AD-A158 982 HERN PARTICLE SIZE VARIATIONS DUE TO HERP SAMPLINGCU) i/1 .
AIR FORCE ROCKET PROPULSION LAB EDWARDS AFB CA
. R A WURZBACH ET AL. APR 85 AFRPL-TR-84-8537
UNCLASSIFIED F/G 12/1 NL




p = T TTETVYYY
N W UV I T VT o Tor PO
o v - ki - -

¢

2 R f2g
i 22
l-‘ 36 =

f w2
llie
I.4 "m )
MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS-1963.a

. . ) - ‘ -
- . Kl . ] . . ‘ ‘

. - : . -
.. -,~-'-- . et ‘;l U 3 . . SO
' ) - e T LT e e .

S . s ; Y . . ALAAY Y

AP TEPEER . WP R . SR I U 3

ot oaa s - R -




Final Report

i for the period
. October 1982 to

January 1985

April 1985

N
o0]
(o))
Ln
LD
F
T
Q
L~ §
>
O
O
o 1ol
b -
'E:::'.: bt
| J
- f."'.‘?.'.
’ [ o

AFRPL TR-84-097

AD: o

Mean Particle Size Variations
Due to Heap Sampling

Authors:

R. A. Wurzbach

L. J. Emanuel

Approved for Public Rolon‘

Disteibution unlimited. The AFRPL Technical Services Office has reviewed this report, and it is
releasable to the Nationa! Technical Information Service, where it will be available to the general
pubdlie, including foreign nationals.

Alr Force

Rocket Propulsion

Laboratory

Air Force Space Technology Center

Space Division, Air Force Systems Command
Edwards Air Force Base,
Calitornia 93523-5000

. .
........

LI PR AP V.U . ¥

WY

i

.

85 06 10 1290

s - .
A S .'\'-‘

[y
Ve T erTYYCc




............................

NOTICE

“"Wwhen U.S. Government drawings, specifications, or other data are used
for any purpose other than a definitely related government procurement
operation, the Government thereby incurs no responsibility ‘"nor any
obligation whatsoever, and the fact that the Government may have
formulated, furnished, or in any other way supplied the said drawings,
specification or other data, 1is not to be regarded by implication or
otherwise, or in any manner as licensing the holder or any other person
or corporation, or carrying any rights or permission to manufacture,
use, or sell any patented invention that may in any way be related
thereto."

This is a report of a research and development study that was conducted

under in-house Air Force Rocket Propulsion Laboratory Project Number
S73005RE. The project manager was Roy Wurzbach. This report covers .
work on Task 11 of this project conducted at the Physical Science
Laboratory, Air Force Rocket Propulsion Laboratory, Edwards Air Force

Base, California during October 1982-January 1983 time period. The
principle investigator of this task was Roy Wurzbach.

This technical report is approved for release and distribution in
accordance wWwith the aistribution statement on the cover and on the DD
Form 1473.

. Y A aman e

ROY A. WURZBACH OHN T. NAKAMURA
Project Manager Ch1ef Chemistry Branch

.
CLARK W. HAWK

Chief, Liquid Rocket Division

"f"r‘ L2 S an 2 oe tae
ot oot

>
[

pe———

v r v
R )

K .1
iy
o]
L 4

)
1

¥ F
e

u".

i

) Zme g0 g on A
‘ n‘ ‘l l’

D)
PRy

v

1
n
o

PP IS W SE IS I IPEIDE T ) S BTSN SN 2 SN SRS S U SRy W SRR P PP " 2 ‘--’;‘.‘LA-AL-;

v
*

Che 4




I BCE e M Ses S Ao g St o s A Aed e daen St fie sifverdis i des int e bf)n e LRSS ietia il i S e AR AL AL AL I S R

SFCURITY CL;_S_éIF:CATION OF THIS PAGE §
s | A
REPORT DOCUMENTATION PAGE 1
1a REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
UNCLASSIFIED i
28. SECURITY CLASSIFICATION AUTHORITY 3. OISTRIBUTION/AVAILABILITY OF REPORT 1
APPROVED FOR PUBLIC RELEASE; J
2b. DECLASSIEICATION/DOWNGRADING SCHEDULE DISTRIBUTION UNLIMITED .
- 1
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(T) 4
4
AFRPL-TR-8L4-097 +
6a. NAME OF PERFORMING ORGANIZATION b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION 4
(If applicable) 4
AFRPL LKLA :
6. ADDRESS (City, State and ZIP Code} 7b. ADDRESS (City, State and ZIP Code) .
AFRPL
CTOP 24/LXLA
EDWARDS AFB  CA  93523-5000 .
8s. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL |9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER .
ORGANIZATION (If applicable) ¥
p
8c ADDRESS (City, State ond ZIP Code) 10. SOURCE OF FUNDING NOS. 4
"
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO. NO.
- 4
62302F 5730 11 RE
11 TITLE rInciude Securtty Classification) '
AN PARTICLE CIZE VARTATIONS DUE
12. PERSONAL AUTHORI(S) N
Wurzbach, Roy A.; Emanuel, Lisa J. <
13a. TYPE OF REPORT 13b. TIME COVEREQ 14. DATE OF REPORT (Yr, Mo., Day) 151PAGE COUNT b
FLAL FROM 82/10 0 85/01 85/04 .
16 SUPPLEMENTARY NOTATION f
17 CNSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number) J
FIELD GROUP SUB. GR. PARTICLE SIZE MEASUREMENT GRINDING
21 08 SAMPLING TECHNIQUES ;
21 09 2 .
19 ABSTRACT (Continue on reverse if necessary and identify by block number/ -
Thiz study illustrates that the measured weight mediun diameter of HMX
cround by fluid energy mill (FEM) is influenced by the location in the heap
frorn. which the sample is withdrawn. Three samples were selected from the
- top, middle, and bottom of the FEM -~ollection heap. An analysis of variance
Jilustirated three distinet populations of HUMX with 995% confidence. All
sw.mples nad residuals wnhnich were normally distributed about zero, indicating
nn grocs systematic errors occurred. The weight median diameters oblained
“,r *he three samples from a single grind were 33.6, 30.0 and 36.5 microns
L" e otop, wmiitdle, =zand bottom samples, respectively.
".ﬂ .
'T- 20 ODISTRIBUTION/AVAILABILITY QF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION J
_~’- UNCLASSIFIED/UNLIMITED . SAME AS RPT 3 DTIC users [J UNCLASSIFIED "‘
228 NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE NUMBER 22c OFFICE SYMBOL N
A tinclude Area Code E
- o L Roy A. Wurzbach (805) 277-5414 AFRPL/LKLA .
. ———— {
e DD FORM 1473, 83 APR EDITION OF 1 JAN 73 1S OBSOLETE. J
i SECURITY CLASSIFICATION OF THIS PAGE

. . T S T T )
e T T e T
O e et
. NP JO
RIS, S oA S s

RIS




W W T T e Far et _aar aeut e ded T T T N N o W o e T W v -

SECURITY CLASSIFICATION OF THIS PAGE

11. TO Heap Sampling (U)

o, T

AN

MU VN .

o

Pl P S Bt Wt ST UG S . PRI P Y%

P SV 1 B By

»

oy

:
ii SECURITY CLASSIFICATION OF THIS PAGE .
. R R SR ’. e e e \‘: St ~,.:_.‘....‘_‘. Ca el Y ‘.:

PR - EERU St e - ey T T N R .
[ Dk ek ad tad PRSI VNS WA, WOR. WU AP WU VPO W SR L WO WP WL R WD W WY S SR R S NP |




MM Mt B ma S iy S MGR SMaden DAS S o iee ite A s nh vl i i ittt A~ i i A et e i it e St i S e Jin Jhan lebiciot it Uit it iase Sant e lhe Jhaftobin’ SR obelt diariohar aing t o

"
:J

'J

TABLE OF CONTENTS 2

Section Page

l.  Introduction | .':
]

2. Experimental Section 3 f
3. Results and Discussion 3 R
4. Conclusion 9 .
5. References 10 "J

Accession For

NTIS GRA&I g

DTIC TAB

Unannounced O
Justification . |

By
Disrtqibilti:n/

LA |

i

- 7]
. g

S,

ket gl

iii

¢
2
L[]

‘V
g
3
p.
g
[
£
F, 4
[’I
k
'u
p,
¥
.
b
y
.-
),
b,
>
,
L‘
,
Vi
)
L .
b-
-
3
L ’
-"l
L"
b




l [ gt sl el pest atint St i 020 Rl il i L Ma L e i A S e SV I ek ‘T Bt B e B et gt e A i M o A L g S GRS A A A AN
- o - Wy ST T

e 8 v ; O T
PAFLEL 1 RN
CE ' . . . .

I. INTRODUCTION

g The Air Force Rocket Propulsion Laboratory (AFRPL) is currently attempting to
::::'_: correlate Fluid Energy Mill (FEM) operational parameters with the weight median
)

{-‘_‘:j- diameters obtained for ground HMX. The purpose of this study is to determine

whether or not the location or sampling method has any effect upon the weight median

diameter (dm), The d, will be determined by the Hiac Royco particle size analyzer.

Two forms of sampling bias influence the variance in particle size distribution
analysis (PSD). These are facility (bulk) sampling and analytical sampling. In the first
instance, a sample approximately one to five grams is selected from a large quantity
(from pounds to tons) of the bulk material. This sample is assumed to be

representative of the entire lot. The ultimate goal of the PSD analysis is to predict

[N BUNRF Wl COpOr S e wre S 1 IR P G Wl S DY o8 ol WA B )

rheological or ballistic properties of the finished propellants. Thus, the final 10 to 50
milligrams of material selected in the analytical sampliing method must represent the

entire lot of bulk material for the PSD analysis to be meaningful.

5
2
]‘

There are no references in the propellant literature that describe representative
sampling methods of solid propellant powder ingredients (Ref. |). This is unfortunate
because sampling is an integral part of PSD analysis (Ref. 2). The FEM, depicted in
Figure |, can grind HMX to selected degrees of fineness. The ground material is
collected in a large stainless steel collector fitted with a cloth dust collector. After

the grinding operation, the contents from the dust collector are shaken loose into the

metal collector. 1t is unlikely that these airborne fines are of similar size to the

material that has accumulated in the metal collector during the grinding operation.
The propellant facility employs a grab sampling technique to select a sample for PSD
characterization. Grab sampling is the removal of a quantity of material from a heap,

usually from an undefined location, without regard to settling or demixing
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phenomena. Once a grab sample of HMX has been collected, it is sent to this

laboratory for PSD characterization. Presently we use a micro-grab sampling
technique on this sample. Micro-grab sampling consists of remO\)ing a small 10-50 mg 1
portion of the sample with a microspatula. This material is then characterized with -

the Hiac Royco, model PA-720, using a previously described technique (Ref. 3). p

2. EXPERIMENTAL SECTION

INSTRUMENMTATION: The Hiac Royco, model PA-720, was equipped with a CMH-
150 detector. Kerosene, which was thoroughly degassed, was used as a carrier fluid,
and Twitchell Base used as a surfactant. The dispersal procedure approximates the

procedure described by Oetjen for Ammonium Perchlorate (Ref. 4).

SAMPLING: A 5-gram sample was taken from each of three different locations in
the FEM collection heap. The first sample was removed from the top of the collection
heap. This sample represents the HMX produced during the last moments of grinding,
or that which was deposited after the grind when the dust collector was removed. A
second sample was taken from the midsection of the heap and the third one was taken

from the base of the heap. The samples will be referred to a Top, Middle, and Bottom.

Each sample was analyzed without further treatment. No attempt was made to
further mix the analytical samples. Ten replicate PSD determinations were performed

on each sample.

3. RESULTS AND DISCUSSION

The purpose of this study was to determine if the location from which an

analytical sample of HMX was removed from the FEM heap has any effect on the final

R - . .
R N TP R -
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PSD results. Figure 2 is a frequency plot of the weight median diameters obtained
which illustrates three different populations arising from the treatments.
Interestingly, the HMX selected from the middle of the heap has an extremely narrow
distribution. Williams has speculated that segregation by size can occur in a cross
section during the formation of a heap (Ref. 5). This may be the case in the pouring

stream of the FEM collector.

The null hypothesis for this experiment is: "The location from which the sample
was withdrawn has no effect upon the final PSD results." In this study, the actual
withdrawal of a sample will be considered a treatment. If we are to adequately test
the null hypothesis, we must test for the vuriances "between treatments" as well as
"within the treatments". The dm obtained for the replicate determinations are shown
in Table I. An analysis of variance was performed to test the treatment means (Ref.

6), and the results are given in Table 2. The mean square values for between

treatment means (5t+2) and within treatment means (5¢2) were 109.8 and 8.8,

¥ e

respectively. The between treatment estimate of variance is many times greater than N
the within treatment estimate of variance. This leads us to believe that the null ;
hypothesis is faise. There is likely a difference in the dm obtained because of sample ‘
withdrawal location. This observation was confirmed using the F test. The null ]

hypothesis can be rejected at the 5% significance level. A Bartlett's Test (Ref. 7) was

done to test the variances. The null hypothesis was: "The variance was the same

PSR W )

regardless of the sampling location." Again, the null hypothesis could be rejected at

o »_m

the 5% significance level.
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TABLE | - WEIGHT MEDIAN DIAMETER TREATMENT RESULTS

TOP MIDDLE BOTTOM

pm (run) um (run) um (run)

37.2 | 29.2 |l 311 21

37.6 2 32.3 12 30.3 22

36.7 3 31.1 13 35.8 23

33,0 4 29.9 |4 37.2 24

3.0 5 29.2 I5 34,9 25

34.0 6 3L 16 38.1 26

31.5 7 29.9 {7 39.6 27

35.3 8 29.9 I8 39.6 28

28.8 9 28.8 19 40.6 29

27.4 10 28.4 20 38.6 30
TREATMENT
AVERAGE 33.6 30.0 36.6
GRAND
AVERAGE 33.4 um

TABLE 2 - ANALYSIS OF VARIANCE
SUM OF DEGREES MEAN

SOURCE OF VARIATION SQUARES OF FREEDOM SQUARE
between treatment St = 218.4 Vy = 2 S,r2 = 109.2
within treatment Sr = 238.1 V= 27 SrZ: 8.8
total 456.5 29

Plots of the residual errors are useful to assess the reliability of experimental
data (Ref. 8). Figure 3 shows the distributions of the residual errors. All of the
samples had residuals which were normally distributed about zero, indicating that no
gross systemic errors are present in the laboratory method. Figure 4 shows the
residuals plotted as a function of run number. It appears as though the residuals were
influenced by some systemic variation, such as temperature variations in the
laboratory or time of day. Runs 3-6 illustrate a trend that is different from adjacent
runs 7-ll. The third treatment residuals tend to gradually increase, while the first
treatment residuals gradually decrease. The middle treatment, which was run on two

consecutive days, appears to be free from these trends. The replicates were
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- performed by analyzing the top treatment first (1-10), next the middle treatment (11-
20), and finally the bottom treatment (21-30). In future experiments the order in which b

the samples are analyzed should be randomized.

4. CONCLUSIONS _

Assuming that each treatment contains a normal population and that random :}jﬁ
samples were drawn from this population, then the mean and standard deviation i:
(variance) are sufficient to describe the population. Because both the means and the :j"
variances of these populations were found to be different, it can be stated with 95%
confidence that three different populations were found based on the sampling location. E_.
The bulk sampling method used in this study is described by Allen as heap
sampling. Allen's advice for heap sampling is "Don't!, Never!". Instead, sample the
moving stream of material whenever possible. The fluid energy mill could easily be .
modified with a contiiuous autosampler. The sampler could be placed after the :-'Eﬁ
grinder and before the collection device. The ideal sampler would remove & small ,,
portion of the continuous powder stream during the entire grinding operation. Other !‘
analytical sampling and mixing devices commercially available are extensively used in 1
other industries. However, the gains in PSD analysis precision may not be justified __
when one considers that the data are used to prediet solid rocket motor rheological or .
ballistic properties that are subject to other more significant variances during
measurement (Refs. 9 and 10). However, the users of the FEM must ascertain whether __
or not a range of dm values of 27.44-40.6 micrometers for a single grind is acceptable !
for their needs. If that range is unacceptable, then future work with sampling may be
necessary.
]
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