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THERMAL CHARACTERISTICS OF DESENSITIZING WAXES FOR
EXPLOSIVE COMPOSITIONS*

JOEL HARRIS
Picatinny Arsenal. Dover. N.J. (U.S.A.)

ABSTRACT

Waxes are added to explosive compositions to provide an explesive binder
and lubricant for press-loaded explosives and to desensitize both press-loaded and
cast-loaded explosives. The most significant thermal criterion of a good desen-
sitizer is its ability to absorb large quantities of heat at above environmental tem-
peratures. The enthalpy of each wax investigated for explosive incorporation was
determined from room temperature to liquefication by means of a Perkin-Elmer
DSC-2. Correlation of enthalpy and desensitization was accomplished by relating
the results of a velocity projectile impact test on explosives containing the inves-
tigated waxes.

Melt and solidification temperatures are also determined from DSC ther-
mograms. The temperature at which 2 wax ceases to absorb large amounts of
heat is the temperature at which liquefication takes place. The temperature at
which large quantities of heat are released during a cooling cycle is the solidifi-
cation temperature.-Use of wax having too low a liquefication temperature results
in excess exudation from a loaded high explosive charge; too high a liquefication
temperature inhibits incorporation of the wax into the molten explosive.

INTRODUCTION

Waxes have been used in cast 60/40 RDX/TNT (Composition B) since
1940. The primary purpose for the wax is the desensitization of the RDX part
of the explosive. Most waxes used in Composition B are derived from petroleum
sources. The waxes are mixtures of a variety of hydrocarbon materials. They are
classified broadly into two categories, paraffin and microcrystalline waxes
although large quantities of each may be found in each other.

Paraffin waxes are straight chain-saturated hydrocarbon with few branched
chains. In the pure form they range from CisHjis melting point 28 °C to Cj:Hgs
melting point 71 °C. Their density is approximately 0.7 g ml~". On solidifying par-
affins crystallize as relatively large plates or needles.

Microcrystalline waxes are long—chain hydromrbons in which the branches
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consist of a variety of other hydrocarbons such as olefins, paraffins, and aromat-
ics. They are characterized by higher molecular weights and higher viscosity than
paraffin waxes. They crystallize in microcrystalline structure.

- The mechanism as to how waxes desensitize is a subject of much con-
troversy. It is apparent that there are several additive mechanisms of desensi-
tization some of which are?:

1. The absorption of heat to prevent hot spot propagation.

2. The wax provides a less intimate contact of the particles of explosives
with one another.

3. Burning wax releases hydrogen atoms which function as a slowing barrier.

The object of this investigation was to determine heat content and melt and
solidification temperatures of commercial. waxes by differential scanning calorime-
try (DSC). Those commercial waxes which were tested either met or approached
the requirements of MIL-W-20553 (ref. 2). Blending of waxes was also attempted.

EXPERIMENTAL PROCEDURE

A Perkin-Elmer DSC-2 of temperature range —40 to 725 °C was calibrated
for temperature and heat of fusion with indium, melting point 156.60 °C, heat
of fusion 6.79 cal g~'. The temperature was further calibrated with water of 0°C,
napthalene of 80.5°C, and lead of 32747 °C. The heat of fusion was checked
against stearic acid at 69.4°C and lead at 327.47 °C. The calibration was accom-
plished at a heating rate of 10°C min~' in an argon atmosphere of flow-rate
20 ml min~'. Heat content, liquefication and solidification temperatures of the
waxes listed in Table 1 were obtained with samples of wax of 6-9 mg at a range
sensitivity (Y axis) of 5 mcal sec~!. The heat of fusion was calculated by obtaining
the area under the curve of each endotherm and comparing its value in square
inches with the value obtained for the standard indium®.

DSC analysis was conducted from —20°C to 100°C at 10°C min—!. By
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initiating the analysis below room temperature, a zero energy line can be estab-

lished before the wax begins to absorb large amounts of energy. In order to con-
It~ o7 ~ i

trol the crystallization process of the wax, the melted wax is cooled at
10°C min~!. The sample is then reheated after a ten-minute delav. A reheat of
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the recrystallized wax at 10°C min—! creates a more uniform test condition than
do samnlec which were onlv heated. The recults aohtained fmm the recrvstallized
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wax DSC curve show only minor variation from the original heat DSC curve.

T mnnfmhnn or mellt temneraturec in Table 1 were determined from DSC
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curves by obtaining the temperature at the beginning of the curve’s straight line

roturm from an onﬂnthnm“r nealr tn the hacaline af the crrue durino 2 haating
AL AL RANJEIKR XwQh WJ ilw w WA SSiw WA Fw WSLEA l&lﬁ < uw‘ulﬁ

cycle. The DSC melt temperatures represent points where large amounts of heat
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slow heating rates of 21/2°Cmin™—, the DSC melt temperatures are in close
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TABLE 1

THERMAL WAX ANALYSIS
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Heating or cooling rate, 10°C min—! unless notated; flow-rate, 20 ml min—! of argon.

Weight Wax Temp. Area Lique- Solidi- Heat
(mg) range (in2) Sfication Sication content
cC) temp. CC) temp. CC) «cal.g!
)
73 Sunoco 8810 heat 2393 786 77
13 cool 77-30 7.50 75
13 reheat 27-91 7.80 78
average 7.80 X 75 450
2)
8.3 Petrolite ES670 heat 4690 7.06 63. 80
8.3 cool 80-7 1.20 78
83 reheat 28-91 7.14 61, 80
average 71.10 62, 80 78 360
3
7.7 Indramic 170C heat 31-78 730 61, 83
1.7 cool 7913 694 75, 54
1.7 reheat 15-86 739 59, 82
average 734 60, 82 75, 54 404
C)] Petrolite ES672 heat 3298 852 ?
82 cool 92-11 8.30 90
reheat  26-98 845 89 ;
average 8.50 89 90 440
67
80 Castor wax NFM heat 3691 549 88
cool 66317 520 65
80 reheat 46-98 540 87
80 reheat 47-90 545 86
average 5.45 87 65 290
©®
16 Standard wax of heat 2499 78 70
76 Knoxville 123 cool 69-19 1.7 65
76 reheat 79 69
average 7.80 69 65 435
)
85 Indramic 3000 heat 2991 6.5 81
coal 19-3 6.5 76
reheat 19-90 67 80
average 6.60 81 330

(Continued on p. 128)



ﬁj‘:‘zg‘;{iﬁf- R

TABLE i (commuzd)

THERMAL WAX ANALYSIS

-Heating or cooling rate, 10°C min—* unless no!aled flow-rate, ZOmImur" ofam)n. L

Weight Wax Temp. Area Lique- SLolidi- Hear

(mg) range (in.2) Jication Sication content
- O temp. CC)  temp. €C) cal. g1

3 : ’

7.6 Indramic X heat 31-89 .65 76

16 cool 76-17 64 74

76 reheat 17-87 68 72, 17

average 6.50 360

)

9.0 Ross refined heat 31-78 738 68 ‘

9.0 Candellila " cool 66-17 7.11 62

9.0 reheat  28-76 7.05 68

average 730 68 62 . 340

10) .

80 Western Mekan heat 3197 9.85 93

80 : cool 96-21 9175 95

80 reheat 27-98 10.00 89 .

average 9.90 91 95 520

an

80 Petrolite heat 17-77 6.20 69

80 Ultraflex cool 62-13 6.00 60

80 reheat 21-75 585 65

average 600 64 60 320

a2 .

83 25% Indramic heat 27-82 7.60 62, 84

83 170C/X-75% cool 71-8 7147 76

83 reheat 20-88 7.70 61, 84

average 7.60 61, 84 76 390

(13)

71 75% Indramic heat 30-39 7.40 63, 63

7.1 170C/X-25% cool 79-13 690 77, 55

7.1 reheat 27-90 120 60, 85

average ' 730 62, 85 77, 55 435

14) , : e

16 Sunoco 985 heat - 4695 - 750 - 85 :

76 : . cool - 81-30 - 7.6 : 4

76 reheat  55-92 693 83 .

76 ~recool 8149 134 : 80

average 750 0 &4 80 420
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TABLE 1 (continued)

THERMAL WAX ANALYSIS
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Heating or cooling rate, 10°C min—! unless notated; flow-rate, 20 ml min—! of argon.

Weight Wax Temp. Area Ligque- Solidi- Heat
(mg) range (in2) fication Sfication content
C) temp. CC) temp. °C) cal. g~/ )
“as)
8.2 50% Indramic heat 32-91 7.00 64, 84 ‘
82 170C cool 78-15 6.70 77, 53
82 X-50% reheat 24-89 693 61, 84
average 7.00 360
16)
72 Indramic X-15% heat 31-94 700 63, 86
72 Indramic 170C cool 80-14 6.50 . 80, 55
72 85% reheat 2891 6.50 59, 86
average ) 6.70 385
an
79 Sunoco 1290 heat 21-93 8.10 70
79 cool 7624 720 74
79 reheat 27-93 780 67, 73
average 780 74 420
(18)
79 Amoco (BLT heat 27-82 8.00 76
-Eskar 65) cool 72-15 783 70
reheat 24-80 7.84 77
average 790 77 70 420
19
13 Bareco X715 heat 39-90 8.70 84
73 coo! 79-36 880 78
73 Baich 110 reheat 30-87 860 84
average 8.70 84 78 505
20)
72 Bareco X715 heat 33-89 820 83
7.2 Batch 110 cool 86-30 8.40 79
12 reheat 32-88 8.60 83
average 8.40 83 79 50.0
Q@i
19 Bareco X715 heat 3386 9.5 82
79 74M0983 cool 80-27 92 Ti
7.9 recheat  12-86 93 81
average 93 82 77 510

(Continued on p. 130)
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TABLE 1 (continued)

THERMAL WAX ANALYSIS : ' ,
Heating or cooling rate, 10°Cmin~' unless notated; ﬂowmn:. ZOmImm"' ol‘axxon. :

Weight Wax Temp. Area Ligue- Solidi- Heoar
(mg) range (in.2) Sication Sication content
cC) temp. °C) temp.(CC) «cal.g~!
22) :
85. Bareco X715 heat 32-85 10.42 82
85 74M0983 cool 78-15 1086
85 reheat 27-83 1043 81
average 105 82 520
(23)
5.7 Knoxville 123 heat 22-89 103 69, 81
25 Bareco X-715 cool TI-16 100 74
reheat 21-89 104
recool  78-14 10.1 73
reheat 1889 104 7l
average 103 69, 81 74 530
29
25 Knoxville 123 heat 18-86 110 No data
6.2 Barecc X715 cool 78-15 10.1
reheat 70-90 10.5
recool  11-78 10.1
reheat 17-89 105
average 105 540
23)
74 Bareco X715 heat 32-87 93 7
1% steanic acid cool 81-14 40 77
reheat 28-85 90 81
recool  79-10 93 713
reheat 15-84 95 79
avejage 93 79 iy 530
(26)
73 Bareco X715 heat 22-87 920 80
w/5% biphenyl cool 78-5 8.37 77
reheat  17-84 8.85 77-82
reheat 26-85 869 79-82
2}°C min™! cool  T3-12 8.50 _ 78
average 885 19,82 82 51.0
27) .
73 Emery heat 3298 . 730
1733 85R cool 80-12 675 o 79,69
rcheat  30-96 600 77 I
average ‘ S 100 TT 19,69 - 380
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TABLE 1 (continued)

THERMAL WAX ANALYSIS ‘
Heating or cooling rate, 10°C min—! unless notated; flow-rate, 20 ml min—? of argon.

Weightr Wax Temp. Area Lique- Solidi- Heat
(mg) range (in2) fication fication content
cC) temp. CC) temp. CC) cal. g~!
@8
1.7 Standard wax of heat 18-86 2 70
Knoxville 123 cool 71-60 8.50 69, 63
reheat 792 8.86 70, 15 -
recool  78-11 8.65 68, 64
) rcheat 12-86 8.87 70, 78
2}°C min—! cool 79-30 832 69, 65
21*C min-! heat 2291 848 67, 70, 77
average for 10°C min-! 8.70 70, 77 69, 64 480
29
76 Bareco X404 heat 2588 10.00 88
cool 81-19 9.10 80
reheat 28-86 935 86
recool 81-23 860 80
rcheat 2395 9.40 86
2} °C min™! cool 83-22 82
average 989 87 81 555
(30)
74 Bareco X404 heat 30-96 10.55 89
Batch 110 cool 81-19 924 80
reheat 2593 980 86
2} °C min™! 82-24 1008 88 82
average . 9.72 87 81 540
(31
12 Biphenyl reheat 65-77 5.00 69 295
cool 50-45 - 50
(32) .
7.6 Bareco X715 heat 26-84 9.78 78-81
10% biphenyl cool 75-10 883 74
reheat 25-84 9.73 76-80
cool at
2}°Cc-1 755
average 975 540
(33) ) .
83 50% Knoxville heat 26-88 901 76-81
i 123 cool 78-10 891 74
- 50% Bareco X715 . recheat 19-89 9.04 756
2{ °C min-" cool 75.6
.amv p - V . _’ ’ . . 9.m N 46'0

 (Continued on p. 132)
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TABLE

THERMAL WAX ANALYSIS

1 (continued)

Heating or cooling rate, 10°C min—! unless notated; fNlow-rate, Zﬂmlrnm" of argon.

Weighs Wax Temp.  Area Ligue- Solidi-  Heat
fmg) range (in2) Jecation fication contenr
cCc) . temp. CC} temp. CC} «cal. gt
>4 ~
7.2) - 40% Knoxville heat 2190 887 80
123
60% "Bareco X715 cool 83-17 840 - 77
reheat 33-89 845
2! °C min—1! reccol  80-20 8.40 783
average 8.60 502
(35)
35 Bareco X715 heat 12-86 1055 77
10% biphenyl cool 755 935 75
reheat 17-86 1035 9
2} °C min—! recool 77-9 9.76 77
average ‘100 76 500
(36)
59 - Amoco Eskar cool 7544 6.77 74
SW-70 reheat 47-82 671 9
reoool . 75-36 7.10 74
average 6386 79 74 490
3D
15 Ross heat 35-76 6.60 68
Candellila cool 62-22 641 62
) reheat 33-77 643 66 .
average 6.50 67 62 370
(38)
70 5% Barcco X404 heat 17-86 972 80
‘in Bareco X715 cool 77-14 8.90 77
reheat 9-85 932 81
cool 78-15 9.00 77
reheat 22-86 9202 80
2} °C min-! 79-17 8.70 79
Zverage 9.50 80 78 575
a9 . )
76 Ross wax 561114 heat - 28-93 9.00 66, 81 o
, cool 79-15 890 ) 76. 65
' reheat . 24-90 390 67, 80
2} °C min? cool ' R 78, €7 _ :
average - 895 - 67,81 77,66. 500




TABLE 1 (continued)

THERMAL WAX ANALYSIS _
Heating or cooling rate, 10°C min—! unless notated: flow-rate. 20 ml min~! of argon.
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Weight Wax Temp. Area Lique- Solidi- Hear
(mg) range (in.%) Jication Jication content
) temp, CC) temp. CC)  cal. g~!
(10)
80 Ross wax reheat 23-98 8.70 68
56-1034 cool 79-14 882 - 66
heat 2398 9.10 68
2} °C min! 68
average 890 68 66 470
@n ;
81 Ross wax cool 1627 900 65
56-1204 reheat 28-73 900 695
2% °C min-! 66
average 9.00 69.5 66 470
“42)
86 Indramic GLC heat 2094 176 76
69053 cool 81-12 750 80
reheat. 22-73 750 82
2} °C min! cool 8322 704 82
average 760 3750
43) .
93 Indramic KPL reheat 27-90 8.4 73
recool 80-18 832 73
2} *C min-! reheat 23-88 8.60 72
recool  79-24 840 73
average 8.40 72 73 380
44)
46 Bareco X715 heat 27-88 104 80
39 Ross wax cool 78-15 9.69 77
56114 reheat 18-88 10.2 81
2} °C min-! 78
average 100 500
4s)
66 Bareco X715 (MW500) 82-27 8.26 81
Batch 652 24-88 844 81, 85
81-28 8.16 80
. 24-88 8.51 81, 85 Co-
- 2} °C min~12 83-22 8.00 82
2} °C min-12 82-34 800 8
average ' 834 81,85 81 535

 (Continued on p. 134)



THERMAL w.«x ANALYSIS

Heating or coohng rate, 10°Cmin—* unless notated ﬂuw-nue. mmlmnr' ofargon.

Weight Wax -~ -~ Temp. Area  Ligue- .~ Solidi-  Hear =~
(mg) . S range "'@ind) - fication ~  fication  content
e 0 : temp. (°C) temp. °C) - cal. _gf’ ’
“6) S | . | '
80 Bareco X718 (MW400) - 76-81 922 72,74
Batch 649 73-18 9.19 : 2
25-80 960 T2 -
7313 9.40 72, 68
25-19 9.70 72
2} °C min—12 7427 8.40 73. 71
average 942 72 72 -50.0
“n
68 Bareco X719 55-108 9.59 103
Batch 658 98-58 95
49-108 9.36 102
9856 920 ‘ 97
49-108 9.35 102
2} °C min—12 99-58 9.40 98
average 9.38 102 97 58.4
“4®) -
58 Bareco X717 44-10t 828 98
Baich 655 40-101 8.07 97
9444 824 93
: 39-101 @25 97
2} °C min—'* 93-52 830 93
average 821 97 93 545
(49)
6.5-  Bareco X900 29-91 895 85
2592 8.50 81, 85 :
: 87-26 200 80
2} °C min-12 83-3¢< 176 82 o
average 845 . 85 - 81 500
Bareco X902 229, 790 87 ' ] :
: - 8321 . 750 .82 R
. 2394 943 . o S
2} °C min—1> 8535 . 704 8 Pt
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TABLE 1 (continued)

"THERMAL WAX ANALYSIS
Heating or cooling rate, 10°C min~" unless notated; flow-rate, 20 ml min-! of argon.

Weight Wax Temp. Area Lique- Solidi- Hear
(mg) : range (in2) fication fication contenrt
cC) temp. CC) temp. CC) «cal. g-!
£1) A : ’
6.5 Barecc X901 20-93 860 85
82-26 792 - 81
21-91 8.12 82, 86
£2-26 795 81
24 °C min-1» o 8432 840 83
average 8.15 86 82 48.0
(52)
33 Bareco X718 7921 8.60 .73
31 Bareco X715 27-86 897 19
89-21 8.69 - 79, 77
22-86 879 79
21 °C mjn‘_" £0-29 8.56 79, 76
average 8.76 9 79, 76 485

3 Area not averaged in total.

Solidification temperatures in Table 1 were obtained during a cooling cycle
from the temperature at the top of a straight line departure from the baseline
when heat was released. The release of heat manifests itself by the solidification
of the wax. Temperatures obtained are in close agreement with solidification tem-
peratures observed in the test tubes (Table 1). DSC was normally run at
10°C min—": a slower cooling rate of 2 1/2°C min~!, however, results in solid-
ification temperatures which are more accurate and clcser to those obtained by
observation of the thermal behavior of the wax in an oil bath.

The data appearing in Table 2 was obtained by observing the physical state
of the waxes in 16 mm O.D. by 150 mm length test tubes placed in a temper-
ature-controlled -silicone oil bath. While the oil is constantly stirred, the temper-
ature is raised 1°C every five minutes for liquefication measurement and de-
creased 1 °C every ten minutes for solidification measurement. Liquefication tem-
peratures are reported as the temperature at which the larger part of the solid wax
has liquefied. The solidification temperature is reported as the temperature at
which a large amount of precipitate appears. The change of state temperatures
of the waxes areobtamedbynmnsofthamometersplacednmrwhtstmbe.
Thegrm&&sttempemmregmdwntbetweenthermometexsxs llZ‘Csmoetheonl
s constanuy stimed. - .-

; Thewamwexemedassubmmedbythemanufm'lhe manufac—
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TABLE 2

TEMPERATURES OF VISUALLY 'VOVBSERVED PHASE CHANGES

Ingredient Heating €C) Cooling °C)
liquefication solidification
1. Sunoco 8810 No test 74125
TNT/RDX/HNS : 775-15
2. TNT 1 HNS 82 79
3. Wax of Knoxville 123/TNT 82 69-7
4. 10% Bareco X715 in TNT 1%
Santowax AB-15 80-85 IL
5. 15% Bareco in X715 in TNT 2%
Holowax 107 80-85 795
6. 10% Holowax 105 in X715 79-82 77
7. 10% Santowax ABIS in X75 71-108 79
8. Wax of Knoxville 123 70-76 69
9. X715 Bareco 10% biphenyl 78 775
10. X715 Bareco 5% biphenyl ™ 79-78.5
11. X715 Bareco 2% biphenyl 95 79.5-78.5
12. X715 Bareco 1% biphenyl 80 80-79
13. X715 Bareco 60/Knoxville 40% 795 77.5-75
14. 50% Bareco/50% Knoxville 795 77-76
15. 80% Bareco/20% Knoxville 81.0 9
16. Bareco X715 810 79
17. 85% X715/15% Knoxville No test 78
18. 90% Bareco X715/10% Knoxville No test 79
19. 95% Bareco X715/5% Knoxville No test 80
20. 98% Bareco X715/2% Knoxville No test 80
21. 50% Bareco X715/Castorwax NFM 81 86, 81
22. Bareco X715/stearic acid 1% 80 80
23. Bareco X715 " 80
24. Bareco X715/Knoxville 50/50 78-82 77-75
<. Knoxville/10% Mekon 73-81 80
26. Rosswax 561114 79 7871
27. TNT +0.1 HNS 83 78-77
28. Rosswax 561114/0.4487 g No test 78
Bareco X715 04560 g
29. Rosswax 561204 0.7 g 78
Bareco X715 0.7 g 82
30. Rosswax 56-1034 06 g 79
Bareco X715 068 82
31. Rosswax 56-1034 Mush till 79 68
31a. Rosswax 56-1204 Mush il 79 68
322 INT 086 g
X7150.16 g 81 76
Diphenyl 002 g
ANS 001 g
.33. Ross wax 20% 81 79
Bareco X715 80%
34. TNT 82 V£
35. X715+ Polyethylene AC 400 - 80 82
36. Sunoco 8810+RDX+TNT 82 77 :
37. Sunoco 8810 - 80 . 7877
38. Bipbenyl in X715+ TNT+RDX . 83 B 7 i
39. 2% Bareco X404 in! X715 RDX+TINT 82 T 195185
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TAB[E 2 (continued)
TEMPERATURES OF VISUALLY OBSERVED PHASE CHANGES

Ingredien:s Heating €C) Cooling €C)
' liquefication solidification
40. 86% TNT biphenyl 20 72
16% X715 HNS 0.1 78 775
41. TNT+HNS 73
74
42. Polyethylene 400+ X715 Bareco No test 90-82
43. Biphenyl X715 78-74
RDX/TINT/HNS No test 70-70
44. 95% Bareco X715 5% stearic acid 78-81 80
45, 90% Bareco 10% Ultraflex 80-82 80
46. 90% Bareco 10% Sunoco 1290 80-81 80

turer or the trade name is listed with the wax in Table 1. Bareco waxes were
obtained from the Petrolite Corporation.

RESULTS

The results of thermal analysis by means of a Perkin-Elmer DSC-2 are
shown in Table 1. Thermal analysis was conducted at a heating rate of
10°C min~! and, for more accuracy, at 21/2°C min~'. The DSC was calibrated

IO.G mcal /sec

27 95

1 [ . I B
17 27 37 47 57 ©7 77 87 97
S - Temperature °C

Fig. 1. 7.3mgSunoc08810heatmgcmve.megmle,lO'Cmm"'ﬂow—me,ZDmlmm"lofmgon,
record speed, 20 mm min—t,

. ’Range 5 millivolts/second
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TABLE 3
PROJECTILE IMPACT TEST

fps = feet per second; melt T = lcmpauuxcwhenaﬂwaxlsliquld solid T = sobdifmuonwm—'
perature of a wax; cal = calonsg_.gmms.

: % Wax in Composition B Velocity (fps) AH of wax Melt T Solid T .
, (calg=") €O cQ
Go No Go
o 3080 2900 _ — —
1 Bareco X715 3310 3130 50 82 77
1 Indramic 170C 3280 30710 40 60. B2 75. 4
1 Sunoco 8810 3110 2900 45 77 75
1 Castorwax NFM 2950 2900 29 87 65
1 Petrolite ES670 2800 2570 36 80 78

for both temperature and energy equivalence, using pure indium (m.p. 156.60 °C;
heat of fusion 6.80calg™") and pure lead (m.p. 327.47°C, heat of fusion
5.50 cal g'). The temperature was also checked with naphthalene (m.p. 80.5°C).
Temperature accuracy was always within 0.2 °C.

Confirming temperature analysis was conducted on some of the more pro-
mising waxes and wax mixtures in a thermostatically-controlled, silicone oil bath
which was constantly stirred. These results, obtained mostly at a heating rate of
1°C per five minutes and a cooling rate of 1°C per ten minutes, are reported
in Table 2. The waxes were put in test tubes, capped and placed in the oil bath.
Solidification of blends of waxes stretches over ranges of temperature. Beginning
and final temperatures of solidification of wax blends are reported in Table 2.

|

75

| l | | | | .
77 67 57 47 37 27 117
- Temperature °C ’

Range millivolts/second

EgZ.?ngSunocoSSlOcooﬁngcnrve.Coolmglam.lO'Clmn" ﬂowmle.mmlnun"'ofamon
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IO.G mcal /sec

Range 5 millicalories/ second

7 17 27 37 47 57 67 77 87
Temperature °C

Fig 3. 9.3 mg Petrolite ES670 heating curve. Heating rate, 10°C min—!; flow-rate, 20 ml min—! of ar-
gon; record speed, 20 mm min—1.

59

:[0,6 mcal/sec

.
17 27 37 a7 5 67 77 87
Temperature °C

©
<
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(¢l

F:g,4.77mglndramnc 170C heating curve. Heanngme, 10°Cmm"' ﬁow—tate,ZOmlnun“'rmd
speed, 2¢)mmmm"l :
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Figures l—iO are thermal heating curves of the wm appearing in Table 1.
Results from a projectile impact test from some pubhshed and unpubhshed
results are listed in Table 3 (ref. 3).

DISCUSSION OF RESULTS

Sunoco Wax 8810 was one of the desensitizer waxes used in many explo-
sive compositions for over 15 years. A discontinuance of its production resulted
in research to find a substitute wax. The thermal characteristics of the ideal
replacement would be similar in changes of state temperatures and have a similar
or greater heat content (Table 2, No. I; Figs. 1 and 2).

One synthetic wax, Bareco Wax X715, comes closest to possessing all the
desirable therral characteristics and develops a greater heat content than does
Sunoco 8810. (Table 1, No. 19-22; Figs. 8 and 9). Solidification temperature, how-
ever, is slightly higher. Some wax solidification occurred before the molten ex-
plosive solidified. Most additives to the Bareco Wax failed to lower the change
of state temperature and while biphenyl additive lowered the change of state tem-
peratures of the wax, it also lowered the change of state temperature of TNT.

. Since the Sunoco 8810 is a blend of Sunoco 985 (Table 1, No. 14; Fig. 6)
and Sunoco 1290 (Table 1, No. 17; Fig. 7) blending of other waxes was attempted.

IO.G mcal/sec

86

o

| i | | | | l |
27 37 47 5 ©7 77 87 97
Temperature °C

Range 5 millicalories /second

Fig. 5. 8.0 mg Castorwax NFM hmmg curve. Hanng ate, lO"Cmm"l ﬂowme. Z(Imlmm-l of
argon; record speed, 20mmmin—l. - , _
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One seemingly successful mix results from a blend of Bareco X715 and Standard
Wax of Knoxville 123, which possesses an acceptable heat of fusion but a change
of state temperature which is unacceptable (Table 1, No. 28). Blends of 40-50%
Knoxville Wax 123 and 50-60% Bareco X715 previde satisfactory thermal char-
acteristics (Table 1). Another wax which possesses the desired properties is
Amoco Eskar SW-70 (Table 1, No. 36). This wax, described in ref. 1, is not avail-
able, however, in large amounts. Rosswax 561114, an ozokerite wax, was promis-
ing in that it has a large heat of fusion, but it was found to possess a high per-
centage of low-melting components which could lead to exudation (Table 1, No.
40) and did not mix with Barexo X715.

Sunoco 1290 wax appeared to have a melting point at 70 °C when initially
heated which would be too low to prevent exudation in storage. After the wax
was cooled at 10 °C min ™! and reheated, it showed a melting point at 73 °C which
would be acceptable. It solidified at 74 °C which is desirable and compares favor-
ably with the Amoco SW-70 used by the Navy. The curve for 1290 wax shows
a preliminary melting at 67 °C, but it has been found, particularly with Indramic

Range 5 millicalories,/second -

o5

| | | | |

37 47 57 67 77 87 97
Temperature °C

Fig_ 6. 7.6 mg Sunoco 985 heating curve. Heating rate, 10 °C min—!; flow-ratc 20 mi min—! of argon;
recorder speed 20 mi min—1. e . ,



142

Range 5 millicalories/second

N R T [ IS T AR R |
17 27 37 47 s7 67 77 87 97
Temperature °C

Fig 7. 7.9 mg Sunoco 1290 heating curve. Heating rate, 10 °C min—!; flow: ratc,ZOmlmm"ofargon

record speed, 20 mm min—L

IO.Gmcal /secC

88

Range 5 millicalories/second

o0
27 37 47 57 67 77 87 97.
o Temperature °C

Fig 8.72mg Barcco X7IS, batch 110 :mng' curve. Haung rate, lO‘Cmm"‘, flow-ate,

20 ml min~?; record speed, ZOmmmm—‘
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Wax 170°C, that the higher melting component in this case 73 °C (Fig- 7) can
encapsulate the already soft or liquid component. The encapsulation by the
higher melting component would tend to preclude exudation of wax at 70 °C sto-
rage condition from an explosive composition. ‘

Waxes 45-52 (Table 1) are synthetics. Waxes X715, X717, X718, X719 are
straight-chain paraffinic waxes synthesized by the Petrolite Corporation. No. 52
represents an attemnpt to mix X715, which may solidify at a temperature slightly
too high, and X718 (Table 1, No. 46) which is decidedly too low in temperature
of solidification. The results of mixing (Table 1, No. 52) seem encouraging from
the point of view of wax compatibility and temperature of solidification.

To ascertain whether DSC reported changes of state temperatures are
accurate, samples of wax were weighed and placed in test tubes in a temperature-
controlled, stirred oil bath. Pilot plant conditions were simulated in the oil bath,
and changes of state visually observed. Data obtained from these experiments
appears in Table 2. The oil bath was subsequently utilized to observe the behavior
of RDX, TNT, and wax during cycling.

Visual observation of the solidification of wax and explosive in test tubes
indicates that separation of wax and explosive occurs on solidification. If a wax
solidified at nearly the same temperature as the TNT, a mechanical mixture of

78°

77°"]

10.6 mcal /sec

Range § millivolts /second

| | I | | |
87 77 67 57 47 37 27 17
‘ TJemperature °C

,Fig.9 8.5mgBamx715molingmnc.Coolinsmc10‘Cmm-' ﬂow—m:,mmlmm" ofargon
range 5SmV sec!; record spesd, 200mmmin—t . ,
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179

:[1.2 mcal /sec

e

| I | | | [
37 a7 57 67 77 87 97
Temperature °C

Range 10 millicalorles / second

Fig 10. 74 mg Amoco-EskaR SW-70 heating curve. Heating rate 10°Cmin—!; flow-rate,
20 mimin~! of argon; recorder speed, 20 mm min—}.

the majority of the wax and explosive can be produced with stirring. With con-
sideration for both the eutectic formed by RDX and TNT and the super cooling
observed in the test tube experiments (Table 2, No. 32, 34, 36, 38), a wax
solidification temperature of 72-78 °C would be recommended to produce the me-
Since waxes melt over a range of temperature rather than at one particular
.point, the melting point is a nebulous requirement. Some waxes reputed to melt
at 80 °C were found to have large amounts of their components melting at 60 °C
(Table 1, No. 2 and 3). These low-melting components would likely exude when
a composition is exposed to the 71 °C environmental test. Other waxes reputed
to have melting points of 80 °C were found to have components which remained
solid until 86 to 87°C.
~ Projectile impact test consists of 1/2x1/2 inch cylindrical projecules pro-
pelled by increments of 4 or more grams of propellant fired from a 0.50 caliber
gun’. The data are reported as the velocity of the projectile which caused no
ignitions in ten successive shots into 2 x 1 inch cylinders of explosive composition
(No GO) (Table 3), and the next higher level of velocity of the projectile which
bmught about an ignition of the explosive: composmon. The criteria of 1gmnon
was a visual indication of smoke or fire. . ,
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The Go velocity shows some correllation with enthalpy of the waxes
(Table 3). The wax with the largest enthalpy also desensitized the explosive to
the extent that the greatest projectile velocity was required for ignition. The tem-
perature at which an increase in enthalpy also desensitized the explosive to the
extent that the greatest projectile velocity was required for ignition. The temper-
ature at which an increase in enthalpy occurs also affects the desensitization.
Indramic 170c is a low temperature heat absorber and seems to desensitize better
than would be indicated by its enthalpy value. A possible inoompatigility is in-
dicated by the decreased velocity which ignited the Composition with the
Petrolite ES 670 wax. Actual bomb tests have indicated that 1° wax changes the
ignition characteristics of bombs®.

In conclusion the DSC provides a means of determining the enthalpy,
liquefication and solidification temperatures and a2 means to screen waxes.

It is recommended that a wax used as a desensitizer in a composition con-
taining TNT has a solidification temperature of 72 to 78°C and an enthalpy
value of at least 40calg™! from 25°C to the melt temperature.
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