotentiometric Determination
of BECl in Rocket Exhaust Gas

5.3.1 Objective: Determine the HCI conteat of rocket motor exhaust
gas samples to insure that proper protection against HCIl respiratory
hazard is provided launch personnel

5.3.2 Standards: Maximum five parts per million HCl in air

5.3.3 Method

a. Scope. HClis present in the exhaust gases produced by the
burning of solid propellants which contain chlorine-bearing compounds.
This method is azpplicable for that portion of the chlorine content that
has been converted to chloride icn (Cl-). The Cl is determined with
AgNO _ using a potentiometric end point. The Cl is reported as HCI
equivalent. The extreme sensitivity of this method requires that great
care be taken tc protect sample bottles, glassware, and reagents from
contamination. The special construction of the sample bottles recuires
that they be handled and transported very carefully. The methed does
not cover sampling procedures, but it does prescribe preparation of
gas sample bottles.

b. Zquipment Required.
(1) Burette, 2 ml, graduated in 0.0! ml

(2) Pipets, 2 ml, 10 ml

—
(O]
~—

Volumetric flasks, 100 ml, 1000 i, 2000 mu

—_
18
~—

Beakers, 50 ml, 250 ml

(3) Water pur‘ity (conductivity) meter

(6) Volt/millivolt potentiometric recorder
{7) Silver electrode

{8) Calomel clectrode

(9) Rubber hose

o
<

H-cell
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(11) Syringe, 5 mi

(12) Vacuum pump

{(13) Barometer

(14) Mercury manometer, 1 meter

(15) Spherical gas bottles, 5 liter. with teflon stopcocks and
O-ring seals

¢c. Preparation f6r Test.

(1) Prepare gas sample bottles. Use a water purity (conductivity)
meter to determine the conductivity of the double-distilled water to be
used in rinsing the sample bottles. Note the conductivity reading.
Rinse each bottle at least three times with double-distilled water.
Check the last rinse with the purity meter. When the conductivity of
the rinse water is the same as the original value for the double-distilled
water, the bottle is acceptable. Remove the water remaining in the gas
bortle by rinsing with spectro grade acetone. Remove the acetone
remaining by evacuation. After evacuation, check the bottle vacuum
with the mevcury manometer. Internal pressure in the bottle should
be less than 5 mm Hg absolute. Check that the bottle valves are closed.
Place the sample bottle in the transport container, making sure that the
bottle fits smoothly, with no strain on the valves or stems.

(2) Prepare 1M KNO, solution. Dissolve 202.2 gm of analvtical
grade KNQC_ in a2 2000-ml volumetric flask, using double-distilled water,
z'ill to the mark and mixr,

(3) Prepare standard AgNQj solution 0.0100N. First, prepare a
stock 0. 1000N AgNO3 solution by dissolving 16.98% gm AgNCO3in a
1000-ml volumetric flask, using double-distilled water. Fill to the
mark and mix thoroughly. Pipet 10 ml of the stock 0. 1000N AgNOj
solution into 2 100-ml velumetric flask, Fill ‘o the mark with double-~
distilled water and mix thoroughly.

(4) Prepare standard KCIl solution 0.0100N. First, prepare a
stock 0, 1000N XCl solution by dissolving 7.455 gm analyHcal grade
KClin a 1000-ml volumetric flask using double-distilled water. Fill
to the mark., Mix thoroughly. Pipet 10 ml of the stock 0. 1000N KC1
solution into a 100-ml volumetric flask, using double-distilled water.
ill to the mark. Mix thoroughly.

e
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(3) Prepare H-cell. Rinse a clean H-cell with dourle-~distilled
water. Add 1l gram of agar to 25 ml cf 1M KNC3 solution. H

near boiling. When fluid, {ill a 5-ml! syringe. Hold ¢

the crossbar is vertical and use the syringe to fill the crossbar. When
the agar salt bridge has cooled, the cell is ready for use.

(6) Prepare silver electrodes. Clean the metallic tips of a pair
of silver electrodes with detergeant and scouring powder. Scour vigor-
ously as required to prepare a clean surface. inse the tips in distilled
water and immerse in saturated KCl solution. Connect one electrode to
the positive pole of a 1. 5-volt dry cell and the other electrode to the
negative pole. Reverse current polarity to alternately clean and recoat
the receptor electrode. When adequately coated, the receptor electrode
will turn violet in color., Disconnect the electrodes and rinse the tips
in distilled water

(7) Prepare an electrocde calibration solution by dissolving 12.82 gm
of bromide-free KCl in 100 ml of distilled water.,

(3) Check the coated electrode. Place about 50 ml of electrode
calibration solution in a 100-ml beaker. Place a calomel electrode and
the coated electrode in a suitable holder and immerse them in the cali-
bration soluticn. Measure the potential. It should be between -18 mv
and -25 mv at 20° to 30°C. Values outsice this range indicate unsatis-
factory silver electrode coating.

(9) Determine the chloride-free potential {endpoint). Rinse the
electrodes with distilled water aznd install them in the H-celi. Place
the coated silver electrode {Ag/AgCl) in the sample (drain) side of the

( i
H-cell. Place the calomel electrode in the re’erence side of the H-cell
Add 25 ml of IM KNOj to each side. Connect the electrod

tiometric recorder. With chloride-ion-iree electrolyte in the &
halfcell, a potential of -265 mv to -270 mv will be measur

NCOTE: THE Ag/AgClHALFCELL POTENTIAL MAY TEND TO SHIFT
DUE TO THEE CONDITIONS TO WHICH THE ELECTRODE HAS BEEN
EXPOSED. FOR THIS REASCN, DETERMINE THE CHLORIDE-FRIZ
E\JDPOINT BEZCREZ AND AFTER EACH DV’TE’%\/U\IL\"‘?O\I TAKE
THE AVERAGCE OF THESE VALUES AS THE ENDPOINT. HICGH

CONCENTRATION OF THE SILVER OR CI—ILOR-.L, IO\ID WILL TZND
TO "SHOCK" THE Ag/AgCl .:JLECTROD:.. AFTER SUCHE EXPCSURE,
ALLOW THE ELECTRODE REST IN IM KNC3 ELECTROLYTZE FOR
TES, TO ‘:{ COVER ITS STABLE POTENTIAL,

ABOUT 12 MINUT
RECOVERY DOES NOT OCCUR, REPEAT PROCEDURES {¢) THROUCH
(3) ABOVE,

(e

-
- e
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(10) Standardize AgNOj solution. Agitate the sample side of th
H-cell by introducing a geatle, uniform flow of air through the gas
inlet stem. Determine the chloride-free potential., To the sample
side add 2 ml of standard 0.0100N KCl1 solution. Allow the svstem to
come to 2 stable potential. Add standard 0.0100N AgNO; solution in
increments. Allow the system toc come to a stable potential between
incremental additions. Record the AgNO3 volumes on the voltage chart.
Titrate 5 mv past the original chloride-free potential. Drain the sample
side of the H-cell and refill with 1M KNO3 solution. Determine the
chloride-free potential. Average the before and after chlerice-free

potentials and use this value as the endpoint. Record the titrant volume
that corresponds to this average endpoint value,

d. Determination of HCl in Field Samples.

(1) When the sample bottle is brought in from the {ield, inspect it
closely for damage before removing it {rom the transport container,
Carefully remove the gas sample bottle from the traasport container,
Cconnect the bottle to the mercury manometer. Open the stopcock of
the bottle. Record the pressure. Close the stopcock and disconnect
the bottle {rom the manometer. Record the barometric pressure.

ey

(2) Clean a 50-m! beaker to insure its being Cl f{ree.

(3) Add about 8 ml of 1M XKNOj solution to the sample bottle.
Clecse the stopcock and rotate the bottle so that the KNO3 solution con-
tacts all the interior surfaces of the bottle and thus extracts the HCI.
Drain into the 50-ml beaker. Repeat the procedure until three extracts
have been drained into th2 beaker.

THZ SAMPLE BOTTLEZ ASIDE FOR SPECIAL CLEANING
DESCRIBED IN c¢(l) ABOVE,

{4} Determine the chloride-free potential of the H-cell, Drain the
sample side and refill with the 25-ml KNO3 extract. Titrate with stan-
dard 0.0100N AgNOj3 solution. Use procedure described in ¢(10) above,
After titration, cdrain and refill the sample sicde of the H-cell with
1M KNOj3 solution and determine the chloride-free potential., Again
use the average of the before and aiter chloride-free values as the
endpoint. Record the Htirant volume that corresponds to this average
endpoint valiue,

.
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5.3.4 Data Reqguired
a. Barometric pressure to nearest millimeter Hg
b. Manometer pressure to nearest millimeter =g
c. Volumes of AgNO3 solution to nearest 0.001 ml
d. Volume of KCl standard solution t\:) nearest 0.0l ml
e. Normality of standard KCl soluticn to three significant iigures
f. Voltage recor'dings
g. Room temperature in degrees centigrade
" h. Volume of sample bottle in liters to nearest 0.1 liter
5.3.5 Data Reduction and
Presentation
a. Calculate normality. Use the formula:
N(agnoy = BLECLX (N(KCD)] (51
ml AgNO,
Where N(AgNO3) = normality of standard AgNOj soiution in milli-
egquivalents per milliliter
ml KC1 = volume in milliliters of 0.0100N XCi stancdard
solution
N(KCl) = normality of standard KCl in milliequivalents
per milliliter
ml (AgNO3) = volume in milliliters of standard AgNQOj3 solution

T o 22
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b. Calculate the concentration of HC! in gas sample bottle in parts
per milliorn (ppm) by volume in air. Use the formula:

: 1 HCl
A+ N(AgNO;) x 22.4 X 10 :ll T mol
S -~ 10" meqg ECI ”
ppm HCL = v (—BONT) 273" K, o)

I .
s 760 mm Hg' Tr° K
Where ppm HCl = concentration of HCl in ppm by volume in air

- A = volume in milliliters of standard AgNQC3 solution
to titrate KNO; extract of sample bottle

N(AgNO,) = normality of standard AgNOj; in milliequivalent
per milliliter

Vs = volume of sample bottle in liters -

P(INT) = absolute pressure inside the sample bottle with
sample collected in millimeters Hg. Determine
P(INT) by subtracting differential manometer
pressure from barometric pressur

+1
*
1

room temperature in degrees XK. Add 273 to room
temperature in degrees centigrade.

Sample Calculation:

A
meo <41 ol HCL
0.052 ml x 0.0101 =22« 22..4% 10 o —tol HC
mil mol L3 o
som HCL = ! meqg HCL
SR 5 Oltxéso mmHz\(Z73cI'
) 780 mm Hg © 296°K
. 1 -
ppm HCl = 4.5';? = 4,5 ppm
FS

N S T

i

i
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Determination of Dioctvl Adipate
in Solid Propellant Using
Infrared Spectroscopy

5.4.1 Objective: Determine the dioctyl adipate (DOA) content in solid
propellant. Quantitative analysis of solid propellants is used either ¢
confirm propellant identification or to determine extent of propellant
deterioration.

e

5.4.2 Standards: Per applicable propellant specifications, which ar
classified. This method may be used as an alternate to Method T208. 4,
MIL-STD-286B.

; 5.4.3 Method

a. Scope. The infrared absorgption spectrum of the sample i3 com-
pared to that of 2 standard composition. The use of an internal standard
makes it unnecessary to determine sample thickness. However, the
internal standard mixture must have uniform composition.

p. Equipment Required.

(1) Dual-beam infrared spectrophotometer
(2) KBr pellet die

(3) Hydraulic press, 20 ton/in2 capacity

(¢) Microgram balance, 0-20 gm = 0.000001 gm

(5) Single-pan analytical balance, 0-200 gm = 0.0001 gm

(6) Stainless steel sample vials ("Wig-L-Bug')

(7) Sample vial shaker

A A R s

(8) Vacuum pump with hose
c. Conduct of Test,

(1) Determination of Spectra (Instrument Parameters). Energize
the spectrophotometer. Install chart paper and set wavelength to 4.0 .
microns. Set scale expansion at 1X., Adjust zeroc and 180 p:ar:ent
transmittance readings of the pen to the corresponding chart value. Ses
manual slit width to 75 microns. Place the pellet, contzining the mate-
rial under test, in the pellet holder. Insert the holder in the sample
beam. Adjust the transmittance to 85 percent. Scan and record to 3.5
microns. (Naliy peak occurs at 4,75 microns.)
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NOTE: If TEE NaN3 PEAK EXTENDS BELOW 20 PERCENT TRANS-
MITTANCE, MAKE A NEW PELLET USING LESS MATERIAL.

At 3, 5-micron wavelength setting, adjust the manual slit width to 100
microns. Scan and record to the 6.1 microns. Label each spectrum.
Remove the pellet holder from the sample beam and rotate the pellet
45° from its original position. Reinsert the hclder in the sample beam.
Loosen the scan drive and reset wavelength to 4.0 microns. Move
chart to wnused arez. Tighten scan drive and repeat scan of NaNy and
DOA peaks as above. Repeat the procedure until the pellet has been
rotated a total of 180° {four tirnes)

(2) Prepare pellet. Weigh on a mic*obala_nce a clean, dry sample

vial ("Wig-L-Bug'). Recoxd the weight. Add the first ingredient.
Weigh on the microbalance. Record the weight. Add the second
ingredient. Weigh on the microbalance. Record the weight. Add the
grinding ball and cap to the vial. Place the vial on the shaker and grind
for 2 minutes., To make a pellet from this mixture, place the body of
the die on its base., Insert the small, lower ram into the die opening
with the shiny surface up. Transfer approximately 300 mg of the pre-
pared KBr mixture to the die opening. Insert the too plunger and, with
a light rotary motion of the plunger, level the sample. Connect the die
to the vacuum systermn and evacuate the die to 2 pressure of 2 mm Hg
for about 2 minutes to remove lightly held water from the suriace of the
KBr and to remove the air from between the KBr particles, With the
vacuum still connected, place the die with the top platen, if required,
on top of the ram. Press for 4 minutes at 10 tons of total force,
Disconnect the die from the vacuum line, relieve the pressure of the

: press, and remove the die. Invert the die and remove the base, Place

% the invertsd die back in the press, and center the split ring on the die

so the lower plunger will be visible when forced from the die., Now,
with the press, force the plunger upward until the lower ram and pellet
just clear the body of the die. Remove the die from the press and, with
tweezers, place the pellet in the pellet holder, Insert the pellet holder
in the instrument. Determine and record the spectrum of the pellet,

(3) Prepare notasamm bromide/sodium a2zide mixture, Mix in a .
grinder to 2 uniform consistency 20 gm 'chvt'le::erq KBr and 0,026 gm
Na.\I3. Prepare three pellets., Identmy and weigh each celle- Deter-
ine the absorbance for each pellet of the NaNg3 peak at 4. 73 microns
Lxl\ above]. Divide the absorbance of MNaNjy peak of each pellet bv its
veight. The ratios should agree within two significant figures, If anot,
prepare a new mixiture,

’“51
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(4) Prepare syathetic propellant. Use the follcwing reagents:
(MEK) methyl ethyl ketone (reagent grade), (KBr) potassium bromide
(ACS grade), (NH4ClO4) ammonium perchlorate (ACS grade). Establish
the composition of the propellant to be analyzed, from specifications or
similar documents. Weigh as in (2) sufficient DOA, NH, ClO. and XBr
to the nearest 0.02 mg to make a l-gram sample whose composition
approximates the composition of the propellant to be analyzed.

Together, these materials are referred to as synthetic propellant.
Moisten mixture with MEK.

WARNING: USE THE FUME HOOD FOR OPERATIONS INVOLVING MEK.
GRIND AND MIX UNTIL THE PROPELLANT IS UNIFORMLY MIXED.
PLACE THEE PROPELLANT IN A VACUUM DESSICATOR AND EVAC-
UATE TO REMOVE ALL TRACES OF MEK.

(2) Prepare a reference propellant mixture. Follow procecdure
in (2). First add 0.005 gm of synthetic propellant {4) to sample vial.
Add NaN3/XBr mixture (3) to make one gram. Record weights. 2add
grinding ball and cap. Proceed as in (2).

(6) Prepare = sample propellant mixture, Follow the procedure
in (2). First add 0.005 gm of powdered propellant to be analyzed. Add
NaN3/KBr mixture (3) to make one gram. Record weights. Add grind-
ing ball and cap. Proceed as in (2).

5.4.4 Data Required: Weight in grams to nearest 0.000C01 gm.

. "X "2

a. Synthetic Propellant.

(1) Weight of sample vial {tare 1)

(2) Weight of tare 1 plus DOA

(3) Weight of tare ll pius DOA plus NH4CIO
(4) Weight of tare 1 plus DOA plus NH,CiO plus KBr
b. Reference Propellant Mixture.

(1) Weight of sample vial (tare 2)

(2) Weight of tare 2 plus syntnetic progellant

(3) Weight of tare 2 plus synthetic propellant plus K3r/NaNj

[y
-1
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¢c. Propellant Mixture.

(1) “Weight of sample vial (tare 3)

(2) Weight of tare 3 plus propellant

(3) Weight of tare 3 plus propellant plus KBr/NaN;

d. Retain all chart recordings.

5.4.5 Data Reduction and Presentation

a. Calculation of the DOA Content:

(1) Construct baselines Ior all of the recorded scans by drawing
the best straight line through the minimum absorption points for each
scan.

I base

(2) Determine the absorbance value (log T/
I sample

and DOA absorbance peaks,

Y for each NaN3
{3) Divide the absorbance (A) value for the DOA peak by the A value
for the NaN3 peak for each scan,

A(DOA)
A(Nally)

(4) Average the values of this ratio for the scans on the reference .
propellant mixture pellet and the sampie propellant mixture pellet,

(3) Use the relationship:

Concentration DUA in Svnthetic Provellant

sverage ADOA)
verag A(NaN,)

Reference Propellant Mixture

(10
Concentration DOA in Provellan:
A{DQA)
A(NaN3)

Average Propellant Mixture

o

The weight fraction of DOA in the synthetic propellant is determined by
dividing the weaight of DOA in the amount of reference propellant mixture =
by the total weight used to prepare the pellsts,

28
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b. Sample Calculations.
(1) Synthetic propellant:
Tare 1 + DOA 10. 160035 gm
Tare 1 10, 128926 gm
DOA 0.031109 gm 9.85%
Tare 1 + DOA + \IH4CIO 10.336129 gm
Tare 1 + DOA 10. 160035 gm
NH,ClO, 0.176094 gm 53.827%
Tare 1 + DOA + NH, C1O, + KBr 10, 444412 gm
Tare ! + DOA + NH,ClO, 10.336129 gm
- ° KBr 0. 108283 gm 34,327
(2) Reference propellant mixture:
Tare 2 + synthetic propellant 3.207142 gm
Tare 2 8.,202113 gm
Synthetic propellant 0.005029 g
Tare 2 + synthetic propellant + XBr + Na N3 9.202181 gm
Tare 2 8.202113 gm
Reference propellant mixture 1.000068 gm
(3) Weight percent DOA in reference propellant mixture:
0.005029 gm X 0.0986 X 100
o _ g
Wt % DOA = 1,000068 gm
Wt 7% DOA = 0,04938
(4) Propellant mixture:
Tare 3 + propellant 10, 134866 gm
Tare 3 10,129932 gm
Propellant 0.0043964 gm
Tare 3 + propellant + XBr + NaN, 11, 129908 gm
Tare 3 - 10,129932 gm
Propellant + XBr + NaNS 0.©99976 gm
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(5) Absorption data:

A(DOA)/A(NaN.)

3
Propellant mixture pellet 0.20780
Reference propellant mixture pellet 0.19772

(6) Weight percent DOA in propellant mixture:

0.04938 Wt % DOA in Propellant Mixture
0. 10772 0, 20780

Wt % of DOA in Propellant Mixture = 0.052117
(7) Weight percent DOA in propellant:

0.0005211X 0,99%976 X 100
0.004964

Wt % DOA in Propellant =

Wt % DOA in Propellant = 10, 5%

30
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5.5 Quantitative Analvsis of Alloying Elements
in Steel Using Emission Spectroscoov

(6} }
wn
[,
o
14
2]
¢t
'A
4
W

5.5.2 Standards: Not apglicable

W\
(¥ )

. 3.3 Method

a. Scope. This orocedure is applicable to steels containing

alloying elements in the concentration ranges shown in Table 1.

OF ALLOYING ELEMENTS IN STEELS
Element Concentration Range (percent)
Boroa (B) 0.002 - 0.01
Chromium (Cr) 0.3 -~ 1.1

2.5 - 25.0 (Stainless Steel)

Manganese (Mn) 0.3 -1.5
Molybdenum (Mo) 0.2 - 1.0
| Nickel (‘Nl) 0.1-1.0; 0.5- 3.0
Silicon (Si) 0.1-0.3 )
0.3 -1.2
Vanadium (V) 0.005 - 0.15

(93}

Determine the content of 2lloying elements in ste
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b. ZXgquipment Reqguired

(1} Dual-grating emission spectrogranh

{2) Plafe reading densitometer

(3) Darkroom facilities

(4) SA'I type spectrographic plates, 4~: 10 inches
c. Preparation of Equipment

(1) Set the following conditions on the grating control panel of the
emission spectrograph instrument:

. (a) Separétion to 0
(b) Light for grating #1 to 100 percent and #2 to O
(c) Separation of spectra to 6 mm

(d) Movement cf plate to down and automatic

(e) Wavelength range for grating #1 to the value listed in Table 2
for the element being determined

(2) Set the spectrograph slit controls as follows:

(2) Slit width to 20 microns

(b) Place filter #2 (7%/100%/33% transmission) into positicn
(c) Slit height to 6.5 mm

3) Set spectrograph excitation unit to the following conditions:
(=3 &

(a) Capacitance and inductance switches to ''short’

(b) Selector switch to the type of excitation listed in Table 2 for
the element being determined

{c) Rotate spark power to its counterclockwise limit

32
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(d) Rotate arc power to position #10.

(e) Set the prespark and total timers to the values licted in
Table 2 for the element being determined.

(4) Place a carbon electrode in each holder and turn on the air
flow regulator so that a reading of 3 pounds is obtained.

(5) Start the spectrograph and turan the spark power clockwise
until the number of discharges established for the element being
determined listed in Table 2 is obtained on the oscilloscope.

(6) Stop the spectrograph.

(7) Set the plate position to 6 on the plate position scale.

(8) Insert a loaded film holder into the film holder rack.

{9) All samples and standards must have a flat surface. Polish
the surface of each sample on a belt sander to insure that it is clean
and flat.

d. Conduct of test

(1) Employ the excitation sequence shown in Table 3 for the
analysis of up to six unkrnowns.

(2) Pull the plate holder back cover up until it has reached the
upper limit of travel as indicated by a metallic "click’ sound,

(3) Start the unit and allow it ‘o run the programmed cycle,
(4) Place the appropriate spectrographic steel standard in the

lower electrode ciamp, and place a 3/16-inch cutside diameter slec-
trode point-down in the upper clamp.

(5) Start the unit and, during the prespark time, adjust the
electrodes to the red lines on the burner housing.

NOTE: THIS ADJUSTS THE ELECTRODE CGAP TO 3 MM. DO NOT
CHANGE THE ADJUSTMENT DURING THE ZXPOSURE.

(6) Repeat steps {4) and {3), using the unknown samgle in place
of the standard. Run no more than three unknowns in series.
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TABLE 3

EXCITATION SEQUENCE FOR ANALYSIS

OF UP TO SIX UNKNOWNS

Spectrum No. Sample

*1 Carbon
2 Standard (High)
3 Standard (Low)
4 Unknown
5 Unknown

6 Standarvd (High)
7 Standard {Low)
8 Unknown
Q Unknown

10 Standard (High)

#Spectrum 1 is run as a check on the electrode purity.

R
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(7) Repeat steps (4) and (5), using the standard.

i ?
(8) Repeat steps (4) through (7) to analyze up to nine unknowns.
(9) Upon completion of excitation, turn the master switch

{excitation unit) off,

turn the lamp on the burner housing off, and
turn the air ofi.

(10) Push the plate holder back cover down until it is in a closed
position.

(11) Remove the plate holder and take it to the darkroom.

(12) Develop the plate.

5.5.4 Data Required: Retain the developed plate.

5.5.5 Data Reduction and Presentation

a. Determine the transmittance reading (Tr) of the analytical
lines listed in Table 4

b. Determine the average transmittance reading for each line.

c. Calculate the Seidel function value to four decimal places for
each transmittance reading. Use the formula:

100 ;
S = 10g('r: - 1) (ll)
where S = the Seidel function
Tr = the transmittance reading

d. Subtract algebraically the S value for each internal standard Te
line from each corresponding sample line. The difference is 2
logarithmic intensity ratio.

e. Take the average of the log intensity ratios for the known

sample concentrations.
f. Use semilogarithmic paper to plot percent concentration vs

g intensity ratio for the kanown standard vzalues.

ol

Plot percent con-
ntration on log scale and average log intensity ratios cn linear scale.

36
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g. Use the log intensity ratio of the sample to determine the
graphical value for the concentration of the sample.

973
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5.6 Collectinon of Rocket Exhaust Gas Samnples
by Cascabel Sampler

5.6.1 Objective: Collect rocket exhaust gas samples in a precise time
sequence. Rocket exhaust gases contain combustion products harmiful
to personnel. Since the exhaust cloud is of relatively short duration, 2
reproducible method of capturing representative samples is essential.

5.6.2 Standards: Not applicable
5.6.3 Method

a. Scope. The cascabel device is an automatic sequential gas
sampler and may be used wherever there is access for a 5/8-inch
cutside diameter sampling line. There must be 110v ac, 60-Hz power
available. The sampler must be protected from the rocket blast.

The samples must be collected within the timing cycle (75 sec).
Manual operation of the starting switch incorporates human error.

b. Equipment Required. An automatic sequential gas sa:npler
(Figures 2 and 3). Whenever power is supplied to the chassis board
of the gas samrpler, the blower motor will operate continuously.

The manual trigger must be on for the timer to function. When the
manual trigger is on, power is suppiied threough the normally closed
contacts of the delay relay. This power operates the synchronous
motor which drives the eight cams which open and shut the eight
microswitches. Each cam operates one microswitch which energizes
one solenoid valve. EKach cam can be set to operzte for 0 to 100 percent
of cycle anywhere between 0 a2d 100% of cycle. Normally the cycle
length is 75 seconds with the sampling time of 3 seconds per sample.
Most of the samrles are taken close to T = 0, where experience
shows that the highest concentration of exhaust fumes exists, At the
end of thz preset time, the delay relay shuts off power to the timer.
The timer will not start agaizn until the manual trigger is turned oiiZ
and then on again.

c. Sampler Preparation and Installation

(1} Survey anticipated launch area and prapare blast protecticn
ior sampler boxes within it.

{2) Coordinate as required and establish the starting time tfor
samplar {sucn as T minus 15 seconds).
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Fig. 2. Block Diagram of Sequential Gas Sampler
1. Three-conductor cord, 110v ac, 60 Hz, with cable reel, 230 £t
2. Chassis board (See Figure 3 for partial schematic.)
3. Power socket, blower socket |
4. Delay relay, 0-180 sec
5. Trigger socket
6. Timer-synchronous motor with eight camdriven micreswitches,

one cycle 75 seconds

7.
8.
9.
10.
11,
12.
13.

Jumper cables

Jumper plugs for four solenoid valves:

Four-solenoid valve greoup with four '(Z-Iiter) vacuum flasks
Manifold system {one system per each four-solenocid valve group)
Polyvinyl chloride sampling lire, 20ft, 5/8-inch outside diameter
One-way check valve )

Rlower motor

40
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Partial Schematic of Chassis Board

Delay relay, 0-180 sec, contacts for normally ON operation

Toggle switch with extension cord

Synchronous motor, 110v ac, 30-Hz

Cam operated microswitch

Q\J"
&1
110 VAL, 60131_
| 183
7
~®
Fig. 3
1. Blower motor
2.
3.
4. Timer
5.
6.
7. Eight-prong male plug
8.
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Common electrical line
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(3) Coordinate as required and determine timing seguence or
each cam.
(4) Set the cam timing sequence in the timer.
(5) Evacuate sample flasks.

(6) Transport sequential gas sampler and sampling personnel
to launch area.

(7) Confirm sampler starting time.

(72}
'
(2 g
poe
(&
3
.

(8) Place toggle switch in OFF po

(9) Offset timer to compensate for confirmed sampler starting
time prior to T = 0.

{10) Connect soleroid plugs to chassis board.

(11) Place sampler boxes in protected location within anticisated
launch area.

(12) Place the free end of the remote sampling line at the desired
location; for example, inside the launch vehicle crew compartment.

(13) Install manifold system. Use Teilon tape on all ioints to
assure airtight seal.

(14) Connect the coupling end of the line to the entrv side of the
manifold system.

(15) Connect blower motor with one-way check valve o the
manifold system. .

{16) Connect blower motor cord to the chassis board.
{17) Check all electrical connections.

(18) Check delay relay for proper interval.

{19) Connect power line to chassis bcard,

(20} Verify toggle switch is OFF.

42
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(21) Connect power line to 110v ac power outlet.
(22) Give toggle switch to individual who will cperate it.

(23) Vacate launch area of sampling personnel.

d. Sampler Activation. PPlace toggle switch in ON position at
confirmed starting time.

e. Post-Firing Actions

(1) When access to the launch area is permitted, return sampling
personnel to the sampler. '

(2) Disconnect power line from source.

(3) Remove sampling line and manuzl trigger switch.

(4) Uncouple sampling line and blower motor from manifold system.
(5) Uncouple sampling boxes.

(6) Disconnect electrical lines from solenoid plugs and chassis
board. )

(7) Wind power cord on its reel.
(8) Account for all sampler equipment.

/

(9) Transport cequential gas sampler and sampling sersonnel
away from launch area.

(10} Anélyze gas samples.

5.6.4 Data Required

Timer offset in seconds

b. Timer settings in seconds

2.6.5 Data Reduction and Presentation: Not applicable. Howevey,

analysis of gas samples is accomplished primarily by infrared
spectroscopy or as ctherwise indicated.

43
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3.7 Determination of Carbon Dioxide
and Carbon Monoxide in Air by
Infrared Spectroscopv
(Missile Exhaust Gas Analvsis)

5.7.1 Objective: Determine the carbon dioxide and carbon monoxice
content of gas samples to establish extent of personnel hazard present

5.7.2 Standards: 5000 parts per million COp, 50 ppm CO
5.7.3 Method
a. Scope. This method is applicable for values of carbon dioxide
and carbon monoxide above 10 ppm. Sample size must be 2 liters or
larger.
b. Equipment Required
(1) Dual-beam inirared spectrophotometer
(2) Multiple path length cell, 10-meter
{3) Vacuum hose
(4) Vacuum pumpg
(5) Mercury manometer, 1 meter
(6) Barometer
- (7)) Metal and glass tee joints
(8) Stopcocks
(9) Sample bottles, 2-liter and 5-gallon
{10) Gas cylinder with known CQO,/CO concentration for standaxrds
c. Preparation for Test. Install the multiple path length cell on
the IR spectrophctometer. Energize the spectrophotometer and
adjust for maximum transmission by checking the alignment cf the

multiple path length cell and attenuating the reference heam. Instal
char* paper and set instrument to 4« microns (2500 ¢cm 7). Set manual

44
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slit width to 200 microns. Connect vacuum pump td> one vaive of
multiple path length cell. Connect mercury manometer to other val
Open valves. Evacuate multiple path length cell. Recoréd manometer
pressure. Record barometric pressure. Absolute cell pressure '
should be less than 3 mm Hg.

<
®

d. Conduct of Test

. (1) Connect sample botile to evacuated multiple path length cel
Open sample bottle valve. Open multiple path length cell valve.
Open cell valve to manometer. Record manometer reading. Sub-
tract from barometer reading. Record cell pressure. Close samble
bottle valve. Close cell valve. Set wavelength to 4.0 micrens.
Adjust transmission to 80%. Scan and record to 4.5 microns
(CO; peak occurs at 4. 30 microns). Carbon dioxide level normalily
found in air (= 330 ppm) can be recorded at 1X. Carbon monoxid
levels are usually much lower and normally will have to be recorded
at 10X or 20X to give a discernible signal above background (CO peax
occurs at 4.65 microns). Scan from 4.5 to 5.0 microns. Loosen
scan drive and reset wavelength setting to 4. 0 microns. Move chart
to unused area. Tighten scan drive and repeat scan from 4.0 %o
4.5 microns. Make appropriate settings and repeat scan from 4.3
to 5.0 microns. Repeat this procedure to obtain three replicate
spectra of sample. To remove sample, connect vacuum pump to
sample inlet valve of multiple path length cell. Open valve and
evacuate cell to myinimum pressure. Cleose valve. Cell is now ready
for next sample.

(2) Repeat procedure in paragraph &(1l) for each sample. Lazabzel
each spectrum with sample identification, amplification scale, and

cell pressure.

(3) Repeat procedure in paragraph d{!l) for each stardard gas.
Pressure of gas standards in'the multiple path length cell shouid
match the pressure of the gas samgcles. Adjust cell pressure ¢o match
cell pressure when running samples. Standards selected shouid '
bracket sample values. Label spectra as in paragraph 4(2). :

5.7.4 Data Reguired

a. Retain spectra

-

5. Cell pressure in millimeters Hg for gas sample :
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c. Cell pressure in millimeters Hg for standard gas
d. Barometric pressure in millimeters Hg

e. Concentration in pom CO,/CO in standard gas

5.7.5 Data Reduction and Presentation

a. Draw 2 baseline for the absorption bands of each sample
and standard as shown in Figure 4. '

40 Iy 45m Iy S0k

| |
" | l
z | Ig
= | 4.65u
S|\
2 /15
= 4,304
AN

WAVELENGTH IN MICRONS (M)
Fig. 4. Percent Transmittance Varsus

Wavelength
L.egend:
I, = percent transmittance of the baseline
Ig = percent transmittance of the abscrption peak

b. Record the I, (percent transmittance of the baseline) near
the 4. 30-micron and 4.65-micron wavelengths for each sample and
standard.

c¢. Record the I; (percent transmittance of the absorption peak)
near the 4. 30-micron and 4. 65-micron wavelengths for each sampie

and standard.

d. Calculate and record the Ip/Ig ratio for each sample and
standard absorption band.

e. Record and tabulate the absorption (Log (Ip/ig)) for each
atsorption band.
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f. Take the average absorption value for the CO and CO; pezks
for the gas standards and plot concentration vs absorption.

g. Take the average absorption value for the CO and CO, peaks
for the sample gas. From the plot, use the sample absorption values
to interpolate sample concentraticu.
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5.8 Determination of Hvdrocarbons
in Compressed Air by Infrared
Spectroscopy

5.8.1 Objective: Measure the hydrocarbon content of a2ir and other
gases by infrared spectroscopy to establish extent of personnel
hazard present

S

5.8.2 Stancdards: Five parts per million for compressed gas for
breathing purposes

5.8.3 Method

a. Scope. This methcd is applicable to air and other gases
containing more than 2 ppm hydrocarbons as hexane.

b. Eguipnient Requirad
(1) Dual-beam infrared spectrophotometer

{2) Multiple path length cell attachment for spectrophotometer,
10-meter

(3) Saraple bottles, 5-gallon
(4) Vacuum pump with stopcock
(5) Stainless steel U-tube
(6) Sampler with firebrick packings
(7) Metal fittings and‘tubing
(8) Inert plas-tic tubing
(?) Drying tﬁ.be
(10) Ligquid nitrogen
(11) Widemouth Dewar flask, 2 quart
(12) Mercury manometer, 1 meter

{13) Flowmeter

48
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c. Preparation for Test

(1) Construct collection train. See Figure 5.

a4 W

Fig. 5. Block Diagram of Collection Train
1. Sample source
2. Drying tube packed with Ascarite and 2 plug of drying agent

3, 1/2-inch ocutside diameter, 20-inch long, stainless steel
U-tube packed to a depth of 3 inches in both arms with 30-60 mesh
C-22 fire brick with valves and fittings on both ends

4. Two-quart, widemouth Dewar flask

5. Calibrated gas flow meter

{(2) Prepare standards. Evacuate a clean 5-gallon gas collection
bottle to less than | mm Hg absolute pressure. Use a precision,
10-microliter syringe to place 1 microliter (0.6603 mg) of n-hexane
in the stopcock orifice. Open the stopcock and allow the collection
bottle to fill to ambient pressure with air. The resulting concertra-
tion is 34 ppm hydrocarbons as hexane of weight in the bottle.
Prepare other standards (2 microliters (68 ppm), 3 raicroliters
(102 ppm)) in the same manner.

(3) Determine volume of multiple path length cell (equation 12.
para 5.8.5a). Connect the manometer to the multiple path length cell.
Connect the vacuum pump to the other valve. Energize the vacuum
pump, open both cell valves, and evacuate the multiple path lenzth
cell, Record the manometer pressure. Record the barometric
pressure. Absolute cell pressure should be less than 5 mm Hg.

Close valve to vacuum pump. Remove conrection o vacuum pump.
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Connect a container of known volume (5 gallons or larger), whose
internal pressure is known, to the multiple path length cell. Open
valves between cell and the container and allow the manometer
pressure reading to reach equilibrium. Record the manometer
reading. Record the barometric pressure. Use equation 12 to
calculate cell volume.

(4) Prepare instrument. Install the multiple path length cell
on the IR spectrophotometer. Energize the spectrophotometer and
adjust for maximum transmission by checking the alignment of the
multiple path length cell and attenuating the reference beam. Install
chart paper and set iastrument to 3 microns (3333 cm'l). Set manual
slit width to 100 microns. Evacuate multiple path length cell and
record manometer pressure. Record tarometer pressure. Absolute
cell pressure should be less than 5 mm Hg.

d. Conduct of Test

(1) Connect collection train to sample source. Slowlyadd liguid
nitrogen to the Dewar flask to within 1/2 inch of the top. Open valves
on sample source and U-tube. Through the U-tube, adjust sample
flow to 3 liters per minute and pass approximately 60 liters.

NOTE: KEEP THE U-TUBE IN THE LIQUID NITROGEN DURING THE
PERIOD OF SAMPLE COLLECTION ONLY. DO NOT ALLOW THE
OPEN U-TUBE TO REMAIN IN THE LIQUID NITROGEN WITHOUT
SAMPLE FLOW, '

At the end of the sampling period, while the U-tube is still in the

liquid nitrogen, close the valves at each end of the U-tube. Remove

the U-tube from the liguid nitrogen. Place the U-tube in a beaker water
bath at 80°to 90°C for 10 minutes before making the transfer to the
multiple path length cell. Evacuate the cell and close the valves to

the pump and manometer. Open the valve between U-tube and the
multipie path length cell. Close the valves and open the outside valve
on the U-tube. Allow the tube to fill with air. Close the cutside valve -
and open the valves between the cell and the U-tube until the pressure
has been equalized. Repeat this procedure until the pressure in the

cell and U-tube are close to atmospheric pressure. Finally, open

both valves on the U-tube and the sample inlet valve on the cell and
allow the system to reach atmospheric pressure.
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(2) Set wavelength to 3.0 microns. Adjust transmission to 30%.
Scan and record to 4.0 microns. (Hydrocarbon peak occurs at 3. 42
3.4 microns.) Loosen scan drive and reset wavelength setting to
3.0 microns. Move chart to unused area. Tighten scan drive and
repeat scan between 3 and 4 microns. Repeat this procedure to
obtain three replicate spectra of sample. Remove sample. Connect
vacuum pump to sample inlet of multiple path length ceil. Open
valve and evacuate cell to minimum pressure. Close valve. Cell
is now ready for next sample. '

(3) Repeat procedure in paragraph d(2), above, for each sample.
Label each spectrum with sample identification, amplification scale,
and cell pressure, ’

g

(4) Repeat procedure in paragraph d(2), above, for each standard.
Adjust cell pressure to match cell pressure when running samples.
Select standards to bracket sample values. Label spectra z2s in
paragraph d(3), above,

(5) Repeat procedure in paragraph d(2), above, to run blank on
dry ambient air. ILabel as in paragraph d4(3), above.

(81

.8.4 Data Required

a. Determine Volume of Multiple Path Length Cell

(1) Original pressure in millimeters Hg of the container

=

(2) Volume of the container in liters to nearest 0. 1 liter »

{3) Pressure in millimeters Hg of cell and container at
equilibrium -

b, Destermine Hydrocarbon in Air

(1) Retain spectra of samples and standards.

2

(2) Cell pressure in millimeters Hg for samples ' 3

(3) Cell pressure in millimeters Hg for standards

ARG I AL DRI T S ST
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5.8.5 Data Reduction and Presentation

a. Calculate the multiple path length cell voluine. Use the
formula:

Pa

- 2
Pe 1) (12)

Ve = Va {

where Pa = the original pressure of the container
Pc = the pressure of the cell and container at equilibrium

Va = the volume of the container

Ve = the volume of the multiple path lengta cell

b. Calculate the hydrocarbon content in air,

(1) Draw a baseline for the absorption bands of each sample and
standard. See Figure 6.

(2) Determine the Iy (percent transmittance of the baseline) near
the 3.42-micron wavelength for each sample, standard, and blank.

(3) Determine the Ig (percent transmittance of the absorptioh
peak) near the 3.42-micron wavelength for each sample, standard, and
blank

(4) Calculate and record the Ib/Is ratio for each sample, standard,
and blank absorption band.

b+
@]
2]

{3) Record and tabulate the average absorption (log (Ib/Is)) £
each absorption band.

(6) Plot concentration versus average absorption for the standards.

(7) From the plot, use average sample absorntion values to
interpolate sample cell concentration.

(8) Use the sample cell concentration in the formula:

Sample Cell Concentration X Cell Volume (13)
Original Sample Volume

HCT =

where HCs = the hydrocarbon content of the original sample
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Fig. 6. Hydrocarbon Absorption Spectra
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5.9 Determination of Fluoride in
Drinking Water by the Specific
Ion Electrocde Method

5.9.1 Objective: Determine the fluoride ion concentration in drinking
water

5.9.2 Standards: Between 0.7 to 1.2 parts per million

5.9.3 Method

a. Scope. The specific ion electrode (SIE) method is applicable
to drinking water.

_ b. Equipment Required '
(1) Potentiometric recorder, volt/millivolt range
(2) Fluoride specific ion electrode
(3) Calomel electrode
(4) pH meter
(5) Single-pan analytical balance, 0-200 gm = 0.1 mg
(6) Double-pan fé.boratory balance, 0-2000 = 0.1l gm
(7) Glasswaré: |
Beakers, 250, 1000 ml
Volumetric flasks, 100, 1000 ml
Pipets, 1,‘2, 10, 30 mi
Graduated cylindgrs,‘ 10C¢ ml

Polyethylene bottles, 1000 ml

Weighing boats
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c. Preparation of Reagents

(1) Iomnic strength adjustment buffer. Place 500 m! distilled
water in a 1000-ml beaker. Add 57 ml glacial acetic acid, 58 gm
of NaCl, and 0.30 gm sodium citrate. Stir to dissolve. Place
beaker in water bath (for cooling). Insert pH and reference electrodes
in solution. Slowly add 5M NaOH (200 gm/1t}, and adjust pH between
5.0 and 5.5. Cool to room temperature. Transfer to 1000-mi flask
and add distilled water to the mark. '

(2) Fluoride ion standard solution (1000 ppm F7). Dissolve
2.2101 gm NaF in a 1000-ml volumetric flask with distilled water.
Dilute *o the mark. Transfer to 1000-ml polyethylene bottle.

WARNING: NaF IS A TOXIC MATERIAL AND MUST BE HANDLED
CAREFULLY. AVOID BREATHING Na¥ DUST. CLEAN UP WORX
AREA AND WASH HANDS AFTER PREPARING Nafr SOLUTION.

(3) Fluoride ion working standard (100 ppm F7). Pipet 10 ml
of 1000 ppm F~ solution into a 100-ml volumetric flask. Dilute to
the mark with distilled water.

NOTE: PREPARE FRESH FLUORIDE ION WORXING STANDARDS
AT THE TIME OF ANALYSIS.

(4) Fluoride ion working standard (1 pmm F~). Pipet 1 mnl of
100 ppm F~ solution into a2 100-ml volumetric flask. Pipet 30 mi of
ionic strength adjustment tuffer into the 100-ml flask. Dilute to the
mark with distilled water.

(3) Fluoride ion working standard (2 ppm F~ or N ppm & 7).
Pipet 2 ml (or N ml) of 100 ppm F~ solution into 2 100-ml volumetric
flask. Pipet 50 mil of ionic strength adjustment buffer into the 100-ml
flask. Dilute to the mark with distilled water.

d. Preparation of Equipment. Check potentiometric recoriler
for proper operaticn. Check reference and specific ion electrodes
and connect them to the recorder. Zerc the recorder. Place the
electrodes in distilled water. '

e. Determination of Fluoride Ion

{1) Pipet 350 ml of the water sample into a 100-ml volumetric
flask. Dilute to the mark with ionic strength adjustment bufier,
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(2) Transfer the 1 ppm fluoride ion working standard solution to
a 250-ml beaker. Place the electrcdes in the standard solution and
gently stir the solution. Allow the voltage reading to stabilize.
I.abel the recorder trace. Remove the electrodes from the solution.
Pour the solution back into its original flask. Rinse the electrodes

' with distilled water; then gently blot dry with soft tissue.

b (3) Repeat step (2) above for each subsequent fluoride ion work-
ing standard.

e g

J (4) Repeat step (2) above for each sample.

NOTE: THE VOLTAGE READINGS FOR TEE STANDARD SHOULD

: BRACKET THE VOLTAGE READINGS FOR THE SAMPLE. IF THIS
| IS NOT 30, PREPARE AND MEASURE ADDITIONAL STANDARDS
B OF THE APPROPRIATE CONCENTRATIONS,

5.%.4 Duata Reguired

a. Voltage readings for samples

D N

Ryt

_.b. Voltage readings for standards

N

v ok

LI

N f

D ¥ c. Concentration of standards in ppm

P d. Original volume of sample in milliliters

P e. Volume of buffered sample solution in milliliters
5.9.5 Data Reducticn and Presentation

a. Plot the values for the standard solutions on semilogarithmic
graph paper with the voltage readings cn the linear scale and the
concentration values on the logarithmic scale. The plot sheuld be
a straight line. Locate the sample voltage readings on the plot and
determine the sample fluoride solution concentration.

b. Multiply this graphical value by the dilution factor to
obtain the I~ concentration in the sample. Use the formula:

F~ concentration =

Volume of Buffered Samole Soluticon
Original Sample Volume

graphical value -

—
-4
e

~—
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5.10 Determination of Oxygen by
Nondestructive Neutron
Activation Analysis

5.10.1 Objective: Determine the oxygen content in various solid
samples by nondestructive neutron activation analysis, to monitor
changes in oxygen content as influenced by sample environment

5.10.2 Standards: Not applicable

5.10.3 Method

a, Scope. This miethod has been developed for solid samples
weighing between 10 and 50 gm, containing from 1 to 15 grn of oxygen,
However, the samples must not be explosive materials and, moreover,
the samples should not contain fluorine.

L. Equipment Required.

(1) High-intensity source of neutrons with energy greater than
10 million electron volts

(2) A system for rapidly transferring samples between the irradi-
aticn and counting sites

{3) A rotation device with positions for two samples and capable
of direct conriection to the rapid transfer system

(4) A gamma-ray scintillation spectrometry system with two
counting stations

(5) Sample containers of polyethylere (or similar nonocxygen and
nenfluorine containing plastic) suitable for use in the rapid-transfer
system '

(6) A programuning device for controlling the cycle of transfer to
irradiation site, irradiation, transfer to counting site, and counting

¢, Preparation of Standard and Sampie,
(1) Choose a powdered standard which contains no fluorine.

{2) Reduce solid sample to a powder.

&7
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(3) Dry standard and sample in oven at 103°C for abeut 1 hour,

(4) Rerove standard and sample from oven, place in a dessicator,
and coel to room temperature

(5) Weigh empty saraple containers with lids. Record weight.

(6) Cornpact the standard into a container, Screw in container lid
so that it tightly compacts the standard., Weigh the container, Record
weight. Treat the sample in the saime manner as the standard.

d. Preparation of Pneumatic Transfer System. Check to make

/

sure there is ample compressed nitrugen to drive the standard/sample ; 1
containers quickly through the transfer system. See Figure 7. i

i

.e, Preparation of Sample Rotation Device. Place the rotation i ‘

device flush with the target end of the neutron generator, so that the §
maximum nautron {lux will strike standards/samples during irradiation.
See Figure 7,

f. Preparation of Neutron Generator. Opcrate the neutron gener-
ator according to installation safety directives and the inscrument
mranual, Check that the tritium content of the target is adequate to give . ‘
2 total neutron production rate of at least 10" neutrons per second.
See Figure 7,

g. Preparation of the Counting System.
(1) Calibrate each aralyzer so as 1o count only the garnma rays J

with energies above 5 million electron volts, Use calibration proce-
dures contained in appropriate operating manuals,

(2) Determine the relative counting efficiencies of the two counters.
Irradiate two samples of the same composition. Cycle the samples and
record the final number of counts frormn each counter. Repeat this pro-
ceduare eight tirmes, or until confidence in the value of relative counting
efficiencies is established,

NOTE: FOR SAMPLES OF THE SAME COMPOSITION AND WEIGHT,
THE RELATIVE NUMBERS OF OBSERVED COUNTS IN THEZ T VO
COUNTERS WILL BE EQUAL TO THE RELATIVE COUNTING
EFFICIENCIES OF THE TWO COUNTERS,
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Fig., 7. DBlock Diagram of Neutron Activatior Analysis
Test Setup.

Legend:

1. Counting Stationa. Each station consists of at least one Nal(T1)
scintillation crystal connected to a pulse height analyzer.

2. Pneumatic Transfer System. Consists of two flexible tubes
which transfer samples from the counting stations to the irradiation
site znd then back to the couating stations.

3. Sample Rotation Device, The irradiation terminal for the two
prneumatic tubes, It is capable of holding two samples and rotating
each simultaneouely about two axes: (1) end-over-end aboui au axis
in line with the deuteron beam of the neutron generator and (2) about
the cylindrical axis of the sample itself,

4, Source. High-intensity source of neutrons with energy greater
than 10 million #lectron volts (Mev)

5. Programmer, This is a device for controlling the cycle of
transfer to irradiavion site, irradiation, transfer to counting site, and
ccuntiing. '
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{3) Determination of the Background Counting Rate. Take counts
with no samples in the counters, If these background rates are less

than 0.5 percent of the ocbserved counting rates for the irradiated

samples, make no correction. If the background counting rate exceeds

this value, subtract the product of the background counting rate and the

timme of counting from the nwmnber of counts for the irradiated sample,
Use the formula:

Cb
C = C, - {——XTi) (15)
c i min
where CC = corrected count
Ci = counts for irradiated samples

Cb/min = ¢counts with no samples in the counters divided by
~

Ti = counting time for irradiated samples

h, Preparation of the Prograrmuner. Determine by trial the
pneummatic pressure and blow time which are adequate to transfer

standard/sample containers to and from the rotaticn devize without
jamming.

NOTE: A TYPICAL CYCLE WOULD INVOLVE A BLOW TIME TO
IRRADIATION CF 2 SECONDS, AN IRRADIATION TIME OF 30 SECOINDS,
A BLCW TIME TO COUNTER OF 2 SECONDS, AND A COUNTING TIME
OF 60 SECONDS.

i, DCiscussion of Neuiron Activation Analysis Test Setup (See
Figure 7), A sample of known oxygen content and one of unknown

,oxygen content are pneumatically transierred to a rotation device which

is positioned next to a deuterium-tritium generator of 14-Mev neutrons.
Oxygen is activated by the neutrons to give radioactive nitrogen-16.
After irradiation, the activated samples are guickly transferred to
radiation containers where the radiations from nritrogen-16 are selec-
tively counted by means of gamuna-~ray scintillation spectrometry.

The entire procedure of transferring, irradiation, and counting requires
less than 3 minutes. From the oxygen content of the known and the

observed counting data, the oxygen content of the unknown can be
calculated.
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j. Conduct of Test,

(1) Load sample and standard intu the pneumatic transfer system,
3 {(2) Press reset buttons on scalers. Set counts at zero,

(3) Start cycle., Press programmer button.

(4) Record final number of counts from each counter.

1 (5) Calculate the 'ra.‘n'.o of counts in the two counters.

(6) Repeat operations (2) through (5) five to ten times to make sure

that the calcalated ratio is consistent and within a relative standard
deviation of about 2 percent givea by the ratio:

. = X 100 =~ 2% (16)
i B
} where ¢ = standard deviation
B = mean value
, Use standard methods to rejact individual values that are statistically ] 1

out of line, *

amples from the tranafer systern in accordance with

5.10,4 Data Reguired: Weights in grams to the nearest 0,0001 gram;
time in minutes to the nearest 0, 01 minute

a, Weight of container 1 for standard
b. Weight of container 1 plus standard '
c. Weight of container 3 for comparison standard .

d. Weight of container 3 plus comparison standard

#See Dixon, W, J., and F. J. Massey. Introcduction :oVSta.tiatical
Analysis, Chapter 6, New York: McGraw Hill.
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e, Weight of container 2 for sample

f. Weight of container 2 plus sample

g. Oxygen content of standard

h. Diameter of sample in centimeters to nearest 0,1 cm

i. Volume of sample in cubic centimeters to nearest 0,1 c;m3
j. Number of counts for standard

k. Number of counts for unknown sample

-1. Time of irradiation for sample and standard

m. Time of background count

5,10,5 Data Reduction and Presentation

a, Calculate the ratio of counts in the two counters. Use the
formula:

(17)

where RC = the ratio of counts in the two counters

C
u

C
L]

the number of counts for the unknown (sample counter)

Tre number of counts for the standard (standard counter)

b. Calculate the couating efficiency of the counter in which the
standard is counted relative to that in which the unknown sample is
counted. For samples of the same composition and nearly the same
weights (para 5.10. 3g(1)), use the formula:

w
c

e ° W XR
£

K (18)

C

where Rg = the counting efficiency of the counter in which the standard
ie counted relatrive to that in which the unknown sample is
counted

62
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3

weight of comparison standard in sample counter

SR R

]

£
H

o
n

weight of standard in standard counter

ratio of counts in the two counters, as in equation 17

¢, Calculate the correction for self-shielding cof neutrons by the
sample. Use the formula: '

where SS corr =
S =
( S)u
(SS)S =

F =
88

d. Calculate

SS corr = 1 +((SS)u - (SS)S) x Fss (19)

the correction for self-shielding of neutrons by
the sample

the self-shielding factor for the unknown sample
(See para d, below.)

the self-shielding factor for the standard
(See para d, below.)

ar empirical factor, Use the value 0.023.
{To determine Fss experimentally, run a series

of standards against each other, Calculate the
value of Fss which gives the best fit between

known and experimentally calculated oxygen content.)

(SS)3 «nd (SS)u. Use the formula:

S§ = DX ET (20)

where S8 = the self-shielding factor (unitless)
D = the diameter of the sample in centimeters
ZT = the macroscopic total cross section for l4-Mev neutrons
in cm”
63
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e. Calculate Z,. Use the formula:

R Wi
ZT = -\}-? (14 Mev)i VTR NA (21)
E where ZT = t".l‘:.e ma_.croscopic total cross section for 14-Mev neutreons
) in cm
; V = the volume of the sample
Wi = the weight of elernent i in grams

Mi = the atomic weight ¢f element i in grams per mole
GT
(14 Mev)i = the microscopic total cross section for 14-Mewv neutrons
in cm

NA

23
6.02 X 10~ atoms per mole

f. Calculate the correcticn for self-abscrption of emitted gamma
rays in the sample. Use the formula.:

(SA) corr = (SA)s/(SA)u (22)

where (SA) the self-absorption factor for the standard
1 8 (See para g, below.)

i

(SA)u the self-absorption factor for the unknown sample

(See para g, below.)

g. Calculate (SA)S and {SA)u. Use the formula:

— w
SA = exp(- ul'-v—a) = 1« ﬁ‘lv d (23)

where SA = the self-absorption factor

exp

base of natural logarithms (2.71828, . .)

1 = the average absorption coefficient for 6- to 7-Mev
gamma rays in square centimeters per gram. (Use
0.03 cm®/gm for samples containing only elements
with atomic nurnbers less than 53, Use 0,04 cm™/gm
for samples containing elements with atornic numbers
greater than or equal to 53.)
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W = the weight of the sample
V = the volume of the sample

d = the average path length of gamma rays (Used = 0,E55D,
where D is the diameter of the sample,)

h. Calculate the oxygen content of the sample, Use the formula;

w
O = R X R X ~—2x (SS corr) X SA corr X 100 (24)
X c e w
' u
where Ox = percent oxygen content by weight
Rc = the ratio of counts in the counters (equation 17,
para 5, 10, 52)
Re = the relative counting efficiency of the counters
{equation 18) '
Wo = the weight in grams of oxygen in the standard (oxygen
8 content of standard X weight standard)
Wu = the weight of the unknown sample
SS corr = the self-shielding correction {equation 19)

SA corr = the self-absorption correction (equation 22)




5.11

Determination of Nitrobenzene

in Antlire bv Polarogranhyv

”

5.11.1

Objective:

-

Te determine the nitr

to establish its purity

11,2

ey
-

.11.3

a. Scope. This procedure allows for the determination

5 Standards:
0.2 percent by weight.

N

Nitrobenzene

Method

cbenzene content

11 December 1372
of aniline

content in aniline should be less than

nitrobenzerne in aniline in concentrations from 0.5 percent to less
than 0. 00 17%.

b.

—~ — o~ -
[ee] -1 o~ (91
—— S —~— ~—

—
0O
~

(19)

Equipment Reguired

Polarograpn

Single-pan analytical balance, 0-200 gm
Triple-distilled mercury

Gas \va§hing bottle

Oxygen-iree nitrogen

Clacial acetic acid, reagent grace

Double ~-distillie

R
b7
™
-t
w
151

Nitrobenzene, reagent grade

Tour weighing bottles, 30 mmx 50 mm
“eolumetric pipets, 3, 10, 15 mil
Microsyringe, 5-10 microliter capacits

- . . .

0 B Y - et

S0y stand, ring, es? taioe
0D

R

R e e NI o s T T

and dropping mercury electrode assembly

= 0.1 mg
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c. reparation for Test

(1) Supporting Electrolvte. Pipet 250 mil glacial acetic 2
into a 500-ml volumerric flask., Dilute to the mark with doubl
distilled water. Mix well by shaking and inver:ing.

(‘b 0

‘

(2) Working Solutions. Weigh four 30 mm X 50 mm weighi
bottles with stoppers in place. Record weight; then pipet 10 ml cf
aniline {fuel sample) intc each. Reweigh to determine the weight of

aniline (fuel sample) added. With 2 microsyringe, acd abcut
5 microliters of reagent grade nitrobenzene to the first tottle, abcu
10 microliters to the second bottle, and about 13
third bottle. Mix by gently swirling and reweigh to determine the
£

1
g

45
weight of nitrobenzene added. Determine percentage of nitrobenzerne
added to fuel samples. Use equation 25. Acdd nothing to the icurih
bottle,

n.

d. Conduct of Test

(1) Set up apparatus as shown in Figure 8. Adjust mercury
drop time to 3 seconds.

{2) Turn on power switch on the polar ograph and allow instru-
ment {0 warm up for at least 15 minutes.

{3) Drain the sam rvle compartment of the E-cell and rizse with
double -distilled water. Wipe the compart

ment dry w Lt“a clean,

lint-free tissue and pipet in 15 ml of 50 percent acetic acid and

by

ml of sclution to be analyzed. 3Bubble nitrogen through the scluticn

about 15 minutes to deaerate; then turn nitrogen oI,

o]

)H (U} ]

NOTE: DURING DEAERATION, TUXZ k- M3
SHCULD BE IN PLACE ON - THE ELECTROLYSIS CELL AND
MERCURY SHOULD BE FLOWING.

(¢) Turz "'voltage range’ switch on nolarogrash to "0 to -2 ~:zits

Turn cell™ switch to "Rg;' turn current sensinwiiv’ knedb i
"0.2" or 0. 3.7

(5) Standardize the instrument., Turn "oreraticn’ kznob t2
chart release.’ Turn center 'standardizaticn’” knob to the current
side and adjust the “'current’ knob until the sen movement just ceases.

(o
~1

S SO - v - .
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Turn center '"standardization' knob to the voltage side and adjust the
Uveoltage' knop until the men movement just ceases,

The instrument
is now standardized.

1

(6) Determine the proper setting of the current sensitivity knob.
Turn "operation' knob on the polarograph to ''chart release.' "Turn
“eell” switch to ''norinal polarity.' Turn 'R. C. damping'' knob off.
Turn "voltage applied' knob to "O. " Turn '"current sensitivity' knob
to 0.2 or 0.3. Adjust the pen to zero on the chart, Use upper and
lower displacement knobs as required. Turn 'voltage applied' knob
to "50%, " and adjust the ‘‘current sensitivity' knnsb until a deflection
of about 200 mum is obtained on the chart.

(7) Recheck standardization., Turn '‘cell' switch to "

Rg'" and
repect operation (6 above.

(8) Turn "cell" switch to "normal peclarity” and "voltage applied"
switch to "O. " Il pen dces not go to the zero line on the chart,
the upper "displacement' knob until it dees.
switch to "0

______
Turn 'voltage drive"
1007 aad "cperation' knob to "record,' Record
until the "voltage applied” knob has rotates to '"S0%. ' Then turn
"operation' kncb te "standby. " i

(9) Repeat steps (3) threagh (8) above with all four solutions.

(10} When the last solution has been analyzed, turn "power! switch

"oif;" rinse sample compartment of the H-cell with double -distilled
water Rinse - R

Pabat T o auw H
A ueak e MLl t Y VY

. ith deuble~distilled water and place in
capillary storage tube.

Tl sample cornpartmnent with double -distilied
water and stoprer,

5.11.4 Data Reouired
a. Pularogr a.x.n.a
b. Current sensitivity setting
c. Weights in gramg to nearest 0.0001 gm
d. Weight of weighixg bottle (tare 1)

e, Weight o/ tare 1 plus aniline

69
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f. Weight of tare 1 plus aniline plus 5 microliters nitrobenzene

Weight of weighing bottle (tare 2)

el

h. Weight of tare 2 plus aniline

—
4

Weight of tare 2 plus aniline plus 10 microliters nitrobenzene
j. Weight of weighing bottle {tare 3)

k. Weight of tare 3 plus aniline

1. Weight of tare 3 plus aniline plus 15 microliters nitrobenzene
m. Weight of weighing bottle (tare 4)

n. Weight of tare 4 plus aniline

5.11.5 Data Reduction and Presentation

a. Determination of Percent Nitrobenzene added

(1) Subtract tare weight from tare weight plus aniline plus
nitrobenzene additiorn for each standard.

(2) Subtract the tare weight plus aniline from tare weight plus
aniline plus nitrobenzene additicn for each standard.

(3) Use the formula:

WT NB .
WT AN + NB

[N
n
—

100 {

T NBA

where % NBA percent by weight of nitrobenzene added

NB nitrobenzene

AN = aniline

i

ta o §

HERD Ry LR

i ST
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b. Determination of Nitrobenzene in Aniline Sample

(1) Calculate diffusion current (id). Use the formula;

E
1
] id = h X CS (26)
where id = diffusion current in rnicrocamperes :
‘ . v - . - :
£ h = height of polarographic wave in millimeters :
I
3
] 4 ‘
CS = current sensitivity setting (mmicroamperes per millimeter) H ;
;g
% (2) Calculate the diffusion current (id) for each of the four f’;
: solutions. Then substitute in the formnla; ;
g % NBA + X X -
LUEE, SO 24
ids idx et }
where % NEA = the percent nitrobenzene added to standard i
(equation 15) i
' X = the percent nitrobenzene present in sample before )
' additions
ids = the diffusion current of the standard ’
idx = the diffusion current of the sample with no additions
Solve equation 27 for each of the three unknowns and taikke the average i
as the percent nitrobenzene Wi the sample. See sample calculation ¢
i below,
c. SJample Calculation

(1} The following is an example of a typical analysis uging the
procedure in 3,11, 3d,

(2) A sample solution known to contain approximately 0,002 to
0.003 percent nitrobenzene was analyzed. The solution was prepared
frum redistilled reagent-grade aniline and reagent-grade nitrobeczene,
The rzupporting electrolyte was prepared from reagent-grade glacial
acetic acid and dionized distilled water. :

. .
LT N Pt BRI L VI SECL Lt
— S——
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(3) The results of the experirnent are shown in Table 5. The
polarograph obtained is shown in Figure 9. The data showed the sample
solution to be 0.00210 = 0, 0003 percent nitrobenzene.

RESULTS OF EXPERIMENT — SAMPLE CALCULATION

11 December 1975

Weight of sample
(grams)

Weight nitrobenzene added
{grams)

Percent added
nitrobenzene

id (microamperes)
Percent nitrobenzene

in sample aa calculated
from solution analyzed

'

Solution Number

23 38 57 Sampole
10. 1728 10. 1627 10, 1743 --
0.0042  0.009&  0.0144 --
0.04129 G.09643 0. 1415 --

10.8900 24.37S0 36,6000 0.5280

0.00210 0.00214 0.00207
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Fig. 9. Polarogram Solution Number 33; Current Sensitivity:
0.060 Microamperes per Millimeter
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5.12 Determination of Conper ir
Water by Atomic Absorption
Spectroscopyv

5.12.1 Objective: To determine the copper content of water samnples.
Water used for environmental tests on unprotected aluminum surfaces
must be low in copper because copper jons corrode aluminum by
galvanic action.

5.12,2 Standards: The copper content should be less than 600 parts
per billion (pph).

5.12.3 Method

a. Scope., This method may be used to determine copper in the
range of 20 to 300 ppb. The chelation and extracticn employed in the ;
procedure allow for the determination of Lead, zinc, cadmium, and v
nickel on the same sample in the ppb range. ;

b. Eguipment Required.

(1) Double-beam, grating atormnic absorption spectrophctometer

(2) Sensibly monochromatic copper hollow cathode lamp source
(3) PH meter accurate tc = Q.1 ph unit
(4) Separatory funnels, 500-ml
Class A 1000-ml, 100-ml, ard 25-ml volumetric pipets
Class A 25-, 10-, 5-, and 2-ml volumetric pipets
Class A l-ml serological pipets

Analytical balznce, 0-200 gms % 0,1 mg sensitivity

(9) Double-distilled water., Use to prepare all reagents, standards,
and as dilution water,

¢, Preparation of Glassware. Rinse all glassware in 50 percent
(V/V)HNOB. followed by rinsing in distiiled water,
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d. Preparation of Reagents,

(1) Armmonivm pyrrolidine dithiocarbamate (APDC) reagent, ACS
grade, Dissolve 1.0 gram of APDC in 100 ml of distilled water,

{2} Methyl iso-butyl ketone (MIBEK), ACS grade., Wash one volume

of MIEK with 5 volumes of | percent (V/V) HCl. Remove excess acid

by washing with distilled water, Perform these operations in 2 500-ml
separatory funnel,

(3) Prepare a stock standard of 1000 ppm Cu by dissolving 1,G000
grams of ACSE grade copper in a min.of ENQ;. Quantitatively transfer
to a2 1-liter velumetric flask and dilute to volume,

(4) Prepare z S.ppm Cu standard by 0. 50 ml of the stock standard
1o 100 cc in a2 volumetric flask.

1 ~

- LR Lo~ - - o~ - ~ . T o4 A 4 . - e - L - =
Dy Qiiating Y. 9, L.V, L,Y, 2.V, 4nd %, U Iil, Senpbeclively, Ul e J-ppiil
standard in separate volumetric flasks,

(5) Prepare worhking stancards of 25, 50, 100, 1350, and 200 ppb Cu

(6) Acidify 10C cc of sample(s) and working standards to a2 pH of
3.0, with dilute HCl., This allows for the chelation and extraction of
copper, lead, zinc, cadmium, and nickel on the same sample.

(7) Transfer the acidified sample(s) to a separatory funnel. Add
5 cc of APDC reagent and 10 cc of MIBX. Shake manually for 2 minutes,
allow the layers to separate, remove the MIBX layer and save icr
analysis.

(8) Pericrm the operation in step 7 for each standard,

(9) The sensitivity may be increases by using larger sampie velumes
and/or smealler MIBK washings. The stzndards should be the same
volume as the sample, to eliminate correction factors.

e, Conduct of Test. ’

(1) Warm up the instrument and set the operating parameters for
the analysis.

(2) Aspirate the 5 ppm Cu standard and optimize all operating
parameters for maximum absorption.

(3) Aspirate clean MIBK and null the instrument

i
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(4) Aspirate the sample(s) and record the percent absorption
(5) Repeat step 4 for the standards. The analysis should be con-
ducted in triplicate, 2t a minimum, and the percent absorption averaged

for each sample and standard.

5,12.4 Data Required

a. Average the percent absorption {or standards and sample(s).
b, Convert the percent abserption to absorbance,

5.12.5 Data Reduction and Presentation

a, Piot the absorbance of the standards versus concentration of
the standards on Cartesian coordinate paper. This is the working curve.

b. Read the concentration of the .ample(s;) irom the working curve.

e R
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5.13 Determination of Triethylamine
in Furfuryl Alcohol by Gas
Chrornatogravphv

5.13.1 Objective: To determine the percent by weight of triethylamine
in furfuryl alcohol. Deterioration of furfuryl alcohol due to auto-
oxidation is indicated by the development of color, acidity, and

£ increased moisture content, which may be ishibited by the addition of
triethylamine {TEA) or other basic material.

i 5,13.2 Standards: Paragraph 3,3 of MIL-P-45702C (USAF) states that
. 0.2 £0,05 percent TEA shall be added to each accepted lot of furfuryl
alcohol; however, no applicable test method is given.

5.13.3 Method

a. Scope. This method is applicable to furfuryl alcohol containing
0.2 £0.05 TEA by weight,

e e e e S e e

b. Equipment Required.

(1) Dual-column gas chromatograph with thermal conductivit
detector (TCD)

(2) Flint glass weighing bottles
{3) Syringes, ten microliter
(4) Spectographic grade TEA

(5) Analytical balance, 0.1 mg accuracy, = 0.05 mg seasitivity

= e et e St g P+ AP AS, Sa O H E PR o Sy 4

(0) Helium as carrier gas for the gas chromatography (GC)
determination

(7} Six-foot coiied colurnn of 15 percent s.licone o0il DC-200 on
80-100 rnesh Chromasorbd W {two¢ each)

(8) Recorder for GC, 0-5 MV span
(9) Class A 3,0 ml volumetric pipets
c. FPreparation of Standards.

(1) Pipet 3.0 ral of the furfuryl alcohol sample to three tared
weighing bottles.

i —— e —— ot ot o L
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{2) Weigh to the nearest 0,000l gm

(3) Add 10, 20, and 30 microliters of TEA, respectively, to three
weighing bottles and mic well.

(4) Weigh to the nearest 0,0001 gm.

(5) Determine the percent by weight TEA added from the formula
below:

Wt TEA added
- = X 2
%o TEA added = T o0 Wt sampte 100 (28)

e

d, Operaticn of Equipment.
-(1) Ensure that the carrier gas is flowing to the detector.

(2) Set the following operating parameters: ]

Column Temperature 120°C
Injector Temperature 155°C
Detector Temperature 200°C
Detector Curront 250 ma 3 )

Helium flow 29 ¢cc/min

{3) The above parameters may he varied to enhance the analysis
with the particular GC used.

{4) Allow the GC to stabilize,

e, Conduct of Test.

(1) Condition the columns by injecting 10 microliters of one
standard. ‘

(2) Allow for complete sample elution.

(3) Start the recorder.

(4) Trace a noise-free baseline for about 3 minutes,

(5) Withdraw. 4.0 microliters of the sample, wipe oif any excess
sample from the neecle, and quickly inject inlo the column port,

s B 6 s i el T L M S i A R T N s ORI T L p:
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(6) The TEA emerges with a RT of about 1.6 minutes,

(7} When the furfuryl alcohol emerges, tura off the recorder and

allow the sample to elute completely. This usually takes about 20
minutes,

{8) Repeat the above sequence for the standards.

(3) New columns may have to be conditioned to obtain gocd
resclution.

5.13.4 Data Required: Measure the peak heights obtained for the
sample and standards,

5.13.5 Data Reduction and Presentation

a. Subtract the peak height of the sample from the standards. This
is necessary because the standards were prepared by standard addition.

b, Construct a working curve by plotting peak height versus
concentration.

¢. Determine the value of the sample from the working curve.
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5.14 Determinaticn of Chromium and
Nickel in Stainless Steels by
X-ray Spectroscopy

5.i14.1 Objective: To determine the chromium and nickel content of
stainless steels. The amount of chromium and nickel alloyed with iron
imparts corrosion resistance to the metal and serves as a means of
distinguishing the threze major classes of stainless steels.

5,14, 2 Standards: Certified NBS spectrographic stainless steel standard
discs 1—;I inch in diameter and % inch thick. These standards should
bracket the range of the suspected sample composition, The standards
selected should match the composition of the sample as closely as possi-
ble, to minirnize error due to matrix effects.

5.14,3 Method

a. Scopne. This method mavy be used to anaiyze the chromium and
nickel content in the three major classes of stainless steels (martensitic,
ferritic, austenitic).

b. Eguipment Reguired.

(1) X-Ray fluorescence unit with lithium fluorid= analyzing crystal,
scintillation detector, and data control panel capable of fixed time/lixed
count operation.

@
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sampile.

(3) Samnple holders {or specimen and standards.
c. Ceonduct of Test,

(1) Allow the instrument to warm up. Refer to the instruction
manual as necessary.

(2) Place the sample and standards in their holders.

{3) Insert the specimens and samples into the X-ray flucrescence
unit.

{4) Apply X-rays to the unit, A setting of 35 kv, 20 ma is suggested
for a tungsten target,
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(5) Determine the attenuation factor by scanning the two-theta
angle from 72° to 67° for chromium and 50° to 46° for nickel. Perform
this operation with the standards that contain the largest arnounts of

chromium and nickel.

(6) After determining the proper attenuation setting, scan the

standards and samples to determine the two-theta angle of maximum
The rickel value should be 48, 7° and the chromiurmn

flucrescence.
(These values correspond to lst order KALl, 2 excitation, )

value 59, 3°,

(7) Set *he dz.. control panel for fixed time/continuous count, A
fixed count of 17" seconds is suggested.

5.14.4 Data Reqguired

~a, Obtain the total count (pulses) registered in 100 seconds for
ecach specimen and wtandard.

b, Obtain the total counis per second (CPFSI) for each specimen and

standard.

5.14.5 Data Reduction and Fresentation

a. Plot cps versus concentration of chromium on Cartesian
coordinate graph paper, This is the working ¢urve,

b, Read the concentration of chromium in the sample(s) {rom the
curve hy drawing a straight line from the cps of the sample(s)

to the concensration of chromium.

c. Repeat steps a and b for nickel.

81
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TOP §5-2-58%5 1l December 1975
5.15 Determinaticn of Furfaral in
, Furfuryl Alcohol by
: Infrared Spectroscooy
: 5.15.1 Cbjectivs: To determine the furfural content of furfuryl 3
aleohol. Fariuwryl alennol is manufactured from furfural at %%‘
elevated pressure and temperatare; residual furfural is always 3
present. g«:
5.15.2 Standards: MIL-P-45702B utilizes a bisulfite-iodine 3
titrimetric method {0 deterrnine the furfural content; this TCP i
utilizes an infrared (IR) method to determine furfural in the concentra-
tion range necessary to satisfy MIL.P-45702B. 3
| :
5,15.3 Method :
a. Scops. This method determines the rurfural content of i
. . ' ¥
furfuryl alechol in the range up to 1.0 percent by weight, :
b. Equipment Required
(11 IR Spectrophotometer, double bearn, covering the fundamental :
region and operating in linear transmittance versus linear wave- 3
puamber § 1
{
(2) Sealed-demountable IR liguid cell of 0,025-0.040 mm 4
thickness '
3
(3) Analyrical balance, % 0.05 mg seunsitivity, 0.1 mg accuracy '
i 4y : ¥
. (4) Glass syringe, 5 il
i !
, (5} Furfural, 98+ percent purity

(6) Flint gluss weighing bottles

(7} Pipetw, Clzss A, 0.! ml, with 0,01 ml graduarion, and
15, 0-ma) volumetric pipet

c. Preparation of Standards

(1) Pipet 15.0 ml of the furfuryl alcohol iazxmplc into three tared
weighing bottles

1R} g - ry
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(2) Weigh to the nearest €. 0001 gm,

(3) Add 0.02, 0.04, anl 0.08 ml of furfural, respectively, to
the weighing bottles. '

{4) Mix well, and weigh to the nearest 0,0001 gra.
{5) Calculate the percent by weight furfural added as follows:

Wt of Furfural Added

% by Wt Furfural Added =
fo BY ¢ Total Wt of Sampie

X 109 {29)
d. Conduct of Test

(1) Use a 5-ml glass syrings to transfer the sample to a sealed-
demountable IR liguid cell.

() Comgletely till the IR cell and cap the exit norr.

(3) Record the IR spectrumn from 5.0 to 6.5 microns (2000-1500
wavenvmbers)

(4) Remove the cxcess sample wich the syriage,

(5) Repeat steps 1, 2, 3, and 4 for each standard. Flush
sufficient standard through the cell before recording the spectrum.

5.15.4 Data Reauired

a. JR spectrum scan fcr sample and standards

b. Absorbance for samgple and standards

(81}

.15.5 Data Redgqtion and Fresentation

a. Maximum absorpticn cccurs at about 1080 wavenumbers, due
to the carbonyl group on furfural,

b. Draw a straight line joining the absorption minimum on each
gide of the absorption maximum.

¢, Draw a straight line frorm the absorption maximum to the line

____joining the absorpcion minimumn., Calculate the absorbance from the
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following equation:

max
A = logip _——Tmin-

log to the base 10

where: log,,
Tinax = maximum percent transmittance

Trhin = minimum percent transmittance

d. Determine the absorbance for each standard and sample.
e. Subtract the A of the sample from each standard,

“.f. Plot the A of the standards versus the concentration of
furfural added to each standard. This is the working curve.

g. Frorm the working curve and the aksorbance of the sample,
obtain the concentration of furfural in the sample.
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5.16 Determination of Silicon in 2 High-Iron
Matrix Using X-rav Soectroscooy and
Pulse Height Analvsis

5.16.1 Obiective: To determine the silicon content in steels. The <th
order iron K beta and scattered background radiation interfere with the
determination of silicon in steel samples. Pulse height analysis {PHEA)
allows the determination of silicon in an iron matrix by discriminating
against the 4th order iron pulses ard producing 2 concomitant increas
in signal-to-noise ratio of the silicon intensity.

1]

.16.2 Standards: The standards employed in this determination were
NBS stainless and tool steel sambnles, l—é inch in diameter, + inch
thick, with an iron content from 350.7 to 85.3%. The silicon content

of the standards should bracket the suspected sample ccacentration.

Ut

3

a. Scope. This method may be used to analyze silicon in the ranze
of 0.3 to 1.2% by weight in steel samples, with a relative.

b. Eguipment Required

(1) X-ray fluorescent unit with goniometer, pentzerytaritcl
detector, and data control panel capable of PHA and fixed-time/
iixed-count operation

(2) P-10 gas (a2 mixture of 10% methane in argon)

(3) Silicon waier standard

{¢) Vacuum pump, motor driven

(3) NBS stainless steel and tcol steel stancarcs

¢, Conduct of Test

(1) Energize x-ray control panei.

12} Place the silicon waler standard, sample(s), and standards
cimen aoiders.

o
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(4) Position the silicon wafer to receive the incident x-radiaticn,

(3) Evacuate the sample chamber and then close the bleeder ~zlwve
to the sample chamber.

(6) Apply x-rays to the tube target.

(7) Adjust the proportional gas (P-10) to 2 flow rate of 0.5 cubic
feet per minute. '

(8) Manually set the goniometer at 109°.

(9) Adjust the high voltage to the detector such that a maximoumn

pulse rate is obtained for the lowest applied voltage; that is, prccuce
a maximum gas amplification without reaching the discharge regizn.

-(10) Scan the region from 106° to 111° and note the angle o ezk
silicon radiation.

(11) Set the goniometer to the angle determined from step !
repeat step 9. Lock the goniometer at this angle.

(12) Conduct a PHA scan on the silicon wafer to obtain a pulse
distribution. The PEA scan is obtained by varying the baseline ‘lower
discriminator level) and window (pulse amplitudes greater than xe
baseline) voltages such that of all pulses reaching the analyzer izout,
only those pulses due to silicon are registered.

(13) Set the baseline and window voltages obtained in step . I.

(14) Using PHA, scan the samples and standards Irom 1027 ¢

T B

(15) Lock the gonicmeter in tlace at the angle of peak silicen
radiation. '

{1%) Set the control panel for fixed time/continuous count = e

arc a fixed Hme of 200 seconds.

1
fu
0
o2

7) CObtain triplicate readings in counts per secend {(cpsi cr
/
-3

(1
sample/standard.

o
[ 53
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(18) Repeat steps 16 and 17 with a gonicmeter setting cutside the
distribution angle of silicon pulses. This value is obtained from step
14 and constitutes background (ncise).

5.16.4 Data Required. Obtain the cps for each specimen and the back-
ground cps for each specimen.

5.16.5 Data Reduction and Presentation }
a. Subtract the background ¢ps irom the silicon ¢ps.

b. Obtain a working curve by plotting on Cartesian coordinate
graph paper the ¢ps of silicon versus concentration. |

¢. Read the concentration of silicon in the unknown from the
working curve,

ol

6. DATA REDUCTION AND PRESENTATION. Because of the large
th s

is test operations nrocedure, the data

nurmhber of tegts contained in

nvmeoe LA L i A 4 -

reduction and presentation secticn has been incorporated into the
individual tests for clarity and ease of handling by the user

et RS

T
e

Recommended changes to this publication should be forwarded to

] Commander, US Army Test and Evaluation Comwmand, ATTN: DRSTE-

; ME, Aberdeen Proving Ground, Maryland 21005, Technical informa-
tion may be obtained from the preparing activity: Cornmander, US Army
White Sands Missile Range, ATTN: STEWS-TE-P, White Sands Missile
Range, New Mexico 88002. Additional copies are availakle from the
Defense Documentation Center, Cameron Station, Alexandria, Virginia
22314. This document is identified by the accession number (AD No.)
printed on the first page. .
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DETERMINATION OF DIOCTAL ADIPATE IN SOLID PROPELLANT,

WORKSHEET

Sample Number DATE __ INITIALS _
(1) Synmthetic propellant:
Tare 1 + VDOA ' gm
Tare 1 . gm

DoA g To
Tare 1 + DOA + NH4(3104 gm
Tare 1 + DOA o gm

. o

NH4C4104 gm %o
Tare . v+ DOA + NHA: ClO4 + KBr g
Tare 1| + DOA + NH46104 gm

KBr gm Ta

(2) Reference propzllant mixture:

Tare 2 + synthetic p- pellrnt gm
Tar: gm
Synthetic propellant gm

favs

Tare Z + synthetic propellant + KBr + Na.\TB gm
Tare 2 gm
Referenc: propeilant mixture gm

(3) Weight percent DOA in reference propellant mixture:

Wt Synthetic Propellant (gm) X Ratio
_DOA 1n Synthetic Propellant X 100
Nt Ref Propellant Mixture (gm)

Wt % DOA

Wt % DO, =

(4¢) Propellant mixtare;

Tare 3 ~ propellant gm
Tare 3 _gm
Propellant gin

e




Tare 3 + propellant -+ KXBr + NaN3 gm
Tare 3 _gm
Propellant + KBr + Na.N3 gm
(3) Absorption data:
A(DOA)/A(NaN,)

Propellant mixture pellet
Reference propellant mixture pellet

(6) Weight percent DOA in propellant mixture:

Ratio DOA in Ref Pronellant _ Wt % DOA in Propellant Mixture
Absorbance Ref Propellant Mixture = Absorbance Propellant Mixture
Wt % of DOA in Fropellant Mixture = 4

{(7) Weight percent DOA in propellant:

Ratio DOA in Propellant Mixture x
Weieht Propellant Mixture X 100 ] 1
Wt Propellant

Wt % DOA in Propellant =

Wt % DOA in Propellant = i
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US ARMY TEST AND EVALUATION COMMAND

T Aberdeen Proving Ground, Maryland 21005-5055
T0P 5-2-585 20 September 1985
AD A047970
Change 2
. CHEMICAL TESTS: PROPELLANTS, GASES, AND METALS
, TOP 5-2-585, 11 December 1975, is changed as follows:
‘ 1. Remove pages and insert new pages as indicated below:
Remo'e pages Insert pages
1/2 1/2
91/9¢ 91/92
A-1/A-2 A-1/A-2
2. Add pages 93 through 96.
3. A vertical line in the left margin indicates the changed portions of the
revised pages.
- - 4, Attach this sheet to the front of the reference copy for informaticn.
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US ARMY TEST AND EVALUATION COMMAND
TEST OPERATIONS PROCEDURE

DERTITS , | SN

S y
59 .
" AMSTE-RP-702-104 20 September 1985
*Test Operations Procedure 5-Z-585, C2
AD No. A047970
CHEMICAL TES7S: PROPELLANTS, GASES, AND METALS
Page
i Paragraph 1. SCOPE 3
S 2. FACILITIES AND INSTRUMENTATION 3
i 3. PREPARATION FGR TEST 4
f% 3.1 Safety Doctrine 5
il 3.2 Administrative Data 7
ﬁ 4. TEST CONTROLS 7
- 4.1 General Procedure 7
4.2 Evaivation ¢f Test Results 8
‘m% 5. TEST PERFORMANCE 9
b 5.1 Analysis of Hydrogen Peroxide by the Ceric 9
Suifate Method
5.2 Determination of Tin in Hydrogen Peroxide by Atomic 14
Absorption Spectroscopy
5.3 Potentiometric Determination of HC1 in Rocket 19
Exhaust Gas
5.4 Determination of Dioctyl Adipaie in Soiid Propeiiant 25
Using Infrared Spectroscopy
5.5 Quantitative Analysis of Alloying Elements in Steel 31

Using Emission Spectroscopy

The use of trade names in this test operations procedure does not constitute
an official endorsement or approval of the use of such commercial hardware or
software. This test operations procedure may not be cited for purposes of
advertisement,

Approved for public release; distribution unlimited.

B ... *This TOP supersedes TOP 5-2-585, 15 February 1972
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5.12 Determination of Copper in Water by Atomic Absorption 74
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5.13 Determination of Triethylamine in Furfuryl Alcohol 77
by Gas Chromatography
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5.15 Determination of Furfural in Furfuryl Alcohol by 82
Infrared Spectroscopy
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X-ray Spectroscopy and Pulse Height Analysis
5.17 Determination of MMH or Hydrazine in A'r 88
5.18 Determination of HC1 in Rocket Exhaust Gas by 90
Specific Ion Electrode
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Appendix B, Data Collection Forms B-1




A E R ¥ v A

Rl el San, - ASFEEPEENN

AN Y

- n r ¥ & K

e

A TR

[~ SN o sy en, o)

LlEETY r r v o a

b

-

e
'g%"‘.'»-_ .
.)-:‘;ﬁ-

20 Septembar 1985 TOP 5-2-585, C2
c. Preparation for test

(1) Ionic Strength Adjustor (ISA). Prepare 5M NaNQ; by dissolving 42.5g
of reagent grade NaNO; in 100 ml distilled water.

(2) Prepare a series of standards with a 1000 ppm C1- stock solution,
The stock solution is prepared by weighing out 0.2103g KC1 and diluting to the
mark in a 100 mi volumetric flask with distilled water. Then prepare a 10 ppm
C1- solution by diluting 1 m! of 1000 ppm Ci- to 100 ml, Prepare standards of
2 ppm, 1 ppm, 0.5 ppm, 0.2 ppm, G.1 ppm, and O ppm (blank) Ci- by dilution,
each standard containing 2 ml of ISA and having a total volume of 100 ml.
Standards should be made fresh before each use.

(3) Prepare a rinse solution by diluting 20 ml of ISA to IL with
distilled water. This solution should also be used as the reference portion
of the H-cell.

(4) Prepare the scrubber by cleaning thorcughly, then adding 100 ml
distilled water. After sampling, the sslution should be piaced in a 100 ml
volumetric flask, 2 m! ISA added, and the flask filled to the mark with
distilied water. It is also advisable to run a background sample. Be sure
that the scrubber and pump assembly are well protected from damage or shock
during the firing.

(5) Prepare the H-cell by rinsing with double distilled water. Add lg of
agar to 25 ml of the ISA rinse solution and heat to near boiling. Fill a 5 mi
syringe with the fluid solution, Fix the H-cell in a horizontal position, and
using the syringe, fill the cross-bar with the agar solution. Cool completely
in this position before using.

d. Determination of HC1. Use the rinse solution (ISA) in the reference
side of the H-celi, and use the ISA solution to rinse the sample portion of
the cell in between each standard or sample. Measure each standard by the
single negative ion mode on the specific ion meter. Run the field samples and
background sample and vrecord the readings. If the readings drift or take a
long time to stabilize, polish the bottom of the Cl1- electrode with a
polishing strip.

5.18.4 Data Required

a. Concentration of standards

b. Reacings from specific ion meter of standards and samples
¢. rlow rate of limiting orifice

d., Sampling time

5.18.5 Analytical Plan

a. Plot a calibration curve of concentration versus meter reading for
each standard. Determine the concentration of the field and background
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samples from the curve. If the background 1s negligible, use the value
obtained from the field sample as the result, Otherwise, subtract the back-
ground from the field sample to obtain the final value in ppm. The curve will
Tevel off (and become nonlinear) at very low concentrations of Cl-.

b. Convert ppm to mg/M3. For a flow rate of 10 L/min, sampling time of 2
minutes,* and sample volume of 100 ml,

e x 228 1000 L/M3 x 0.1L
m X — .
P 35.45

2 min x 10 L/min

mg/M3 HC)

mg/M3 HCI

ppm C1= x 5,142

5.19 Determination of Offgassed Organic Vapors in Air

5.19.1 Objective: To identify and quantify the organic vapors that offgas
from the paints/primers used in military materiel (References 19, 20, 21?

5.19.2 Standards:

Desorption Sampling Time Weighted

Efficiency Rate Average (TWA)
Compound (percent) (cc/min) ppm
m-Xylene 95 5 200 100
o-Xylene 95 £ § 200 160
p-Xylene 95+ § 200 100
Toluene 92 t 5 200 200
2-Butanone 85t 5 200 200
4-Methy- 85t 5 200 100

2-Pentanone

Ethyl Benzene i00 200 100
Cyciohexane 100 200 300
1-Butano! 88 £ 5 200 100
n-Butyl Acetate 99 £ 5 200 150
Benzene 96 200 1

5.19.3 Method

a. Scope: This method involves the use of charcoal tubes to collect
solvent vapors in series with a portabiie personal pump followed by desorption
and analysis by gas chromatography. Some components of paint are toxic and/or
carcinogenic (Ref 23).

*This time is representative of the duration of an exhaust gas cloud.
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(*Sl%. b. Limitations:

(1) Solvents may be displaced by other solvents that are more strongly
adsorbed by the charcoal.

¢ (2) There is a saturation 1imit Tor each solvent and when this limit is
1f exceeded, the splvent is no longer adscrbed by the charcoal. This is called
"breakthrough,"

(3) High humidity decreases the adsorption efficiency of the charcoal.
N c. Equipment and reagents required:
(1) Laboratory fume hood.
(2) Glass charcoal tubes, ends sealed, 7 cm long, with a §-mm outside
diameter and 4-mm inside diameter, containing two sections of 20/40 mesh
activated charcoal separated by a 2-mm portion of urethane foam. The front

section contains 100 mg charcoal; the backup end contains 50 mg of charcoal.
(Ref 24)

O v RN
__ P SN S

(3) Calibrated, battery-operated personal sampling pumps capable of
sampling at rates from 0.1 to 1.0 L/min. (Ref 24)

(4) ACS-grade carbon disulfide. ]

ACS-grade reagonts of the compounds under investigation. |

. F‘_
—_—~
(8]
~

[=))

(

(7) Gas chromatograph (GC) with a flame ionization detector, an area
integrator system, and programmable oven temperature. |

) Glass-stoppered microtubes.

(8) 10-yuL syringes.

(9) 10-mL volumetric flasks.

(10) A 6-foot GC column of 10% carbowax 20 mesh terephthalic acid
derivative (Free Fatty Acid Phase) on 80/100 mesh chromasorb W that is AW-DMCS
treated.

(11} 1.0-mL pipettes graduated in 0.1l-mi increments,.

(12) 10.0-mL TD volumetric pipettes.

(13) Filtered compressed air,

(14) Grade A helium.

(15) Ultra-high-purity hydrogen (purity of 99.999 mole%).

e (16) Refrigerator.
;‘l{.h L
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5.19.4 Eﬁgcedures:

a. Detergent wash and thoroughly rinse all aglassware with tap water
followed by distilled water.

b. Snap the ends of the charcoai tubes and insert the smaller charcoal
end (50 mg) nearest the personal pump. The charcoal tube should be vertical
to prevent channeling of the charcoal.

c. Calibrate the flow rate of each personal pump with a charcoal tube in
place. Perform a system lea" test; no leakacge should be observed.

d. Remcve the charcoal tube used in paragraph ¢ and discard, Prepare the
personal pumps for sampling as in paragraph b.

e. Place the personal pumps in the areas to be sampled.

f. At the sampling area, open one charcoal tube and cap the charcoal tube
with the caps provided. Never use rubber caps. No air is drawn through this
tube, which serves as a blank. (Ref 24)

g. FEnergize the personal pumps and collect a sample volume of 3-6 liters,

h. Accurately measure the flow rate, duration of sample collection,
ambient temperature and barometric pressure,

i. At the conclusion of the sampling interval, cap the charcoal tubes
with the caps provided. Never use rubber caps. (Ref 24)

j. Label each charcoal tube, transfer to the laboratory, and refrigerate
overnight.

k. For each compourd under investigation, remove the 100 mg charcoal
portions from five unused charcoal tubes and place in separate microtubes.

1. Inject the TWA (time weighted average) - OSHA concentration, for each
compound undar dinvestigation, onto the charcoai, seal, and aiilow to stand
overnignt. (Ref 24)

m. Set aside a 100 mg charccal section as a blank in a microtube. Seal
and allow to stand overnight,

n. The following day, remove the refrigerated samples and transfer each
section of charcoal into separate microtubes. Seal and label each microtube.

0. Prepare calibratior standards, in 10.0 mL volumetric flasks, by adding
10.0 mL of carbon disulfide to produce standards equivalent to 0.5, 1.0, 2.0,
and 5,0 pl/mL for each compound analyzed.

p. In a hood, desorb all samples, blanks, and TWA-OSHA standards by

adding 1.0 mL of carbon disulfide to each microtube. Seal and shake occasion-
ally for 1 hour,

94
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RS . <.
o q. Using a glass stoppered microtube, prepare efficiency standards by
s injecting the TWA-OSHA volume into 1.0 mL of carbon disulfide for each com-
pound analyzed.
r. Set the following operating parameters for the GC:
Helium Flow Rate 30 cc/min
Hydrogen Flow Rate 30 cc/min
Air Flow Rate 400-450 cc/min
Oven Temp Initial Value 75°C
! Oven Temp Initial Time 5.0 min
‘ Oven Temp Program Rate 5.0°C/min
Oven Temp Final Value 150°C
Oven Temp Initial Time 15.0 min
Detector Temperature 220°C
W Injector Temperature 200°C
v Chart Speed 1.0 cm/min
y Attenuation 29
: % Offset 10
Threshold 4
! Peak Width 0.04
- These parameters were used with a Hewlett-Packard 5880 GC; the parameters may
i be varied to optimize results.
. ac;} s. Using the "solvent flush technique," inject 5 yL from each 100 mg
l 'Af5 charcoal sample into the GC. Run in triplicate. (Ref 24)
: t. Repeat paragraph s for each backup section (50 mg charcoal). If the
5 concentration is greater than 10% of the front section, suspect breakthrough.
N u. Repeat paragraph s for the calibration standards and desorption effi-
l ciency samples.
q
3 5.19.5 Data Required
: a. Temperature at which the samples were obtained,
! b. Barometric pressure at which the samples were obtained.
c. Sampling time.
- d. Flow rate,

e. The integrated areas for samples, blanks, and standards.
f. The volume of air sampled,
g. The retention times of the standards and samples.

h. The molecular weight and density of each compound analyzed.

C
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5.19.6 Data Reduction and Presentation

a. Subtract the appropriate blank areas from the samples, calibration
standards, and efficiency standards.

b. Plot solvent concentration (ulL/mL) versus peak integrated areas for
each calibration standard to obtain the calibration curve for each compound.

c¢. Determine the pyL of solvent desorbed from the calibratinn curve for
each compound.

d. Determine the ppm of solvent from the following equation:

{uL_solvent)(24450) (D)

ppm = (VW) (Vs)
where: Vs = Volume of air sampled (1iters) corrected to 25°C and 1 atm
D = density of compound {g/cc)
MW = molecular weight (g/mole)
24450 = Molar Volume ?cc/mo]e) at 25°C and 1 atm

e. Determine the desorption efficiency for each compound from the follow-
ing equation:

% efticiency = —2red of samnle ¥ 100
1CIency = 3rea of efficiency standard

f. Average the desorption efficiencies.

g. Determine the ppm for each compound by adding the ppm obtained from
each charcoal section.

h. Determine the true ppm for each compound by multiplying the total ppm
by 100 and dividing by the desorption efficiency.
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Recommended changes to this publication should be forwarded to Commander,
U.S. Army Test and Evaluation Command, ATTN: AMSTE-TC-M, Aberdeen -
Proving Ground, Maryland 21005-5055. Technical information may be A
obtained from the preparing activity: Commander, U.S. Army White Sands .
Missile Range, ATIN: STEWS-TE-P, White Sands Miss11e Range, New Mexico i
88002-5031. Additional copies are available from the Defense Technical o
Information Center, Cameron Station, Alexandria, Virginia 22304-6145.
This document is identified by the accession number (AD No.) printed on
the first page.

96




o

Aaioa,
*

T
[

E; LN

! "

B N
-

3

; ot
b A

L

>

20 September 1985 TOP 5-2-585, C2

10.
11.

i2.

[panad
(9%
M

14.
15.

16.

17.

18.

APPENDIX A. SELECTED BIBLIOGRAPHY

AMCR 385-100, “"Safety Manual"

TB MCD 242, “"Health Hazards from Propellant Fuels and Oxidizers"
MIL-A-10450C, “Military Specification, Aniline, Technical"
MIL.-P-457028, "Military Specification, Propellant, Furfuryl Alcchol"

G.H. Ayres, Quantitative Chemical Analysis, Second Edition (New York:
Harper & Row) :

F. D. Welcher, Standard Methods of Chemical Aralysis, Sixth Edition,
Volumes II and TII, 1962 (Princeton, New Jersey: D. Van Nostrand Co.,
Inc.)

Walter Slavin, Atomic Absorption Spectroscopy, (New York: Interscience
Publishers, Division of John Wiley & Sons)

Perkin-Elmer, Analytical Methods for Atomic Absorption Spectroscopy,
{Norwalk, Connecticut)

» Basic Gas Chromatography, (Walnut Creek,

H. M. McNair and E. J. Bon

o s
ornia: Varian Agrogr

elli
nh\
'Jlll

Journal of Chemical Physics, Volume 19, p. 535, 1951

R. H. Pierson, A. N. Fletcher, E. St. Clair Gantz, Catalog of Infrared
Spectra for Qualitative Analysis of Gases, (Washington, D.C.: Analytical
Chemistry)

Staff Judge Advocate, "Invention Disclosure, Cascabel Sampler," White
Sands Missile Rage, New Mexico, 17 May 1971

R. G. Salisbury. “Chaparral Exhaust Analysis," June 1965 (Newport Beach,
California: Aeronutronics, Philco Ford)

Texas Nuclear Corporation, "Manual for Neutron Generators"

Rober§ C. Kock, Activaiion Analysis Handbook, 1960 (New York: Academic
Press

0. Vd Anders and D. W. Briden, Analytical Chemistry, Vol 36, p. 287
(1964

Kaman, "Nuclear Manual for Dual Axis Rotator for 1l4-inch Transfer
System"

D. J. Hughes and R. B, Schwarz, "Brookhaven National Laboratory Report
325" (Washington, D. C.: U. S. Government Printing Office)

A-1




FIREN

KA
FRSRTR

R AN
A s

TOP 5-2-585, (2 20 September 1985

19.
20.
21.

22,

23.

24,

MIL-C-22750D, 14 May 82, "Coating, Epoxy-Polyamide"
MIL-C-46168B(ME), 12 May 82, "Coating, Aliphatic Polyurethane"

MIL-P-23377D, 11 Nov 82, "Prime Coatings: Epoxy-Polyanide, Chemical and
Solvent Resistant”

M. J, Houle, K. M., Brauner, S. K, Jewett, Methodology Investigation Final

Report, "“The Use of Solid Sorbent Tubes as Vapor Samplers,"” US Arm-

Dugway Proving Ground, September 1983

L. W. Phillips, "Literature Search on Toxic and Carcinogenic Components
of Paint," NIOSH Contract No, 210-76-0108, November 1976

Supelco, Inc., Bulletin 769, "Determination of Organic Vapors in the
Industrial Atmosphere," 1977

A-2

o bvg
e

TR
-




