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Thermite mixtures. intermelallic reactants, and metal fuels ha~,e long been used in pyrotechnic applications.
Ad\>antages of rhese systems ~pically include high energ-v densin. impact insensitivi~, high combustion

temperature. and a \tide range of gas production. They generai[y e.rhibit higfl temperature stabili~. and possess

illsensiti~’e ignition properties. In this paper, bt’erel’iew the applications. bene]ts, and characteristics of thermire

mi.rtures, inrermetal[ic reactanrs. and metal fuels. Calcu[aled \alues for reactanr densi~, heat of reaction {per unit

mass and per unit l’o[ume), and reaction tenlperature (itithout and u.ith consideration of phase changes and the
variation of spec[jic ileat ~~alues) are tabulated. Tilese dara are ranked in several ways, according to densi,y, hear

of reaction, reaction temperature, and gas production.

INTRODUCTION
Exothermic reactions between a metal and a metal oxide (thermite) and between metallic elements (intermetallic). as
well as the combustion of metals (metal oxidation reactions), are extremely useful sources of energy production and
material synthesis for numerous applications. For exampie. the thermite ~~eldingprocess was first demonstrated in
1898 and continues to be the most frequently used method for the field ~veldingof railroad [rack. i”:

Other applications for thermite reactions inciude: thermite torches for underwater and atmospheric cutting and
perforation; electronic hardware destruct devices; additives to propellants and explosives for increased performance:
pyrotechnic switches; airbag gas generator materials; reactive fragments: high-temperature-stable igniters; free-
standing insertable heat sources; devices to breach ordnance cases (o relieve pressure during fuel fires: and methods
of producing alumina liners in situ for pipes.

Applications for intermetallic reactions include: consumable port covers for ramjet engine inlets: tracer compositions
for munitions; ramjet fuels; self-ejecting combustible plumes for large-area heating; ignition aids for thermi[es:
thermal batteg heat sources; incendiary projectiles; delay fuzes: additi~es to propellants to increase burn ra[e
without significant decrease of specific impulse; and shaped-charge liners.

Metal fuels have been used as: additives to increase shock sensitivity of explosives: additives to increase explosive
blast effects; fuel-air explosives; additives to both solid and liquid propellants to increase density impulse: methods
of controlling combustion instability in solid propellant rockets: additives to solid and liquid fuels for ramjets to
increase range: and fuels in numerous pyrotechnic devices.2”2

Thermite, intermetallic, and metal fuels (with an oxidizer) can be ignited via a thermal impulse from a hot-wire.
exploding bridgewire (EBW), or semiconductor bridge (SCB) igniter as w’ellas b} laser impingement. mechanical
methods, or shock initiation. ‘z”~s-zgMany of these formulations are stable at high temperatures and are insensitive to
the effects of moisture. corrosion, friction, spark. shock. contaminants. m-tdvariations in composition;5. Cl:arl).
these types of exothermic reaction mixtures provide the output for a w-idevariety of engineering appiica~ions with z
large choice of ignition methods.

CALCUL.ITIOXS
The “traditional” thermite reaction is taken as the reaction of a s[oichiomew;c mix of aluminum and maye:~[e
(Fe, O,) reacting exothermically to completion with the products being alumina (A1203) and iron. \lany otker
the~mite mixtures exist; many of these, as well as intermetailic and me~i-oxidation reactions. are sur;e>ed in this
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paper. Some of these reactions produce little or no gas. Others produce significant amounts of gaseous products.
The reactant composition can be chosen to produce solid, liquid. and/or gaseous products as required for the
particular application.b”3[)’31

Tables 1a through If list the theoretical maximum density (TMD) of the reactants, the adiabatic reaction temperature
without and with taking into account the heats of phase changes, the state of the products, the amount of gas
produced referenced to the total mass of the reactants (or products), and the heat of reaction based on the mass and
volume of the reactants for a selection of exothermic thermite reactions. The s:~meinformation for intermetallic
reactions is listed in Tables 2a through 2f. In the field of intermetallic reactions, boron, carbon, and silicon are
usually considered metallic. 15 In the present stridy, sulfur is also included. In these tables the reactions are first
listed alphabetically and then ranked in descending order according to reactant density, heat of reaction (per unit
mass and per unit volume of the reactants), reaction temperature. and moles of gas produced per unit mass.
Analogous values (metal density and heat of reaction with respect to the mass and volume of the metal) for metal-
oxidation reactions are listed in Tables 3a through 3d. Physical, thermochemical. and reaction data are taken from
references 13, 14, 17, 18, 28, and 32 through 47.

The heat of reaction is calculated assuming complete adiabatic reaction of the reactants starting al 298K. The
increase in temperature is calculated using the average specific heat over the temperature range from 298K to the
adiabatic reaction temperature. If phase transitions (solid-solid. solid-liquid. or liquid-gas) occur over that
temperature range, the adiabatic reaction temperature is calculated taking into ~accountthe heats of those transitions
and using the average specific heats for each temperature range between transi’:ions. This calculated temperature is
an upper limit for the ideal case of complete reaction and no energy losses.

In most of the calculations reported in the open literature, the adiabatic reaction temperature is calculated without
taking into account the heats of the phase transitions. This leads to erroneously high temperatures. For instance, for
“traditional” thermite (8AI + 3Fe304) the adiabatic reaction temperature with co phase transitions taken into account
is calculated as 4057K. In contrast, with the solid-solid, solid-liquid, and liquid-gas heats of transition included, the
adiabatic reaction temperature is more accurately calculated as 3 135K. Similarly, for Ti + 2B, the calculated
adiabatic reaction temperature drops from 37 10K to 3498K. Measured reacticn temperatures are in reasonable
agreement with the calculated values. Temperatures ranging from 2800K to 3000K have been measured for 8A] +
3FeJOJ, while that for Ti + 2B has been measured in the rangeof3150K to 3300K.*5”17’50

An accurate calculation of the adiabatic reaction temperature is important for cle[ermining whether the reaction is
likely to be self-propagating. A strong indication that the reaction is self-propiigating is if at least one of the product
species is brought to its melt temperature.J3 Another indication that a reaction is self-propagating is an adiabatic
reaction temperature greater than 2000K. 17 (Reactions which are not self-propagating under normal conditions may
become so when initiated by a high-power stimulus, such as a high-energy shock. Self-propagation can also be
promoted by preheating the reactants to a high tempm-ature.”~) It should be noted that. because the effect of phase
changes on the product temperature takes a finite time, the initiai temperature rise may control the diffusion and
reaction rates before the temperature drops due to the phase changes.~s

The reaction temperature is also a guide as to which materials are suitable for ~ given application. For some
applications, such as cutting through metal, high temperatures are required. For others. such as air-bag inflation,
low-temperature products are desirable.

DISCUSSION
For engineering applications, the “optimal” exothermic mixture is dependent cmseveral factors tvhich include:
energy per unit mass (or volume depending on the requirements of the application); chemical stability of the
reactants and products at normal operating temperatures; chemical compatibili ry of the reactants and products with
other materials present in the application; toxicity of the reactants and products: reaction rate: ease of processing;
availability of the reactants; reaction temperature; state of the products: and cc}st.

From Tables I and 2, thermite and intermetallic compositions can be selected to produce solid. liquid, or gaseous
reaction products as required for a particular application. In situations where ,:w production is undesirable, such as
obturated systems, applications for which it is desirable to controi the reaction rate by conduction rather than



DISCLAIMER

This report was.prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible

in electronic image products. Images are

produced from the best available original

document.



convection, or systems which may be adversely affected by pressure variations. solid and liquid products are more
suitable. However, in order to perform mechanical work, rapidly convey the product (as in a torch-type outpur ). or
inflate items such as airbags, the production of gases is required.

Similar compromises apply for the selection of metal fuels. Desirable properties for metal fuels are a high heat of
combustion per unit mass of metal (or of the metal and the oxidizer for some applications), a high density, and low ‘
melt and vaporization temperatures. Table 3 contains several properties of importance. Ideally one would select
boron or beryllium based on their high energy content. Unfortunately. low combustion efficiency and toxicity.
respectively, limit the application of these metals. In general, the wide use of aiuminum in propellant, pyrotechnic.
and explosive formulations is because of its many desirable properties. lIos[ other metals have applications in
systems requiring very specific properties. For example, zirconium is used where ignition sensitivity and high
reaction rates are required, while copper is used when a good heat conductor is necessary.

SUMMARY
Numerous thermite and intermetallic energetic compositions exist that can be used for a wide variety of engineering
applications. Metal combustion reactions are also of great utility. A comprehensive list of these materials and their
energetic properties is presented here. Comparison to experimentally measured reaction temperatures shows
reasonable agreement with the calculated adiabatic reaction temperatures when phase changes are taken into account.
The properties tabulated in this report provide a useful guide for choosing exothermic formulations for engineerin~
applications.
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Table la - Thermite Reactions (in Alphabetical Order)

FRI /:;;;;;;;,F 71
2A] + 3Ag0 6.085 7503 32530 1-: I gas II 0.7519= I ::;:3 II :;: I :;7m-

2AI + 3Agz0 6.386 4941 2436 liquid I l-g II 0.4298 I 0.4636 ~ 504.8

2A1 + BZ03 2.524 2621 2327 s-1 ~ ‘+soiid I O.oouo I 0.0000 1

2A1 + Bi203 7.188 3995 3253 @ I g= I 0.4731 [ 0.8941 II 506.1 3638
~A] + 3Co0 5.077 3392 3201 liquid /

-*

l-g II 0.0430 I 0.0254 II 874.7

8A] +3C030J 4.716 3938 3201 liquid \

d ‘:::.0 ::: j

l-g II 0.2196

2A] + CrzOj 4.190 2789 2327 s-l I liquid
~A1+ 3Cuo 5.109 5718 2843 liquid / ]-: // oj~oo 0.3421 ! 974.1 4976

I
~Al + 3Cu10 5.280 4132 2843 liquid [ l-: II 0.1221 0.0776 II 575.5 ~ 3039 \

2AI + FezO~ 4.175 4382 3135 liquid I ]-: [1 0.1404 [ O.OW ~1 945.4 I 3947

8A1+ 3Fe30J 4.264 4057 3135
/1

liquid } 1-s // 0.0549 I 0.0307 ~ 878.8 I 3:47 ,

2A] + 3Hg0 8.986 7169 3253 l-g / g; II 0.5598 / 0.99!3 i] 176.6 ~ 42S2 I

10Al + 31Z05 4.119 8680 >3253 gas I g= II 0.6293 I 1.0000 ‘{ 1486 / 6122 ~

4Al + 3Mn02 4.014 4829 2918 liquid I o= ~! 0.S136 I o.-t~To / 1159 I ~651 /

2Al + MoO~ 3.808 5574 3253 1 li~uid ~1 0.2425 / 0.24-3 I 1!2~l-g , . I ;:~$l 1

1OAI+ 3NbzOf 4.089 3240 2705 liquid I soiid ;I 0.0000 \ 0.0003 ] 600.2 I 2454 i

2Al +3Ni0 54214 3968 3187 liquid I l-g ii 0.0108 [ 0.0063 ~ 822.3 / 4288 \

2Al + Niz03 4.045 5031 3187 liquid [ 1-s ~1 0.~650 [ 0.2729 ~ 1292 I 5229 ~

2Al + 3Pb0 8.018 3968 2327 s-1 1 g= / 0.:1:6 I 0.%591 { 337.1 [ X05 I
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Table la - Therm-te Reactions (in Alphabetical Order) (cont.)

reactants adiabatic reaction state of products

‘ [

gas production heat of reaction
temperature (K)

constituents PTMDY WIOphase WIphase state of state of moles gas g of gas -Q, -Q,
g/cm3 changes changes oxide metal per 100 g per g calfg cal/cm3

4Be + Fe30~ 4.180 4482 3135 liquid \ ].: 0.0336 0.0188 1175 4910

2Be + MnO? 3.882 6078 2969 liquid \ gas 0.9527 0.5234 1586 6158

2Be + Pb02 7.296 8622 4123 l-g [ gas

1

0.4665 0.8250 875.5 6387

4Be + PbqO~ 7.610 5673 3559 liquid I gas 0.4157 0.8614 567.8 4322

2Be + SiOz 2.410 2580 2482 solid I liquid 0.0000 0.0000 936.0 2256

3Hf + 2BzO~ 6.125 2656 2575 solid I liquid 0.0000 0.0000 296.5 1816

3Hf + 2Crz03 7.971 2721 2572 solid } liquid 0.0000 0.0000 30~3 2410

Hf + 2CU0 8.332 5974 2843 solid I ]-g

F

0.3881 o.~4&j 567.6 4730

3Hf + 2Fc103 7.955 5031 2843 solid I l-g (3,~117 0.1183 473.3 3765

2Hf + Fe~OJ 7.760 4802 2843 solid I ]-g r0.1835 0.1025 450.4 3496

Hf + MnOz 8.054 5644 3083 s-1 I :2s

[

0.3263 0.3131 534.6 4305

2Hf + Pb30J 9.775 9382 4410 liquid ] ~as 0.2877 0.5962 345.9 3381

Hf + SiOz 6.224 2117 1828 solid I liquid 0.0000 0.0000 203.3 1265

2La + 3Ag0 6.827 8177 4173 liquid \ gas !~ 0.4619 0.4983 646.7 4416

2Li3+ 3CU0 6.263 6007 2843 liquid I l-g IT 0.3737 0.2374 606.4 3798

2La+ Fez03 5.729 4590 3135 liquid { l-g ~r0.1234 0.0689

I-g 1 ~= IT .32- .43 ,65- ~
5?9.6 3034

2La+ 3Hg0 8.962 7140 >4472 39?.0 3513

1OLa + 31Z05 5.501 9107 >4472 gas I g= 1[ 0.3347 1.0000 849.2 4672

4La+ 3MnOz 5.740 5270 3120 liquid I gas II 0.3674 0.2019 593.4 3406

2La+ 3Pb0 8.207 4598 2609 liquid I :X r0.3166 0.6561 287.4 2359

4La+ 3PbOz 7.629 7065 >4472 gas I gas /- 0.3927 1.0000 518.8 3958

8La+ 3Pb30~ 7.789 5(528 4049 liquid I

I

sw / 0.2841 0.5886 378.6 2949

~La + 3pd0 7.769 5635 3237 liquid I l-g I 0.2450 0.2606 536.2 4166

4La + 3WOZ 8.366 3826 3218 liquid I solid IT 0.0000 0.0000 361.2 30~~

2La+ W03 6.572 5808 4367 liquid I liquid ~~ 0.0000 0.0000 445.8 ~930

6Li + BZ03 0.891 2254 1843 s-1 I solid IL 0.0000 0.0000 1293 1152

6Li + Crz03 1.807 2151 1843 s-1 I solid IL 0.0000 0.0000 799.5 1445
~Li + Cuo 2.432 4152 2843. liquid I l-g IL 0-2243 0,1423 ]l~j 2736

6Li + Fez03 1.863 3193 2510 liquid I liquid II 0.0000 0.0000

~E

]]13 ~~30

8Li + Fe30d 0.517 3076 2412 liquid I liquid j~ 0.0000 0.000o ]053 I ~r336

4Li + MnOz
,-

1.656 3336 2334 liquid I ]-g ~/_ 0.4098 o,~~j 1 ]399 ~3]7

6Li + MoC)3 1.688 4035 2873 l-g I solid ~1 0.2155 0.0644 ]~~~

d

~~fjj

8Li + Pb30i 4.133 4186 2873 l-g I liquid ~~ 0.1655 0.0496 536.7 v13

4Li + SiOz 1.177 1712 1687 solid \ s-l IL 0.0000 0.0000 763.9 \ 898.7 I

6Li + WOj 2.478 3700 2873 l-g I solid ~~ 0.0113 0.0034 825.4 I 20-$6 \

3Mg + BZ03 1.785 6389 3873 I [-g / liquid ~ 0.498 I / 0.2007 2134 1 1195 I

3Mg + CrzO~ 3.164 3788
—,

2945 solid ~ ;.g i 0.1022 I 0.0532 I 813.1 I 2573 ~1,1
Mg + Cuo 3.934 6502 2843 solid ~ s;-L- ‘r 0.8136 ] 0.5201 I 1102 1 =1

3Mg + FeQOj 3.224 4703 3135 liquid ~ j-g r 0.2021 J 0.1129 I 1110 J-

4Mg + FeJOd 3.274 4446 3135 liquid ~ !-g ~ 0.1369 } 0.0764 II 1033 \ 3383 /

2Mg + MnOz 2.996 5209 3271 liquid I gas fl 0.7378 I 0.4053 II 1322 1I 3961

6
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Table la - Thermite Reactions (in Alphabetical Order) (cont.)

reactants adiabatic reaction state of products gas production heat of reaction
temperature (K)

constituents PTMD, WIOphase WIphase state of state of moles gas g of gas .-Q, -Q, ‘
g/cm3 changes changes oxide metal per 100 g per g cailg cal/cms

Mg + Pb~O~ 5.965 5883 3873 1.: I s= 0.4216 0.8095 \ 556.0 33]6

Mg + SiOz ~.148 3401 2628 solid { I-g {{ 0-.92 0 _ ,26 789.6 1695

Nd + 3Ag0 7.~44 7fj~fj 3602 liquid I gas 0.4544 0.4902 625.9 -!53-!

Nd + 3CU0 6.719 5921 2843 liquid I ]-g I 0.3699 ().~350 603.4 4054

Nd + 3Hg0 9.430 70~() <5374 gas \ gas 0.4263 1.0000 39j7 3703

3Nd + 31z05 5.896 10067 <7580 gas [ gas 0.3273 I.000o 840.6 4956

Nd + 3Mn02 6241 5194 3287 liquid I gas I 0.3580 0.1967 589.9 3682

Nd + 3PbOz 8.148 6938 <5284 ~i~d ~ := i 0.3862 1.0000 517.8 4~19

Nd + 3Pb30J g~]g 5553 3958 gas 0.2803 / 0.5808 I 379.6 3120

Yd + 3Pd0 8297 6197 3237 liquid I 1-: [ 0.2394 I 0.25’$7 ] 532.7 4-$20

Nd + 3WOZ 9.016 4792 3778 liquid ~ liquid u 0.00MI I O.0000 I 362.9 3~7~

~d + WO~ 7.074 5438 4245 liquid I liquid I 0.0000 I 0.0000 / -$46.1 3156

ra + 5Ag0 9.341 6110 2436 liquid \ 1-: ~ 0.42?9 ~ 0.-$562 I 466.2 -$355

ra + 5CU0 9.0$9 4044 2843 liquid / ]-g 0.0776 I 0.(2493 [l 390.3 3532

ra + 5Fez03 9.185 2383 2138 solid ] liquid ~ 0.0000 I O.OQOO~ 235.0 2558

ra + 5Hg0 12.140 5285 <4200

‘“‘ f: l=%%l%@

liquid I gas

ra + IZOS 7.615 8462 7240

ra + 5Pb0 10.640 2752 2019 solid ~

l’a+ 5PbOz 11.215 4935 3472 liquid I S: 0.2604 ~ 0.5397 ~ 338.6 3797 I

ra + 5Pb30d 10.510 3601 2019 solid I l-: 0.2990 / 0.6196 ~ 225.0 I 2365 I

!a + 5Pd0 11.472 4344 3237 liquid } ]-g 0.0575 / 0.0612 ~ 360.4 I 4135 I

~a+ 5WOl 13.515 2556 2196 liquid I soiid O.COOO \ O.0000 \ 145.1 \ 1962 ~

“a+ 5W03 9.876 2883 2633 liquid I soiid ~ 0.0000 ~ 0.00@1 I 206.2 / 2036 I

“h + 2BZ03 6.688 3959

:::: w’

0.0000 : C1.0000 ~ 337.8 / 2259 ~

‘h+ 2CrjO~ 8.300 4051 ~ 0.0590 ~ 0.0307 i 334.5 I 2776 ~

I + 2CU0 8.582 7743 2843 solid \ l-g ~ 0.:301 i 0.3~21 ~ 558.7 I :?95 F

“h+ 2Fez03 8,Z80 6287 3135 solid
\

l-g ~ 0.2619 : 0.f:63 \ ~77.9 ~ 3957 I

h + FeJOJ 8.092 5912 3135 solid I l-g ~ 0.2257 :0.1261 ~ 458.5 ~ 3710 i

1i- MnOz 8.391 7151 3910 liquid I g= ~ 0.3135 ~ 0.17:2 ~ 529.2 / 4440 ~

L+ Pb02 10.19 10612 4673 l-g / g~ ii 0.281- 0.6231 ~ 482.8 I 4922 ~

‘h+ Pb30J 9.845 8532 $673 l-g f gs ~~ 0.2695 ‘ 0.56S3 ~ 360.5 I 3549

L+ SiOz 6.732 3813 ~fj~g soiid j l-g ! 0-.3: 0-.10 ~ X8.2 / 173S

‘i+ 2BZ03 2.791 1498 1498 I solid \ seiia ~’ 0.00W ~ 0.0033 I 276.6 ~ 77Q,3 ~

‘i+ 2CrzOq 4.959 1814

+ 2CU0 5.830 5569 :::: ‘*I ::~ ::Z I = I :::Z
‘i+ 2Fez03 5.010 3358 2614 I liquid i :lCJLi@~ O.CQCM 0.0W3 612.0 ! 3066 ‘

+ FelOJ 4.97-$ 3113 2334 II liquid ~ iq~id j~ 0.(000 O.MKd ~ 563.0 ~ 2NY3

7



Table la - Thermite Reactions (in Alphabetical Order) (cont.)

reactants adiabatic reaction state of products

F

gas production heat of reaction
temperature (K)

constituents PTMD, WIOphase WIphase state of state of moles gas g of gas -Q, -Q,
J0 cm3 changes changes oxide metal per 100 g per g calfg cailcm’

8Y + 3FeSO~ 4.803. 579 I 3135 liquid

gas I ;:

E

0.3812 0.2129 856.3 4113

10Y + 31z05 4.638 12416 >4573 0.4231 1.0000 1144 5308

4Y + 3MnOz 4.690 7405 <5731 gas / gas 0.8110 1.0000 Io~z 4792

2Y -I-M003 4.567 8778 >4572 gas liquid 0.6215 1.0000 1005 4589

2Y + Niq03 4.636 7614 3955 liquid gas 0.5827 0.3420 11~() .!5194

4Y + 3PbOz 6.875 9166 >4572 9as gas 0.4659 I.0000 75 I .0 5163
2Y + 3pd0 7.020 8097 3237 liquid ].g r 0.4183 0.4451 768.1 5371

-$Y+ 3SnO* 5.604 7022 4573 1-: I gas .37 -.62 .44-1 7~6.] .4068

10Y + 3Taz05 6.316 5564 >4572 l-g I liquid ~ 0-0.23 0-0.51 469.7 2966

IOY + 3V205 3.970 7243 >3652 l-g o~130 0.4181 972.5 3861

2Y + W03 5.677 8296 >4572 gas I li~~d ! o~q 1 0.5512 732.2 4157

3Zr + 2BzOl 3.782 2730 2573 solid I s-l ~ 0.2930 0.0317 4374 ,654

3Zr + 2Cr101 5.713 2915 2650 solid I liquid O.0000 0.0000 4?3.0 2417
~ + ~cuo 6.400 6103 2843 solid I l-: lJ_ 0.5553 0.3529 752.9 4818

3Zr + 2FezO~ 5.744 4626 3135 liquid 1 l-g [_ 0.0820 0.0458 666.2 38?7

2Zr + FeJO~ 5.668 4103 3135 liquid @ !/ 0.0277 0.0155 625.1 3543

Zr + MnOz 5.647 5385 2983 ,-1 \ gas – 0.5613 0.3084 778.7 4398

~. Zr + Pb30J 8.359 6595 3300 l-g I gas k 0.3683 0.7440 408.1 3412

z r + SiO~ 4.098 2233 1687 solid I s-l r o~ o~oo 2997 1~~8—

s

I
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Table lb - Thermite Reactions (in Descending Order of Reactant Mixture Density)
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Table lb - Tbermite Reactions (in Descending Order of Reactant Mixture Density.) (cont.] ‘
:+.

reactants adiabatic reaction state of products r ~~vction~gas production
temperature (K)

.

constituents P’331D ? wio phase WIphase state of

r

state of I moles gas g of gas

m+
-.C?, -Q,

g/cm3 changes changes oxide metal I per 100 g per g calJg cal/cm3

Be+ Pb301 7.610 5673 3559 liquid / ~aS /~0.4157 I 0.861-! II 567.%. 4322 I

Al + 3Pbs04 7.428 5427 3253 I.g
31~0.4215 I 0.84.66 II 478.1.

l-g [ :: 1(-0 4665

3551

Be+ PbOz 7.296 g@~ 4123 ! 0.8250 II .875.5 6387

Al + 3Pd0 7.281 5022 3237 liquid [ l-g i~O.6577 ,++0.6998 I 754.3 5493

Nd + 3Ag0 7.244 7628 3602 liquid I gas /~0.4544 I 0.4902 II 625.9 --l

Al + BiZ03 7.188 3995 3253 l-g 1 :x f_o.4731 0.8941 II 506.1 I j~l

Al + 3Pb02 7.085 6937 3253 l-g I gas 1~0.5366 0.9296 Ii-j 185 I

Nd + WO~ 7.074 5438 ..$~45 liquid I liquid ~1 0.0000

.A

0.0000 II 446.1 I 3156

Y + 3Pd0 7.020 8097 3137 liquid I l-g a ~0.4183 5371

Y + 3PbOz 6.875 9166 >4572 ~as I gas I 0.4659 751.0 I 5163 I

La+ 3Ag0 6.827 8177 4173 liquid I gas ~0.4619

‘=*61 ‘

4416

h + Si02 6.732 3813 -.?b?g solid ] l-: [ 0-.34 ~jg.~ “Eq

Nd + 3CU0 6.719 5921 2843 liquid I l-g ~0.3699 4054

rh + 2BZ01 6.688 3959 3135 solid I liauid ~0.0000 O.iOO II 337.8 2259

La + WOS 6.572 5808 4367 liquid I liquid ~0.00tXl 0.0000 ~1 445.8 I :?930 /

r + 2Cu0 6.400 6103 2843 solid I l-g ~0.5553 0.3529 lm1818 1

41+ 3Agz0 6.386 .$941 2436 liquid I l-g .~O.4298 0.4636 II 504.8 I 3224 I

IA] + 3Taz05 6.339 3055 2452 liquid / solid /—O.OOOO 0.0000 I-F]

)Y + 3Taz05 6.316 5564 >4572 l-g \ liquid rO -.23 I 0-.51 II 469.7 I :!966 I

.a + 3CU0 6.263 6007 2843 liquid \ l-g :1-o.3737 I 0.2374 /l 606.4 I :Fl

Qd+ 3MnOz 6Q4 ] 5194 32$7 Iiquid I gas

f+ SiOz 6,224 2117 1g~g solid I liquid .~0.000Q

-If+ 2BZ03 6125 ~bj(j 2575 solid I liquid I 0.0000

11+ 3Ag0 6.085 7503 3153 /-: ~ g= ~0.7519 I 0.8083 II 896.7 I 5457 I

vlg+ Pb~O~ 5.965 5883 3873 ]-g i gas ‘/_ O.4216 I 0.8095 ~ 556.0 I 3316 I

)Nd + 31zO~ 5.896 ,10067 <7580 gas ; gas ~0.3273 I 1.0000 // 84o.6 I -1956 I
+ 2CU0 5.830 5569 2843

E

liquid ~ !-g po.3242 I 0.2060 il 730.5 ( -1259 1,

~r+ 2Fez03 5.74’4 4fj~6 3135 liquid I !-g ~0.0820 I 0.0458 I 666.2 I 3827 I

.a + 3MnOz 5.730 5270 31Q() liquid ! g= ~0.367J / 0.2019 :i 593.4 I 3406 It

.a + FezOl 5.719 4590 3135 liquid ;-g ~’ 0.123: I 0.0685 ~ 529.6 I 3034 ~

!r + 2Crz03 5.713 2915 2650 II solid i ;iq~]ci \ 0.0000 I 0.00U0 I 423.0 I 2417 ~

f + wo~ 5.677 g~96 >4572 gas licuid l_!).2wl ‘\ .6.5512 ,1.“ 73i.i - I :*157 !!

k + Fe30~ 5.668 4103 3135 I liquid ~ l-~ ~0.0277 I 0.0155 i 625.1 \ 3543 i!

) + 3CU0 5.665 4748 2843 II g~ : ~-r ~0~63 I o~~~o ! 7381 I -$1~~ !~
+ Mn02 5.647 5385 2983 I s-i ~ ~; ~0.5613 I 0.308~ ~ 778,7 \ 4398 :/

‘ + 3SnOz 5.604 70~~ 4573 II l-g - T37 -.62 1 .: -’i ~~“726.1 i -!.068 -‘i-22.

J + 3Sn0 5.540 3~jg I 2876 / liquid -g ~0.10~0 ~ 0.12~0 ‘ 427..0, ~ 2366” ~

La + 31zO~ 5.501 9107 >4472 I gas zs ~3.334- ! l.@WJ .; .:849.2 i 2672 ~

J + Wos 5.458 5544 3253 I l-g :iclulci I 9.143: : 0.1+: .:’” 696.4” \ 3801 1

‘ + 3CU0 5.404 7668 I 3124 liquid , {-g ~0.7204 ~ 0.4577 ““/ ‘926.7-, ~‘j~(XJi ~

J + 3SnOz 5.356 5019 I 2876 ] liquid i l-g ~0.2928 i 0.=76 i 686{8 . I 367’8 ‘.-;1.:
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Table lb - Thermite Reactions (in Descending Order of Reactant Mixture Density) (cont.)

reactants adiabatic reaction state of products gas production heat of reaction
temperature (K)

constituents PTMD, WIOphase WIphase state of state of moles gas g of gas -Q> -Q,
Jo cm3 changes changes okide metal per 100 g per g calJg cal/cm3

12.M- 3cu~o 5.280 4132 2843 liquid / 1-: / 0.1221 0.0776 575.5 3039

‘3M +3Ni0 j.~14 3968 3187 liquid I l-g I 0.0108 0.0063 822.3 \ 4288

Le + CUO 5.119 3761 28~0 s-1 I liquid 0.0000 0.0000 1221 6249

~.M + 3CU0 5.109 5718 2843 liquid I l-g I 0.5400 0.3431 974.1 4976

~2A] + 3CO0 5.077 3392 3~o] liquid / l-g I 0.0430 0.0254 824.7 4187

3Ti + 2Fe10: 5.010 3358 2614 liquid I liquid I 0.0000 0.0000 612.0 3066

Ti + Fe~OJ 4.974 3113 2334 liquid I liquid / 0.0000 0.0000 563.0 2800

3Ti + 2CrzO~ 4.959 1814 1814 solid / solid II 0.0000 0.0000 296.2 1469

16.M+ 3U~O~ 4.957 1406 1406 I solid I solid I 0.0000 0.0000 4.87.6 2417

Ti + hlnO~ 4,826 3993 2334 liquid ~ [-g i 0.3783 0,~078 752.7 3633

8Y + 3Fe:0, 4.803 5791 3135 liquid I l-g II 0.3812 0.2129 856.3 I 4113

8A] +~Co@~ 4.716 3938 3201 liquid I /-: II 0.2196 0.1?94 1012 4772

4Y + 3MnO: 4.690 7405 <5731 gas i gas II 0.8110 1.0000 1o~~ 4792
I~B + F,:O, 4.661 2646 2065 liquid I liquid II 0.0000 0.0000 590.1 2751

8B + 3Fe:O~ 4.644 2338 1903 liquid I liquid I 0.0000 0.0000 530.1 2462

1OY i- 31:05 4.638 1~4]6

3955 ml ::::; :::: ::~: :~::

>4573
~Y + .Yi.oq 4.636 7614

2B + Cr:O~ 4.590 977 917

E

liquid I solid ~ 0.0000 0.0000 182.0 835.3
~y + ~@3 4.567 8778 >4572 gas I liquid !I 0.6215 I.0000 1005 4589

4B + 3MnO: 4.394 3000 2133 l-g I liquid I 0.3198 0.1715 773.1 3397

8Al + 3Fe~Ol 4.264 4057 3135 liquid / ]-: d 0.0549 0.0307 878.8 I 3747

2.M + Cr:O: 4.190 2789 ~3~7 s-1 [ liquid ~ 0.0000 0.0000 622.0 ~@)6

-$Be + Fe:O, 4.180 4482 3135 liquid ! l-g ~1 0.0336 0.0188 1175 I 4910
~.~] ~ Fe:O~ 4.175 4382

3135 *I ::i:$ ::::; 1:”4 ::~1

3135 I liquid ~

3Be + Fe:O: 4.163 4244

8Li + Pb:Oi 4.133 4186 2873 ]-: ~ liq~id ~] 0.1655 0.0496 536.7 I 2218

1OA1+ 31~0$ 4.119 8680 >3~53 / S= i ~= ‘1 0.6293 1.0000 1436 / 61~~

z r + SiO. 4.098 ~~33 1687 II solid i s-l ~i 0.0000 0.0000 299.7 I 1228

10.41 + 3Nb:Of 4.089 3~40 2705 liquid ! solid ~ 0.0000 0.0000 600.2 / 2454

3Be + Cr30~ 4.089 “3107 2820 I s-l ~ liquid 8 0.0000 0.0000 9*5.() I 374,
~.+] + .NizO~ 4.045 5031 3187 I liquid ~ !-z ~ 0.4650 0.2729 1292 / 5229

p.Al + 3hfnOz 4.014 4829 2918 / liquid g: ~~ 0.8136 0.4470 ]159 / 465] /
~[loy + 3\T@5 3.970

1=1=

7243 >3652 II 1-: ; gas ~ 0.2130 0.4181 972.5 / 3861 I
l~~!g- CUO 3.934 6502 2843 II solid = 0.8186 0.5201 1102 / .$336 /]-e

~2Ee+ hln02 3.882 6078 2969 // liquid ~ gas i 0.9527 0.5234 1586 I 6!j~ ]

;/2..4!+ Moo: 3.808 5574 3253 II I-Q ~]~ui~ f! ().~4~5 ().~’$73 112-$ I Q-9 /1
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Table lb - Thermite Reactions (in Descending Order of Reactant Mixture Density) (cont.)

~

reactants adiabatic reaction state of products gas production heat of reaction
temperature (K)

constituents fhllD ! wlo phase WIphase state of state of moles gas g of gas -Q, -Q>
g/cm3 changes changes oxide metal per 100 g per g callg cal/cm3

51fg - Cr:O: 3.164 3788 2945 solid ].g 0.1023 0.0532 813.1 2573

Ilo.u + 31’:o~ I 3.107 3953 3273 l-g liquid 0.0699 0.0356 1092 3394

!7\lg - hlnOz 2.996 5~09 3271 liquid I gas 0.7378 0.4053 1322 3961

‘“Ti - 2BzOl 2.791 1498 1498 solid solid 0.0000 0.0000 276.6 772.0

U.\] - 3SiO~ 2.668 2010 1889 soiid liquid 0.0000 0.0000 513.3 I370

~.11 - B203 ~.5-J4 ~6~1 2327 s-1 solid 0.0000 0.0000 780.7 1971

bLi - VV’O: 2.478 3700 2873 @ solid 0.0113 0.0034 825.4 2046

‘2Li - CUO 2.432 4152 2843 liquid [-g 0.2248 0.1428 1125 2736
~~Bt + SiQ 2.410 2580 2482 solid liquid 0.0000 0.0000 936.0 2256

~.231: + SiOz 2.148 3401 2628 solid @ 0-.92 () - .~6 789.6 1695

:6Li + FezO~ 1.863 3193 2510 liquid liquid 0.0000 0.0000 1143 2130

I Be + BZOS 1.850 3278 2573 liquid I s-1 0.0000 0.0000 1639 3033

‘6Li + Crz05 1.807 2151 1843 s-1 solid 0.0000 0.0000 799.5 1445
~‘Jfg + BQ 1.785 6389 3873 ]-: liquid 0.4981 0.2007 2134 1195

:6Li + \loO~ 1.688 4035 2873 l-: solid 0.2155 0.0644 1342 2265

4Li + >fnOl 1.656 3336 2334 liquid [-g 0.4098 0.2251 1399 2317

;-$Lii- SiO. 1.177 1712 1687 solid s-1 0.0000 0.0000 763.9 898.7

~Li + BzOj 0.891 2254 1843 s-1 solid 0.0000 0.0000 1293 1152

~8Li+ FesOl 0.517 3076 2412 liquid liquid 0.0000 0.0000 I053 203~
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Table lC - Thermite Reactions (in Descending Order of Heat of Reaction per Unit Mass)

reactants

constituents

@m3. EE ‘:gg “z: H

(hlD ,

3Mg + B@: 1.785 6389 3873 ]-g liquid 0.4981 0.2007 2134 1195

3Be + BZO: 1,S50 3278 2573 liquid s-1 0.0000 0.0000 1639 3033

2Be + MnO: I 3.882 6078 2969 liquid gas 0.9527 0.5234 1586 6158

10A1+ 31?0: 4.119 8680 >3~53 ~as gas 0.6293 1.0000 1486 6122

4Li + MnO: 1.656 3336 2334 liquid l-g 0.4098 0.2251 1399 2317

6Li -t MoO? 1.688 4035 2873 l-g solid 0.2155 0.0644 1342 ~~6j

2Mg + MnO: 2.996 5~09 3271 liquid ?as 0.7378 0.4053 1322 3961

6Li + BzO~ 0.891 ~~54 1843 s-1 solid 0.0000 0.0000 1293 1152
~A1+ N1zO~ $.045 5031 3187 liquid ]-g 0.4650 0.2729 1292 5229

3Be+ FezO: 4.163 4244 3135 liquid @ 0.1029 0.0568 1281 5332

Be + CUO 5.119 3761 2820 s-1 liquid 0.0000 0.0000 ]z~l 6249

4 Be + FeIOl 4.180 -$482 3135 liquid l-g 0.0336 0.0188 1175 4910

4Al + 3hfn02 4.014 4829 2918 liquid gas 0.8136 0.4470 1159 4651

1OY + 31~o: 3.638 1~416 >4573 gas gas 0.4231 1.0000 1144 5308

6Li + FezOj 1.S’63 3193 2510 liquid liquid 0.0000 0.0000 1143 ~]qo

~L] + Cuo 2.432 4152 2843 liquid ]-g 0.2248 0.1428 1125 2736

T. .41+ MOOS 3.808 5574 3253 I-g liquid 0.2425 0.2473 1124 4279

2Y + Niz03 4.636 7614 3955 liquid gas 0.5827 0.3420 1120 5194

3M? + FezO; 3~~4 4703 3135 liquid ]-g 0.2021 0.1129 1110 3579

M g + Cuo 3.934 6502 2843 solid [-g 0.8186 0.5201 1102 4336

1OA1+ 3V:OT 3.107 3953 3273 ]-g liquid 0.0699 0.0356 1092 3394

8Li + FejO~ 0.517 3076 2412 liquid liquid 0.0000 0.0000 1053 ~036

4Mg + Fe:OJ 3,:74 4446 3135 liquid ]-g 0.1369 0.0764 1033 3383

-1Y + 3AfnOz 4.690 7405 <5731 gas gas 0.8110 1.0000 1022 479?

8Al +3CojOJ 4.716 3938 3201 liquid l-: 0.2196 0.1294 1012 4772

2Y + Moos 4.567 8778 >4572 gas liquid 0.62!5 1.0000 1005 4589

2.41+ 3CU0 5.109 5718 2843 liquid l-g 0.5400 0.3431 974. I 4976

1OY + 3V205 3.970 7243 >3652 ]-g gas 0.2130 0.4181 972.5 3861
~.4] + Fez05 4-.175 4382 3135 liquid ]-g 0.1404 0.0784 945.4 3947 1
2Be + SiO1 ~,qlo 2580 2482 solid liquid 0.0000 0.0000 936.0 ~~56 /

2Y + 3CU0 5.424 / 7668 3124 liquid i-g 0.7204 0.4577 9?6.7 5008

3Be -i-CrzO~ 4.089 3107 2820 s-1 liquid 0.0000 0.0000 915.0 3741

12Al+ 3Ag0 6.085 7503 3253 ]-g gas 0.7519 0.8083 896.7 5.$57

~<.%1+ 3Fe30~ 4.%4 4057 3135 liquid I.g 0.0549 0.0307 878.8 3747
r
;2Be + PbO~ 7.296 gfj~~ 4123 ]-: gas 0.4665 0.8250 875.5 6387

18Y + 3Fe:O~ 4.s03 5791 3135 liquid 1-: 0.3812 0.2129 856.3 -$113

i IOLa + 31zOj 5.501 9107 >4472!
l~lONd+ 31205 I 5.896 ~0067 <7580

gas gas 0.3347 1.0000 849.2 I 4672 II

gas gas 0.3273 1.0000 840.6 I 4956 ~

~:;y, ::c:o 2.478 3700 2873 j-g solid 0.0113 0.0034 825.4 / 2046 ji

5.077 3392 3201 liquid ]-g 0.0430 0.0254 824.7 4187 I

~.%1+3Ni0 5.21-I 3968 3187 liquid l-g 0.0108 0.0063 822.3 4288 /
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Table lc- Tbermite Reactions (in Descending order of Heat of Reaction per Unit filass) (cont.)

reactants

constituents pThlD ,

g/cm3

3Mg + Crz03 3.164

6Li + Cro03 1.807

2Mg + SiOz 2.148

2A] + BzO~ 2.524

Zr + MnOz 5.647

4B + 3MnOz 4.394
~Y + 3pd0 7.020

4Li + SiOz 1.177
~Al + 3Pd0 728 ~

Zr + 2CU0 6.400

RR--w
~B + 3Cu0 5.665

2Y + WOJ 5.677

4A1 + 3PbOl 7.085

Ti + 2CU0 5.830

4Y + 3Sn01 5.604

2AI + WOJ 5.458

4A1 + 3SnOz 5.356

3Zr + 2Fez03 5.744
~Ta + 1,0~ 7.615

K%%--K%
WR-1--%
2Nd + 3CU0 6.719

10AI + 3NbzO~ 4.089

4La + 3MnOl 5.740

2B + Fez03 4.661

.4Nd + 3MnOT 6.241

Es%?=%%
Hf + 2CU0 8.332

Ti + Fe20i 4.974 I

=

h + 2CU0 I 8.582

Mg + Pb30J 5.965

8Li + Pb30J \ 4.133

2La + 3Pd0 7.769

Hf + MnOz 8.054

adiabatic reaction state of products gas production heat of reaction
temperature (K)

WIOphase WIphase state of state of :molesgas g of gas -Q, -Q,
changes changes oxide metal per 100 g per g caUg caUcm3

3788 2945 solid ]-g 0.1023 0.0532 813.1 2573

2151 1843 s-1 solid 0.0000 ] 0.0000 799.5 1445

‘3401 2628 solid ]-g 0-.92 0..26 789.6 1695

2621 2327 s-1 solid 0.0000 0.0000 780.7 1971

5385 2983 s-1 g!as 0.5613 0.3084 778.7 4398

3000 2133 l-g liquid 0.3198 0.1715 773.1 3397

8097 3237 liquid ]-g 0.4183 0.4451 768.1 5371

1712 1687 solid s-1 0.0000 0.0000 763.9 898.7

5022 3237 liquid l-g 0.6577 0.6998 754.3 5493

6103 2843 solid p: 0.5553 0.3529 752.9 4818

3993 2334 liquid pg 0.3783 o.~078 752.7 3633

9166 >4572 gas gas 0.4659 1.0000 751.0 5163

4748 2843 gas l-g 0.4463 0.2430 738.1 4182

8296 >4572 gas liquid o.~~~1 0.5512 732.2 4157

6937 3253 l_g gas 0.5366 0.9296 731.9 5185

5569 2843 liquid l-g 0.3242 o~060 730.5

z

4259

7022 4573 [-g gas .37- .62 .44-1 726.1 4068

5544 3253 I-g liquid 0.1434 0.1463 696.4 3801

5019 2876 liquid ]-g o~928 0.3476 686.8 3678

4626 3135 liquid ]-g 0.0820 0.0458 666.2 3827

8462 7240 gas gas 0.2875 I .0000 648.6 4939

8177 4173 liquid I gas 0.4619 0.4983 646.7 4416

7628 3602 liquid : as 0.4544 0.4902 615.9

4

4534

4103 3135 liquid [ ]-g 0.0277 0.0155 625.1 3543

2789 2327 s-I I liquid 0.0000 0.0000 62?.0 2606

3358 2614 liquid [ liquid 0.0000 0.0000 612.0 3066

6007 2843 liquid I ]-g 0.3737 o.~374 606.4 3798

5921 2843 liquid / ]-g 0.3699 0.2350 603.4 4054

3240 2705 liquid I solid 0.0000 0.0000 600.2 2454

5270 3120 liquid I gas 0.3674 (3.~o19 593.-1 3406

2646 2065 liquid I liquid 0.0000 0.0000 590.1 I~7j 1

5194 3287 liquid I gas 0.3580 0.1967 589.9

+

3682

4132 2843 liquid I ]-g ol~~l 0.0776 575.5 3039

5673 3559 liquid I g3s 0.4157 0.861-$ I 567.8 4322

5974 2843 solid I I-g

3113 2334 liquid I liquid =’ = I d
7743 2843 solid I l-g

5883 3873 l-g I gas -W::: ~
4186 2873

~ l-S k =w_l

l-g I liquid

5635 3237 liquid

5644 3083 s-1 gas l\ 0.3263 I 0.3131 I/ 534.6 / 4305 #

14
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Table lc- Thermite Reactions (in Descending Order of Heat of Reaction per Unit Mass) (cont.)

reactants adiabatic reaction state of products gas production heat of reaction
temperature (K)

constituents PTMD, WIOphase WIphase state of state of moles gas g of gas -Q, -Q,
g/cm3 changes changes oxide metal per 100 g per g caUg cal/cm3

~Nd + 3pd0 8.297 6197 3237 liquid [ 1.: 0.2394 I 0.2547 532.7 44~()

8B + 3FeJO~ 4.644 2338 1903 liquid I liquid 0.0000 / 0.0000 530.1 2462

2La + FezO~ 5.729 4590 3135 liquid ].: 0.1234 0.0689 529.6 3034

Th + MnOz 8.391 7151 3910 liquid gas 0.5135 0.1722 529.2 4440

4La + 3PbOz 7.629 7065 >4472 gas

‘-

gas [/ 0.3927 I 1.0000 518.8 3958

4Nd + 3PbOz 8.148 6938 <5284 gas ~as 0.3S62 \ 1.000Q 517.8 4219

4A1 + 3SiOz 2.668 2010 1889 solid liquid I 0.0000 ] 0.000Q 513.3 1370

2A1 + Biz03 7.188 3995 3253 l-g gas II 0.4731 I 0.8941 506.1 3638

?.A1 + 3Ag10 6.386 4941 2436 liquid

4Al + 3WOZ 8.085 4176 3253 l-g ::d Iwl ::: :: “
16AI + 3u30g 4.957 1406 1406 solid solid 0.000a I 0.000o 487.6 2417

Th + PbOz 10.190 10612 4673 ]-: gas II 0.:S 17 I 0.623 I

8Al + 3Pb30J 7.428 5427 3253 ‘+ :;:: ::::
3Th + 2FezOl

l-~ I gas / (),~~*j

8.280 6287 3135 solid I l-g I 0.2619 I 0.1463 I 477.9 3957

2Al + 3Hg0 8.986 7169 3253 l-g gas II 0.5598 / 0.9913 I 476.6 4282

3Hf + 2Fez03 7.955 5031 2843 solid I 1-: II 0.2117 ~ 0.1183 473.3 3765

1OY + 3TazOf 6.316 5564 >4572 ‘+ 4697 ~ 2966l-g I liquid // 0-.23
~Ta + 5Ago 9.341 6110 2436 liquid I I-Q II 0.4229 I 0.-$562 / 466.2 4355

2Th + Fe30J 8.092 5912 3135 solid I l-~ II 0.2257 \ 0.1261 \ 458.5 3710

2Hf + Fe~OJ 7.760 4802 2843 solid I l-g II 0.1S35 / 0.1025 II 450.4 3496

2Nd + WO~ 7.074 5438 4245 liquid / liquid {1 0.0000 / 0.00U0 II 446.1 3156

2La+ WO~ 6.572 5808 4367 liquid / liquid II 0.0000 / 0.0000 II 445.8 ~930

3Zr + 2BZ03 3.782 2730 2573 solid I s-1 !j 0.2930 1 0.0317 11 337.4 1654

2Al + 3Sn0 5.540 3558 2876

~E

liquid / l-g !I 0.1070 / 0.1270 II 427.0 2366

3Zr + 2CrzO~ 5.713 2915 ~650 solid I liquid I 0.0000 I 0.00CQ II 423.0 2417

2Zr + PbsOi 8.359 6595 3300 l-g ~ gas :1 0.3683 I 0.7d~0 /l 408.1 3-$12
~Nd + 3H:() 9.430 7020 <5374 gas I gas

+

I 0.~263 / 1.0000 II 392.7 / 3703
~La + 3Hg0 8.962 7140 >4472 1-: / gas ;! .52 -.43 I .65- I # 39n.0 I 3513

2Ta + 5CU0 9.049 4044 2843 liquid I l-g ~ 0.0-76 I 0.0493 ~~ 390.3 I 3532

8Nd + 3PbJO~ g.~lg liquid I / 0.2S03 / 0.580!3 jl 379.65553 3958 g~~ 3]~(3

8La+ 3PbqOJ 7.7s9 5628

4Al + 3Ti02 3.590 1955 ::: “W; ::= i ::: ! = I ~::~ 1
4Nd + 3WOZ 9.016 4792 3778 liquid \ liquid \ O.WOO 1 0.0000 / 362.9 I 3272 I

4La + 3WOZ 8.366 3826 3218 liquid / solid / 10.(OOCI I O.(KXX)1/ 361.2 I 3022 I

2Th + Pb30q 9.845 8532 4673 I l-g ~ sas i 3.2695 I 0.5653 ~\ 360.5 / 3549 I

2Ta + 5Pd0 11.472 4344 b ‘)o:;53237 I IiquId ~ 0.06i2 ~ 360.4 \ 4135 I

2Ti + Pb~OJ 8.087 5508 2498 II liquid ~ gas ‘ 2.3S39 ~ 0.~955 ~ 358.1 I 2896 /,

21-if+ PblOJ 9.775 9382 il liquid ;4410 gas ):!;- ! ().:96: j 345.9 I 3381 //

4?-:}+ 5PbOz 11.215 4935 3472 II liquid ~ gzs ‘ 1.25W i 0.53?- ~ ?38.6 / 3797 i

3-i-h + 2BzO~ 6.688 3959 3135 1! solid i iiauia i 1).CK20Q! 0.MY30 I 337.8 / 2259 I

2A1+ 3Pb0 8.018 3968 2327 II s-l j :X { 0.:1~6 ~ 0.8591 I 337.-$ I 2705 /

15
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Table lc- Thermite Reactions (in Descending Order of Heat of Reaction per Unit Mass) (cont.)

reactants adiabatic reaction state of products gas production

~P-

heat of reaction
temperature (K)

constituents PTMD T wlo phase wl phase state of state of moles gas g of gas -Q, -Q,
g/cm3 changes changes oxide metal per 100 g per g cal/g cal/cm3

IOA1+ 3TazO~ 6.339 3055 2452 liquid solid O.0000 0.0000 335.6 ~128

3Th + 2CrzOs 8.300 4051 2945 solid @

4

0.0590 [ 0.0307 334.5 I 2776

8B + 3Pb30~ 8.223 4217 2019 liquid ]-g 0.4126 I 0.8550

5

326.9 ~cgg

3Hf + 2Crz03 7.971 2721 2572 solid liquid O.OQOO O.0000 3(32.3 2410

Zr + Si02 4.098 2233 1687 solid s-1 O.0000 I O.0000 299.7 1~~8

3Hf + 2BZ03 6.125 2656 2575 solid

scJid w :::i %

liquid

3Ti + 2Crz03 4.959 1814 1814 solid

2La + 3Pb0 8.207 4598 2609 liquid gas

3Ti + 2B103 2.791 1498 1498 solid solid ml :~:~ 2:.0
2Ta + 5Hg0 12.140 5285 <4200 liquid gas 0.3460 I 0.6942 I 263.3

a

~1~()

Th + SiOz 6.732 3813 2628 solid l-g o-.34 / 0-.10 [ 258.2 1738

6Ta + 5Fez03 9.185 2383 2138 solid liquid O.0000 I O.0000 / 235.0 a
8Ta + 5Pb30i 10.510 3601 2019 solid l-g 0.2990 I 0.6196 225.0 !2365

6Ta + 5W03 9.876 2883 2633 liquid solid O.OQOO [ O.0000 I 206.2 ~036

Hf + SiOz 6.224 2117 1828 solid liquid O.0000 \ O.0000 ~03.3 1265

2B + Crz03 4.590 977 917 liquid solid O.0000 [ O.0000 182.0 [ WI

2Ta + 5Pb0 10.640 2752 2019 solid l-g 0.1475 \ 0.3056 154.5 1644

4Ta + 5WOZ 13.515 2556 2196 liquid solid O.owo I O.0000 145.1

4

1962

Ti + Si02 3.241 715 715 solid solid O.0000 I 0.00W I 75.0 [ 243.1
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Table Id - Thermite Reactions (in Descending Order of Heat of Reaction per Unit Volume)

reactants adiabatic reaction
temperature (K)

constituents pT\lD * WIO phase WIphase
glcm3 changes changes ‘%RH

Be + PbOz 7296 8622 4]~3 ]-g gas 0.4665 0.8250 875.5 6387

e + CUO 5.119 3761 ~8~o s-l liquid 0.0000 0.0000 1221 6249

Be + MnOz 3.882 6078 2969 liquid gas 0.9527 (3.5234 1586 6158

3AI -i-31zOj 4.119 8680 >3~53 gas gas 0.6293 1.0000 1486 61~~

41 + 3Pd0 7~81 5022 3237 liquid I.g 0.6577 0.6998 754.3 5493

AI -t 3Ag0 6.085 7503 3253 I-g gas 0.7519 0.8083 896.7 5457

Y + 3Pd0 7.020 8097 3237 liquid ]-g 0.4183 0.4451 768. I 5371

Be + FezO~ -t.163 4244 3135 liquid @ 0.1029 0.0568 1~81 5332

)Y + 31zOf 4.638 1~416 >4573 gas gas 0.4231 1.0000 1144 5308

41 + NizO~ 4.045 5031 3187 liquid @ 0.4650 ().~7~9 1292 5~m9

Y + NizOq 4.636 7614 3955 liquid gas 0.5827 0.3420 1]~() 5194

k] + 3PbOl 7.085 6937 3253 ]-g gas 0.5366 0.9296 731.9 5185

f i- 3PbOz 6.875 9166 >4572 gas s as 0.4659 1.0000 751.0 5163

f + 3CU0 5.404 7668 31~4 liquid l-g o.7~04 0.4577 926.7 5008

41+ 3CU0 5.109 5718 2843 liquid ]-g 0.5400 0.3431 974.1 4976

)Nd + 31zO~ 5.896 10067 <7580 gas gas 0.3273 1.0000 840.6 4956

ra + IZ05 7.615 8462 7~40 gas gas 0.2875 1.0000 648.6 4939

I + PbOl 10.190 10612 4673 p: gas 0.2817 0.6231 482.8 4922

le + Fe~OJ 4.180 4482 3135 liquid ]-g 0,0336 0,0188 1175 4910
+ Qcuo 6.400 6103 2843 solid ]-g 0.5553 0,3529 752.9 4818

] + ~cuo 8.582 7743 ~833 solid ]-g 0.4301 0.342 I 558.7 4795

f + 3MnOj 4.690 7-$05 <5731 gas gas 0.8110 1.0000 1022 4792

il +3C0304 4.716 3938 3~ol liquid l-g o~\96 0.1294 1012 4772

‘+ 2CU0 8.332 5974 2843 solid l-g 0.3881 0.2466 567.6 4730

La + 31zOf 5.501 9107 >4472 gas gas 0.3347 1.0000 849.2 4672

d + 3Mn02 4.014 4829 ~9]8 liquid gas 0.8136 0.4470 1159 4651

‘ + M003 4.567 8778 >4572 gas liquid 0.6215 1.0000 I005 4589

{d+ 3Ag0 7.244 7628 3602 liquid gas 0.4544 0.4902 625.9 4534

t+ MnOz 8.391 7151 3910 liquid gas 0.3135 0.1722 529.2 4440

[d + 3Pd0 8297 6197 3237 liquid I-g ().2394 ().2547 532.7 qq~o

a + 3Ag0 6.827 8177 4173 liquid gas 0,4619 0.4983 646.7 4416

+ MnOz 5.647 5385 2983 s-1 gas 0.5613 0.3084 778.7 4398

‘a+ 5Ag0 9.341 6110 2436 liquid ]-: 0.4229 0.4562 466.2 4355

: + Cuo 3.93$ 6502 2843 solid l-g 0.8186 0.5201 I 102 4336

e + PbtOd 7.610 5673 3559 liquid gas 0.4157 0.8614 567.8 -$322

+ Mn02 8.054 5644 3083 s-l gas 03~63 0.3131 534.6 .$305

.1+3Ni0 5.214 3968 3187 liquid ]-g 0.0108 0.0063 A-.87? 3 4288

1+ 3Hg0 8.986 7169 3~53 @ gas 0.5598 0.9913 476.6 4282

1+ MoO1 3.808 5574 3253 l-: liquid o,Q425 ().2473 1124 4279 ~i

+ 2CU0 5.830 5569 1843 liquid p: 0.324? 0.2060 730.5 4259

d + 3PbOz 8.148 6938 <5284 gas gas 0.3862 1.0000 517.8 4219 J
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Table Id- Thermite Reactions tin Descending Order of Heat of Reaction per Unit Volume) (cont.)

reactants adiabatic reaction state of products

5

F

gas production

i

heat of reaction
temperature (K)

constituents !-%lD * W1O phase WIphase state of state of moles gas g of gas -Q, cal/g -Q,
0 cm~ oxide metal

I (077 (1 C:3T I C:o;es

~er 100 g “per g cal/cm3

2.41+ 3CO0 liquid l-g 0.0430 0.0254 824.7 4187
~B ~ 3Cu0 \ 5.665 II 474s I 2843 gas ].lg 0.4463 0.2430 738.1 4.182

2La + 3Pd0 I 7.769 II 5635 I 3237 liquid l-g 0.2450 O.zfjo(j 536.2 4166

12Y+ M-o, I 5.677 II 8296 I S572 ~as

I 11.472 II J3-!-$ } 3237

liquid 0.2441 0.5512 732.2 4.157

2Ta + 5Pd0 liquid 1-: 0.0575 0.0612 360.4 4.135

8Y + 3Fe:0, I 4.803 II 5791 I 3135 liquid ]-g 0.3812 0.2129 856.3 4.113

pY + 3srlo, I 5.604 l\ 7022 I -$573 ].g gas 37-.62 .44-1 726.1

+

4068

2Nd + 3CU0 I 6.719 ~1 5921 I 2843 liquid ]-g 0.3699 0.2350 603.4 4054

-$.41+ 3WO: I 8.085 } 4176 I 3253 ]-g solid 0.0662 0.0675 500.6

4

4047

2Mg + \fnO~ I 2.996 5209 / 3271 liquid ~as 0.7378 0.4053 13~~ 3961

-lLa + 3PbO: I 7.629 ( 7065 >4472 gas ~as 0.3927 1.OQOO\ 518.8 3958

3Th + 2Fe:Os [ 8,280 \ 6287 3135 solid ]-g 0.2619 .0.1463 477.9 3957
~+41+ FezO: 14.175 I 4382 3135 liquid ].: 0.1404 0.0784 945.4 3947

10Y + 3v:oj I 3.970 1 7243 >3652 ]-: gas ()~130 0.4181

I 5.74-$ I 4626 1 3135

97~.5
‘!

3Zr + 2Fe205 liquid l-g ~ 0.0820 0.0458 666.2 3827 I
Z-4]+ \f’o: I 5.458 1 554-$ ( 3253 I.g liquid 1( 0.1434 0.1463 696.4 3-I
~La + 3Cu(3 [ 6.163 I 6007 ~84.3 liquid l-g 0.3737 o~374 606.4 3798

4Ta + 5Pb02 11.215 4935 3472 liquid gas 0.2604 0.5397 338.6 3797

3Hf + 2Fe:03 7.955 503] 2843 solid j-g 0.2117 0.1183 473.3 } 3765 I

8A1+ 3Fe30~ ~~j-$ 4057 3135 liquid @

1

0.0549

‘t———

0.0307 I 878.8 I :-l

3Be + Crz05 4.089 3107 I ~820 s-l liquid 0.0000 0.0000 I 915.0 / 3741 /

2Th i- Fe504 I 8.092 I 591? \ ;135 solid @ (),~~57 0.1261 1~3710 \

2Nd + 3Hs0 1 9.430 ] 7020 I <5374 gas gas 0.4263 1.0000 l-~3703 I

-1Nd + 3Lfn02 / 6.241 }] 5194 I 3287 liquid gas 0.3580 0.1967 /~m36S2 I

-1Al + 3SnO: 5.356 5019 2876 liquid ].: ro~9~8 0.3476 II 686.S I 3678 I

?.41+ Bi~O; I 7.18S ~1 5995 3253 l-g gas

[

0.473 I 0.8941 II 506.1 I 363S I

Ti + MnOz \ 4.826 II 3993 { 2334 liquid ]-g 0.3783 0.2078 II 752.7 I 3633 1:
3Mg + Fezoq \ 3.224 1 4703 3135 liquid ]-g o.~()~1 0.1129 II 1110 I 3579 [

8Al + 3Pb:O~ 7.42s 1 5427 3253 ]-: gas 0.4215 0.8466 lm’ 3551 ]

2Th + Pb30J I 9.s45 [ S532 4673 l-g gas

/ ;::; I J103 1 3135

o~695 0.5633 II ‘360.5 I 3549 II

2Zr + Fe~Oj liquid ].: 0.0277 0.0155 // 625.1 I 35:3 1/
~Ta + 5CU0 -$0-$-$ ~s43 liquid ]-: 0.0776 0.0493 lm3532 ij

2La + 3Hg0 I S.962 7140 I ti472 ]-g gas .32 -.43 .65-1 il 392.0 I :3513 ‘~

2Hf + Fe301 ] 7.760 4802 I 2843 solid ]-g 0.1835 0.1025 II 450.~ ] :34~6 ‘~

2Zr + Pb~O$ I 8.359 I 6595 3300 ]-g gas 1 0.3683 0.7440 I J08.1 I 3412 ~

-1La -t 3.MnO? I 3.740 I 5270 31~o liquid / gas ~~ 0.3674 / 0.2019 !/ 592.4 / .3406 ~

4B + 3hlnO~ 1 4.39-! / 3000 1 2133 l-g I liquid ~l_ 0.3198 \ 0.1715 ~ 7-3.1 \ 3397 ~

1OA1- 3V:Of

I -.-77 II :;; / :;::
I 3.10, I 292> l-g I liquid II 0.0699 I 0.0356 I 1092 \ ?39~ i

4M: + Fe~OA .J -,- Iiquid l-g ]– 0.1369 I 0.0764 1 1033 I ;38~ ~

12Hf + Pb;O, I ;.~75 I 93s2 [ J-$lo liquid gas I 0.2877 0.596?

/ 5.965 /

1 Y5.9 ~ 3381 ~

iMg+ Pb.~OJ 5883 I 3873 ]-g ~as 0.4216 0.8095 !I 556.0 \ :3316 ~
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Table Id- Thermite Reactions (in Descending Order of Heat of Reaction per Unit Volume) (cont.)

reactants adiabatic reaction state of products gas production heat of reaction
temperature (K)

constituents PTMD, WIO phase WIphase state of state of moIes gas g of gas -Q, cal/g -Q,
J0 cm3 changes changes oxide metal per 100 g per g calJcm3

4.Nd + 3W02 9.016 4792 [ 3778 liquid liquid 0.0000 0.0000 362.9 3272

2A] + 3.@(3 6.386 4941 I 2436 liquid 1.: 0.4?98 0.4636 504.8 3~~4

XNd + WO~ 7.074 5438 4245 liquid liquid 0.0000 \ 0.0000 446.1 } 3156

8Nd + 3PbqO~ s~lg 5553 39j8 liquid gas 0~803 0.5808 379.6 31~o

2Ta + 5Hg0 1~,140 5285 I <4200 liquid gas 0.3460 0.69$2 263.3 3120

3Ti + 2FezO~ 5.010 3358 ~6]4 liquid liquid 0.0000 0.0000 612.0 3066

2A] + 3cu~o 5,~8(3 4132 2843 liquid ].: 0.1221 0.0776 575.5 3039
~La + Fezoj 5.729 4590 ( 3135 liquid ]-: 0.1234 0.0689 529.6 / 3034

3Be + B~03 1.850 3278 2573 liquid s-1 0.0000 / 0.00’00 1639 3033

4La+ 3WOj 8.366 3826 { 3218 liquid solid 0.0000 0.0000 361.2 3022

1OY + 3Ta~Of 6.316 5564 ti572 ]-g liquid 0-.23 0-.51 469,7 2966

8La + 3Pb~O~ 7.789 5628 I 4049 liquid gas o~841 0.5886 378.6 I 2949

2La + WO~ 6.572 5808 4367 liquid liquid 0.0000 I 0.0000 I 445.8 I 2930

2Ti + Pb30j 8.087 5508 2498 liquid ~as 0.3839 I 0.7955 358.1 I 2896

T i + Fe.:OJ 4.974 3113 1334 liquid liquid 0.0000 I 0.0000 I 563.0 ~ 2800

3Th + 2CrzOJ 8.300 4051 2935 solid i-g “0.0590 I 0.0307 I 334.5 I 2776

2B + FeZ03 4.661 2646 I 2065 liquid liquid 0.0000 [ 0.0000 I 590.1 I 2751
~Li + Cuo ~.43~ A152 2843 liquid ]-g 0.2248 0.1428 I 1125 2736

2Al + 3Pb0 8.018 3968 ~3~7 s-l gas 0.4146 / 0.8591 I 337.4 I 2705

8B + 3Pb10j 8.223 4~17 ~o19 liquid @ 0.4126 I 0.8550 II 326.9 I 2688

2.41+ Crz03 4.190 Q7S9 ~3~7 s-1 liquid 0.0000 / O.0000 II 622.0 / 2606

3Mg + Cr@J 3.164 378S 2945 solid ]-g 0.1023 / 0.0532 II 813.1 / 2573

6Ta - 5FezOJ 9.185 2383 ~138 solid liquid 0.0000 \ 0.0000 II 235.0 \ 2558

8B + 3Fe30, 4.644 ~33s 1903 liquid

‘“’id p “’” ‘;’”.

liquid

1OAl + 3Nb:O~ 4.089 3240 ~705 liquid

I6A] + 3u30g 4.957 1406 1406 solid solid \ 0.0000 \ 0.0000 II 4S7.6 \ 2417

3Zr + 2CrlC)l 5.713 2915 2650 solid liquid I 0.0000 / O.0000 II 423.0 I 2417

3Hf + 2Crz03 7.971 ~7~ 1 2572 solid liquid I O.0000 I O.ouoo II 302.3 I 2410

2Al + 3Sn0 5,540 355S ~876

‘oid :: l== ~ :::

liquid

8Ta + 5Pb30J 10.510 3601 2019

2La + 3Pb0 s~07 4598 ~609 liquid gas ~ 0.3166 I 0.6561 ii 2s7.4 -.<j 7259

l$L i + MnOz 1.656 3336 2334 liquid ]-: 0.409s / 0.2251 ~~1399 / 2317

“6Li + MoOJ 1.688 4035 I ?873 l-g solid 0.2155 I 0.06-2 ~ 1342 ~ 2265

/3Th + 2BzOi 6.6s8 3959 I ;135 solid liquid / 0.00U0 ~ 0.0000 ~j 337.8 ! 2X9

12Be+ SiOz ~.-$lo ~186 1 ‘~872580 - _ solid liquid I 0.0000 I O.OQOO/i 936.0 i 2256

8Li + Pb~OJ 4.133 2873 ]-g liquid \ 0.1655 \ 0.0-$96 ;! 536.- 221S

6Li + Fe@3 1.S63 3193 2510 liquid liquid II 0.0000 ~ 0.MKH3 ~ 1113 ~ 2130

I1OA1+ 3Ta,0, 6.339 3055 2452 liquid / solid ‘~ 0.0000 O.NMO i 3?5.6 ~1~8

16L’+W03 2.47s 3700 2873 ]-g solid ]/ ‘ ~.(jos: ,0.0113 / --<,&_-.- ~~i6

1~$..i+ Fe,OJ ().517 3076 ~~lz liquid liquid II 0.0000 ~ 0.0000 / 1053 2036

/6~:~+ 5\vos 9.S76 ~S83 2633 liquid solid II 0.0000 \ O.0000 ~ 206.2 I 2036 J
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Table Id- Thermite Reactions (in Descending order of Heat of Reaction per Unit Volume) (cont.)

reactants adiabatic reaction state of products gas production

1

heat of reaction
temperature (K)

constituents PTMD, WIO phase WIphase state of state of moles gas g of gas -Q, callg -Q,
gicm’ changes changes oxide metal per 100 g per g calfcm3

2A] + BZ03 2.524 2621 2327 s-1 solid 0.0000 0.0000 780.7 1971

4Ta + 5WOZ 13.515 2556 2196 liquid solid 0.0000 0.0000 145.1 1962

3Hf + 2BZ03 6.125 2656 2575 solid liquid 0.0000 0.0000 296.5 :[816

Th + SiOz 6.732 3813 2628 solid ]-g 0-.34 0-.10 258.2 :[738

2Mg + SiOz 2.148 3401 2628 solid ]-g 0-.92 0-.26 789.6 1695

3Zr + 2BzOq 3.782 2730 2573 solid s-1 0.2930 0.0317 437.4 1654

2Ta + 5Pb0 10.640 2752 2019 solid @ 0.1475 0.3056 154.5 1644

3Ti + 2CrL03 4.939 1814 1814 solid solid O.0000 0.0000 296.2 1469

6Li + Crz03 1.807 2151 1843 s-1 solid 0.0000 0.0000 799.5 1445

4A1 + 3Si02 2.668 2010 1889 solid liquid 0.0000 0.0000 513.3 1370

4A1 + 3TiOz 3.590 1955 1752 solid liquid 0.0000 0.0000 365.1 1311

Hf + SiOz 6.224 2117 1828 solid liquid 0.0000 0.0000 203.3 1265

Zr + SiOz 4.098 2233 1687 solid s-1 0.0000 0.0000 299.7 1~28

3Mg + B@3 1.785 6389 3873 ]-g liquid 0.4981 0.2007 2134 I 195

6Li i- BZ03 0.891 2254 1843 s-1 solid O.0000 0.0000 1293 I 152

4Li + SiOz 1.177 1712 1687 solid s-1 0.0000 0.0000 763.9 898.7

2B + Cr203 4.590 977 917 liquid solid O.OQOO 0.0000 182.0 835.3

3Ti + 2BzO~ 2.791 1498 1498 solid solid 0.0000 0.0000 276.6 772.0

Ti + Si02 3.241 715 715 solid solid 0.0000 0.0000 75.0 243.1
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Table le - Thermite Reactions (in Descending Order of Reaction Temperature)

=EE==
10Nd + 31~Os 5.896 10067 <7580 gas gas ().3273 1.0000 840.6 4956

2Ta + IZ05 7.615 8462 7240 gas gas o~875 1.0000 648.6 4939

4Y + 3MnOz 4.690 7405 <5731 gas gas 0.8110 1.0000 1022 4792
~Nd + 3Hg0 9.430 7020 <5374 gas Sas 0.4263 1.0000 392.7 3703

4Nd + 3PbOz 8.148 6938 <5284 gas gas 0.3862 1.0000 517.8 4219

Th + PbOz 10.190 10612 4673 @ gas ()-2817 0.6231 482.8 4922

2Th + Pbq04 9.845 8532 4673 l-g gas 0.2695 0.5633 360.5 3549

IOY + 31Z05 4.638 12416 >4573 gas gas 0.4231 1.0000 1144 5308

4Y + 3SnO~ 5.604 7022 4573 l-g gas .37 -.62 .44-1 726.1 4068

2Y + MoOj 4.567 8778 >4572 gas liquid 0.621.5 1.0000 1005 4589

4Y + 3PbOz 6.875 9166 >4572 gas gas 0.4659 1.0000 751.0 5163

10Y + 3Taz05 6.316 5564 >4572 ]-g liquid 0-0.23 0-0.51 469.7 2966

~2Y + W03 5.677 8296 >4572 gas liquid ().2441 0.5512 732.2 4157
~La + 3Hg0 8.962 7140 >4472 [-g gas .32- .43 0.65-1 392.0 3513

.11OLa+ 31zOf 5.501 9107 >4472 gas gas 0.3347 1.0000 849.2 3672

4La + 3PbOz 7.629 7065 >4472 gas gas 0.3927 1.0000 518.8 3958

2Hf + Pb30J 9.775 9382 4410 liquid gas o.~877 0.5962 345.9 3381

2La + WOj 6.572 5808 4367 liquid liquid 0.0000 0.0000 445.8 ~930

2Nd + W03 7.074 5438 4245 liquid liquid 0.0000 0.0000 446.1 3156

2Ta + 5Hg0 12.140 5285 <4200 liquid gas 0.3460 0.6942 263.3 3120

~La + 3Ag0 6.827 8177 4173 liquid gas 0.4619 0.-$983 646.7 4416

2Be + PbOz 7296 8622 4123 ].g gas 0.4665 0.8250 875.5 6387

8La + 3Pb30J 7.789 5628 4049 liquid gas o~841 0.5886 378.6 2949

8Nd + 3Pb30J g.~lg 5553 3958 liquid gas o~803 0.5808 379.6 31~()

2Y + Niz03 4.636 7614 3955 liquid gas 0.5827 0.3420 1120 5194

T h + MnOz 8.391 7151 3910 liquid gas 0.3135 0.1722 529.2 4-MO

3Mg + BZ03 1.785 6389 3873 ]-g liquid 0.4981 o.~oo7 2134 1195

4Mg + Pb30J 5.965 5883 3873 l-g gas 0.4216 0.8095 556.0 3316

4Nd + 3WOZ 9.016 4792 3778 liquid ~iquid 0.0000 0.0000 362.9 3?72

1OY+ 3v~05 3.970 7243 >3652 ]-g gas o,~]30 0.4181 972.5 3861
~Nd + 3A@ 7.244 7628 3602 liquid gas 0.4544 0.4902 625.9 4534

4Be + Pb30J 7.610 5673 3559 liquid gas 0.4157 0.8614 567.8 I 4322

4 Ta + 5PbOz 11.~15 4935 3472 liquid gas o.~604 0.5397 338.6 3797

2Zr + Pb~OJ 8.359 6595 3300 l-g gas 0.3683 0.7440 408.1 3412

4N d + 3MnOz. 6.241 5194 3287 liquid gas 0.3580 0.1967 589.9 3682

10Al + 3VZ05 3.107 3953 3273 ]-g liquid 0.0699 0.0356 1092 3394
~.~g + MnOz 2.996 5~09 327] liquid gas 0.7378 0.4053 1322 3961

/2.~1+ 3Ag0 6.085 7503 3253 l-g gas 0.7519 0.8083 896.7 I 5457

12.M+ Bi,O, 7.188 3995 3253 l-g gas 0.4731 0.8941 506.1 I 3638

lo AJ+ 3Hg0,,-. 8.986 7169 3253 ]..: gas 0.5598 0.9913 476.6 I 4282
1
~1OA1+ 31qOs 4.119 8680 >3253 gas gas 0.6293 1.0000 1486 6]~~

~1



Table le- Thermite Reactions (in Descending Order of Reaction Temperature) (cont.)

,

reactants adiabatic reaction state of products gas production heat of reaction
temperature (K)

constituents pThlD , wlo phase WIphase state of state of moles gas g of gas -Q, calfg -Q,
g/cm3 changes changes oxide metal per 100 g per g caiicm3

2A] + MoOS 3.808 5574 3253 ]..g liquid 0.2425 ().2473 1124 4279

4A1 + 3PbOz 7.085 6937 3253 ].g gas 0.5366 0.9296 731.9 5185

8A1+ 3Pb30~ 7.428 5427 3253 ]Jg gas 0.4215 0.8466 478.1 3551

4A1 + 3W02 8.085 4176 3453 l-g solid 0.0662 0.0675 500.6 4047

2AI + WOS 5.458 5544 3153 ]-g liquid 0.1434 0.1463 696.4 3801

2A1+ 3Pd0 7.281 5022 3237 liquid ]-g 0.6577 0.6998 754.3 5493

2La + 3Pd0 7.769 5635 3237 liquid ].g ().245() 0.Z606 536.2 4166

2Nd + 3Pd0 8.297 6197 3237 liquid I-g 0.2394 (),2547 532.7 4420
~Ta + 5pd0 11.472 4344 3237 liquid @ 0.0575 0.0612 360.4 4135

2Y + 3Pd0 7.020 8097 3237 liquid l-g 0.4183 0.4451 768.1 5371

4La + 3WOZ 8.366 3826 3218 liquid solid 0.0000 0.0000 361.2 3022
~Al + 3CO0 5.077 3392 3~ol liquid ]-g 0.0430 0.0254 824.7 4187

8A1+3C030J 4.716 3938 3201 liquid ]-g 0.2196 0.1294 1012 4772

2A1+3Ni0 5.214 3968 3187 liquid ]-: 0.0108 0.0063 822.3 4288

2A] + NizO~ 4.045 5031 3187 liquid ]-g 0.4650 o.~7~9 1292 ---‘j??$)

2Al + Fez03 4.175 4382 3135 liquid ]-g 0.1404 0.0784 945.4 39$7

8Al + 3Fe30~ 4.264 4057 3135 liquid l-g 0.0549 0.0307 878.8 3747

3Be + Fe203 4.163 4244 3135 liquid l-g 0.1029 0.0568 128] 5332

4Be + Fe30d 4.180 4482 3135 liquid l-g 0.0336 0.0188 1175 4910

2La + Fez03 5.729 4590 3135 liquid ]-g 0.1234 0.0689 529.6 3034

3M:+ FezOl 3.224 4703 3135 liquid ]-g 0.2021 0.1129 1110 3579

4Mg + Fe30J 3.274 4446 3135 liquid I-g 0.1369 0.0764 1033 3383

3Th + 2BZ03 6.688 3959 3135 solid liquid 0.0000 0.0000 337.8 :~~59

3Th + 2Fe10~ g.~go 6287 ., 3135 solid ,~ l-g o.~619 0.1463 477.9 3957

2Th + Fe30J 8.092 5912 3135 solid 1-:’ 0.2257 0.1261 458.5 37.10

8Y + 3Fe30J 4.803 5791 3135 liquid [-g 0.3812 (3,~1~9 856.3 4113

3Zr + 2Fez03 5.744 .4626 3135 liquid ]-g 0.0820 0.0458 666.2 3827

2Zr + Fe30J 5.668 4103 3135 liquid pg 0.0277 0.0155 625.1 3543

2Y + 3CU0 5.404 7668 3124 liquid ]-g 0.7204 0.4577 926.7 5008

4La+ 3MnOz 5.740 5270 3120 liquid gas 0.3674 (),~o19 593.4 3406

Hf + Mn02 8.054 5644 3083 s-1 gas 0.3263 0.3131 534.6 I 4305

z r + MnOz 5.647 5385 2983 s-1 gas 0.5613 0.3084 778.7

j

4398

2Be + MnOz 3.882 6078 2969 liquid gas 0.9527 0.5234 1586 6158

3Mg + Crz03 3.164 3788 2945 solid 1-: 0.1023 0.0532 813.1 2!573

3Th + 2Crz03 8.300 4051 2945 solid ]-g 0.0590 0.0307 334.5 2!776

4Al + 3MnOz 4.014 4829 2918 liquid gas 0.8136 0.4470 1159 JL651

2Al + 3Sn0 5.540 2558 ~/37(j liquid ]-g 0.1070 0.1270 427.0 I 2366

4Al + 3SnOz 5.356 5019 2876 liquid @ o.~9~8 0.3476 686.8 / 3678

6Li + MoOS 1.688 4035 2873 l-g solid 0.2155 0.0644 1342 I 2.265

8Li + PblO1 4.133 4186 2873 i-g liquid 0.1655 0.0496 536.7 I 2.218

6Li + W03 2.478 3700 2873 l-g solid 0.0113 0.0034 825.4 2046
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TabIe le. Thermite Reactions (in Descending Order of Reaction Temperature) (cont.)

reactants adiabatic reaction state of products gas production heat of reaction
temperature (K)

constituents PTMD Y WIO phase WIphase state of state of moles gas g of gas -Q, calfg -Q,
glcm3 changes changes oxide metal per 100 g per g cal/cm3

2A1+ 3CU0 5.109 5718 2843 liquid ].: 0.5400 0.3431 974.1 4976

2A] + 3CUZ0 5.280 4132 2843 liquid ]-g 0.1221 0.0776 575.5 3039

2B + 3CU0 5.665 4748 2843 gas ]-g 0.4463 0.2430 738.1 4182

Hf + 2CU0 8.332 5974 2843 solid pg 0.3881 0.2466 567.6 4730

3Hf + 2Fez03 7.955 5031 2843 solid ]-g 0.2117 0.1183 473.3 3765

2Hf + Fe30J 7.760 4802 2843 solid ]-: 0.1835 0.1025 450.4 3496

2La + 3CU0 6.263 6007 2843 liquid - ]-g 0.3737 0.2374 606.4 3798

2Li + CUO 2.432 4152 2843 liquid l..g 0.2248 0.1428 1125 2736

Mg + CUO 3.934 6502 2843 solid p~ 0.8186 0.520 I 1102 4336

2Nd + 3CU0 6.719 5921 2843 liquid l-g 0.3699 ().2350 603.4 4054

2Ta + 5CU0 9.049 4044 2843 liquid ]-g 0.0776 0.0493 390.3 3532

Th + 2CU0 8.582 7743 2843 solid ]-: 0.4301 0.3421 558.7 4795

Ti + 2Cu0 5.830 5569 2843 liquid l-g 0.3242 o~060 730.5 4259

z r + 2CU0 6.400 6103 2843 solid [_g 0.5553 0.3529 752.9 4818

3Be + CrzOq 4.089 3107 ~820 s-1 liquid 0.0000 0.0000 915.0 3741

Be + CUO 5.119 3761 2820 s-i liquid 0.0000 0.0000 1221 6249

1OA1+ 3NbzO~ 4.089 3240 2705 liquid solid 0.0000 0.0000 600.2 ~454

3Zr + 2Crz03 5.713 2915 ~650 solid liquid 0.0000 0.0000 423.0 2417

6Ta + 5W03 9.876 2883 2633 liquid sol id 0.0000 0.0000 206.2 2036
2Mg + SiOz ~.148 3401 2628 solid ]-g 0-.92 0-.26 789.6 1695

Th + SiOz 6.732 3813 2628 solid @ 0-.34 0-.10 258.2 1738

3Ti + 2Fez03 5.010 3358 2614 liquid liquid 0.0000 0.0000 612.0 3066
~La+ 3pb0 8.207 4598 ~609 liquid gas 0.3166 0.6561 287.4 2359

3Hf + 2BZ03 6125 2656 2575 solid liquid 0.0000 0.0000 296.5 1816

3Be + BZ03 1.850 3278 2573 liquid ‘s-1 0.0000 0.0000 1639 3033

3Zr + 2BzOq 3.782 2730 2573 solid s-1 0.2930 0.0317 437.4 1654

3Hf + 2CrzO~ 7.971 27~1 2572 solid liquid 0.0000 0.0000 302.3 2410

6Li + Fe203 1.863 3193 2510 liquid liquid 0.0000 0.0000 1143 2130

2Ti + PblOd 8.087 5508 2498 liquid gas 0.3839 0.7955 358.1 ~89(j

2Be + SiOz 2.410 2580 2482 solid liquid 0.0000 0.0000 936.0 ~~56

IOAI+ 3TazO~ 6.339 3055 2452 liquid solid 0.0000 0.0000 335.6 ~]~8

~A] + 3Ag@ 6.386 4941 2436 liquid l-g 0.4298 0.4636 504.8 3224

2Ta + 5Ag0 9.341 6I1O 2436 liquid l-g 0.4229 0.4562 466.2 4355

8Li + Fe301 0.517 3076 2412 liquid liquid 0.0000 0.0000 1053 2036

4Li + MnOz 1.656 3336 2334 liquid ]-g 0.4098 0.2251 1399 2317

TI + FejOj 4.974 3113 1334 liquid liquid ‘ 0.0000 0.0000 563.0 ~800

}‘Ti + MI-10, 4.826 3993 2334 liquid 1-: 0.3783 0.2078 752.7 3633

2A] + B201 2.524 2621 ~3~7 s-l solid 0.0000 0.0000 780.7 1971

2A! + Crz03 4.190 2789 2327 s-1 liquid 0.0000 0.0000 622.0 / 2606

2AI + 3Pb0 8.018 3968 2327 s-1 gas 0.4146 0.8591 337.4 ~705

~Ta + 5WO* 13.515 2556 ~196 liquid solid 0.0000 0.0000 145.1 1962



Table le- Thermite Reactions (in Descending Order of Reaction Temperature) (cont.)

—
reactants adiabatic reaction state of products gas production heat of reaction

temperature (K)

constituents PTMD, WIO phase WIphase state of state of moles gas g of gas -Q, caI/g -Q,
glcm’ changes changes oxide metal per 100 g per g cal/cm3

6Ta + 5Fez03 9.185 2383 2138 solid liquid 0.0000 0.>0000 235.0 2558

4B + 3Mn01 4.394 3000 2133 ].g liquid 0.3198 0.1715 773.1 3397

2B + Fe203 4.661 2646 2065 liquid liquid 0.0000 0.0000 590.1 2751

8B + 3Pb30d 8.223 4217 2019 liquid ]-g 0.4126 0.8550 326.9 2688

2Ta + 5Pb0 10.640 2752 2019 solid @ 0.1475 0.3056 154.5 1644

8Ta + 5PbJOi 10.510 3601 2019 solid ].g 0.Q990 0.6196 2?5 .0 2365

8B + 3Fe301 4.644 2338 1903 liquid liquid 0.0000 0.0000 530.1 2462

4A1 + 3SiOZ 2.668 2010 1889 solid liquid 0.0000 0.0000 513.3 1370

6Li + BZ03 0.891 2254 1843 s-l solid 0.0000 0.000o I 1293 I 1152

6Li + Crz03 1.807 2151 1843 s-1 solid 0.0000
Hf+ SiOz 6.224 2117 1828 solid liquid 0.0000 :% R==
3Ti + 2CrzO~ 4.959 1814 1814 solid solid 0.0000 O.om

@

296.2 1469

4A] + 3Ti02 3.590 1955 1752 solid liquid 0.0000 0.0000 365.1 I 1311

4Li + SiOz 1.177 1712 1687 solid s-1 0.0000 0.0000I 763.9 I 898.7

24
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Table If- Thermite Reactions (in Descending Order of Sloles of Gas Produced)

EEm= :-=‘e:
~B.e+ Mn@ 3.882 6078 2969 liquid gas 0.9527 o.5~34 1586 6158

Mg -i-CUO 3.934 6502 2843 solid l-g I 0.S1S6 0.5201 1102 4336

4A] + 3MnO? 4.014 4829 2918 liquid gas 0.S136 0.4470 1159 4651

4Y + 3MnO: 4.690 7405 <5731 gas gas 0.s110 1.0000 1022 4792
~A] + 3Ag0 6.0S5 7503 3253 ]-: gas 0.7519 0.80S3 896.7 5457
~hfg + MnOl 2.996 5209 3271 liquid gas 0.7378 0.4053 1322 3961
~y + 3CU0 5.404 7668 3124 liquid l-g o~~)4 0.4577 926.7 5008
~Al + 3pd0 7.~$31 50~2 3237 liquid l-g 0.6577 0.699S 754.3 5493

10AI + 31Z05 4.119 8680 >3253 gas gas 06~93 1.0000 1486 61~~

2Y + MoO~ 4.567 8778 >4572 gas liquid o.6~15 1.0000 1005 4589

2Y + Niz03 4.636 7614 3955 liquid gas 0.5827 0.3420 1120 5194

Zr + MnOz 5.647 53s5 2983 s-1 gas 0.5613 0.30s4 778.7 4398
~A] + 3Hg0 S.986 7169 3253 ]-g gm 0.559S 0.9913 476.6 ~~s~

fi + Zcl.lo 6.400 6103 2843 solid ].g 0.5553 0.3529 752.9 4818
~Al + 3Cu0 5.109 571s 2843 liquid {-: 0.5400 0.3431 974.1 4976

4Al + 3PbOt 7.085 6937 3253 ]-g gas 0.5366 09~96 731.9 5185

3M: + BzOj 1.785 6389 3873 ]-g liquid 0.4981 0.2007 2134 1195

2Al + Biz03 7.188 3995 3253 ]-: gas 0.4731 0.8941 506.1 363S

2Be + PbOz 7.296 8622 4123 ]-g @ 0.4665 0.8250 S75.5 6387

4 Y + 3Pb02 6.875 9166 >4572 gas gas 0.4659 1.0000 751.0 5163

2Al + NizOl 4.045 503 I 3187 liquid ]-g 0.4650 0.2729 ]~9~ 5~’79

~La + 3A:() 6.827 8177 4173 liquid gas 0.4619 0.49s3 646.7 4416
~Nd + 3A@ 7.244 7628 3602 liquid gas 0.4544 0.4902 625.9 4531
~B + 3Cu(3 5.665 4748 2843 gas I l-g 0.4463 ().~430 73s.1 4182
Th + ~CuO S.5S2 7743 2843 solid l-g \ 0.4301 I 0.3421 55s.7 4795 ~
~A] + 3Ag@ 6.3S6 4941 2436 liquid ]-g 0.4298 0.4636 ~?? i504.8 ---
~Nd + 3H@ 9.430 7020 <5374 gas gas 0.4263 1.0000 392.7 3703 I

1OY + 31zO~ 4.638 12416 >4573 gas g3s 0.4231 1.0000 1144 530s
~Ta + 5A@ 9.341 6110 2436 liquid / l-g I 0.4229 0.4562 466.2 I 3355 /

4Mg + Pb~OJ 5.965 5883 3873 ]-g gas I 0.4216 0.S095 556.0 I 3316 /

sAl + 3Pb~OJ 7.428 5427 3253 [-: gas 0.4215 0.s466 I 478.1 / 3551 ~

2Y + 3Pd0 7.o~(3 8097 3237 liquid /-: 0.4183 0.4’45I j 768.1 / 5371 ~

4Be + Pb~OJ 7.610 5673 3559 liquid /

‘ E

gas I 0.4157 I 0.S614 I 567.8 I 4322
~A] + 3pb0 8.018 396S 2327 s-l gas 0.4146 0.8591 337.4 [ 2705 i

sB + 3Pb~OJ S.2~3 4217 2019 liquid / ]-g 0.4126

%/

0.S550 I 326.9 I 2688

4Li + MnOz 1.656 3336 2334 liquid I ]-g 0.409s I 0.2251 I 1399

,4La + 3PbOz 7.629 7065 >4472 gas I gas I 0.3927 1.0000 II 518.8 I 395~ ]
Hf+ 2CU0 8.332 5974 2843 solid / l-g I 0.3S81 I 0.2466 II 567.6 I 4730 ~

4N d + 3PbOz S.14S 693S <5284 gas I gas \ 0.3S62 \ 1.0000 \l 517S \ 4219 !
1:
2T1 + Pb30i S.087 5508 2498 liquid I / 0.3s39 / 0.7955 / 358.1 / 2S96gas

8Y + 3Fe10J 4.803 5791 3135 liquid / ]-g 0.3812 0.2129 ] S56.3 I -$113
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Table If- Thermite Reactions (in Descending Order of Moles of Gas Produced) (cont.)

reactants adiabatic reaction state of products gas production

i

heat of reaction
temperature (K)

constituents pTtiD? WIOphase WIphase state of state of lmolesgas g of gas -Q, cal/g -Q,
glcm’ changes changes oxide metal per 100 g per g calfcm’

Ti + MnOl 4.826 3993 2334 liquid ]-g 0.3783 0.2078 752.7 3633

2La + 3CU0 6.263 6007 2843 liquid ].g 0.3737 0.2374 606.4 3798

4Y + 3SnOz 5.604 7022 4573 ]-g gas .37- .62 .44-1 726.1 4068
~Nd + 3CLI() 6.719 5921 2843 liquid ]-g 0.3699 0.2350 603.4 4054

2Zr + PbsO,j 8.359 6595 3300 ]-g gas 0.3683 0.7440 408.1 3412

4La + 3MnOz 5.740 5270 3120 liquid gas 0.3674 0.2019 593.4 3406

4Nd + 3MnOz 6.241 5194 3287 li@id gas ().3580 0.1967 589.9 3682
~Ta + 5Hg0 12.140 5285 <4200 liquid gas 0.3460 0.6942 263.3

a

31~o

10La + 31?05 5.501 9107 >4472 gas gas 0.3347 1.0000 849.2 4672

10Nd + 31Z05 5.896 10067 <7580 gas gas 0.3273 1.0000 840.6 4956

Hf + MnOz 8.054 5644 3083 s-1 gas 0.3263 0.3131 534.6 4305

Ti + 2CU0 5.830 5569 2843 liquid l-g 0.3242 0.2060 730.5 ,~~j$l

~La+ 3Hg0 8.962 7140 >4472 ]-g gas .32- .43 .65-1 392.0 3513

4B + 3MnO~ 4.394 3000 2133 l-g liquid 0.3198 0.1715 773.1 3397
~La + 3pbo 8,~07 4598 2609 liquid gas 0.3166 0.6561 287.4 2359

Th + MnOj 8.391 7151 3910 liquid gas 0.3135 0.1722 529.2 4440

8Ta + 5Pbs04 10.510 3601 2019 solid ]-g 0.2990 0.6196 225.0 2365

3Zr + 2BzOq 3.782 2730 2573 solid s-1 0.2930 0.0317 437.4

7

1654

4Al + 3SnOz 5.356 5019 2876 liquid l-g 0.2928 0.3476 686.8 .3678

2Hf + Pbs04 9.775 9382 4410 liquid gas 0.2877 0.5962 345.9

3

3381

2Ta + 1?05 7.615 8462 7240 gas gas 0.2875 1.0000 648.6 4939

8La+ 3PbJO~ 7.789 5628 4049 liquid gas 0.2841 0.5886 378.6 :~949

Th + PbOz 10.190 10612 4673 l.: gas 0.2817 0.6231 482.8 49~~

8Nd + 3PbJOJ 8.218 5553 3958 liquid gas 0.2803 0.5808 379.6 ~1~()

2Th + Pb~Oq 9.845 8532 4673 l-g gas 0.2695 0.5633 360.5 ;3549

3Th + 2FezO~ 8.280 6287 3135 solid ]-g 0.2619 0.1463 477.9 3957

4Ta + 5Pb02 11.215 4935 3472 liquid gas 0.2604 0.5397 338.6 :w/

2La+ 3Pd0 7.769 5635 3237 liquid l-g 0.2450 0.2606 536.2 4166 I
2Y + wo~ 5.677 8296 >4572 gas liquid 0.2441 0.5512 732.2 ‘w
2Al + MooJ 3.808 5574 3253 l-g liquid 0.2425 0.2473 1124 i4279

2Nd + 3Pd0 8.297 6197 3237 liquid l-g 0.2394 0.2547 532.7 .~q~o

2Th + Fe30t 8.092 5912 3135 solid ]-g 0.2257 0.1261 458.5 :m

2Li i- CUO 2.432 4152 2843 liquid ]-g 0.2248 0.1428 1125 2736 Ii

8Al +3Co~O~ 4.716 3938 3201 liquid ]-g 0.2196 0.1294 1012” 4772 I
6Li + M003 1.688 4035 2873 ]-g solid 0.2155 0.0644 1342 I 2265 I

1OY+ 3v~05 3.970 7243 >3652 ].g gas 0.2130 0.4181 972.5 I 3=1

3Hf + 2Fez03 7.955 5031 2843 solid l-g ().~117 0.1183 473.3 il3765 ,1

3Mg + Fe20~ 3224 4703 3135 liquid l-g 0.2021 0.1129 1110 I :W;

2Hf + Fe30J 7.760 4802 2843 solid l-g 0.1835 0.1025 450.4 3496 I

8Li + Pbg04 4.133 4186 2873 I-g liquid 0.1655 0.0496 536.7 :~~]8 II

2Ta + 5Pb0 10.640 2752 2019 solid ]-g 0.1475 0.3056 154.5 I 1644 ii
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Table If- Thermite Reactions (in Descending Order of Moles of Gas Produced) (cont.)

PM: + FeSO~ 3.274 4446 3135 liquid ].g 0.1369 0.0764 1033 3383

bLa + Fe:Os 5,729 4590 3135 liquid ].g 0.1234 0.0689 5~9.6 3034
~~A]+ 3C~@ 5.~80 4132 2843 liquid I-g 0.1221 0.0776 575.5 3039

1/2.41+ 3Sn0 5.540 3558 2874 liquid ]-g 0.1070 0.1270 427.0 ~3(jfj

~3Be+ Fe?OJ 4.163 4244 3135 liquid ]-: 0.1029 0.(3568 1281 5332
3Mg + Cr:oj 3.164 3788 2945 solid @ 0.1023 0.0532 813.1 2573

3Zr + 2Fe:01 5.744 4fj~6 3135 liquid l-g 0.0820 0.0458 666.2 3827

2Ta + 5Cu0 9.049 4044 2843 liquid l-g 0.0776 0.0493 390.3 3532

2A1 +3Ni0

~T :; i i HHK

5.Q]4

~Mg + SjOz 2.148

h + SiOz 6.732

10Y + 3Ta~05

2AI + BZO;

2A] + Cr~03

10AI + 3NbzOf

,K%-t%il-%+%-i2:: sold ~.000o :%: R--l-%ksolid 0,0000

lj3Hf+ 2B,0, 6.125 2656 2575 solid liquid 0.0000 0.0000 296.5 I 1816 I

‘!3Hf+ 2Cr10~ / 7.971 ~7~1 2572 solid liquid 0.0000 0.0000 302.3 ] 2410 /
1,
Hf+ SiO~ 6.224 ~117 1828 solid liquid 0.0000 0.0000 203.3 ~ 1265 ~

La + 3~Oo 8.366 3826 3218 liquid solid 0.0000 0.0000 361.2 3022 I
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Table If- Thermite Reactions (in Descending Order of Moles of Gas Produced) (cont.)

reactants adiabatic reaction state of products gas production heat of reaction
temperature (K)

constituents PTMD Y WIO phase WIphase state of state of moles gas g of gas -Q, callg -Q,
glcm3 changes changes oxide metal per 100 g per g caI/cm3

2La + W03 6.572 5808 4367 liquid liquid 0.0000 0.0000 445.8 2930

6Li + BZ03 0.891 2254 1843 s-1 solid 0.E3000 0.0000 1293 1152

6Li + CrzOs 1.807 2151 1843 s-1 solid 0.0000 0.0000 799.5 1445

6Li + Fe20s 1.863 3193 2510 liquid liquid 0.0000 0.0000 1143 2130

8Li + Fe30~ 0.517 3076 2412 liquid liquid 0.0000 0.0000 1053 2036

4Li + SiOz 1.177 1712 1687 solid s-1 0.0000 0.0000 763.9 898.7

4Nd + 3WOZ 9.016 4792 3778 liquid liquid 0.0000 0.0000 362.9 3272

2Nd + W03 7.074 5438 4245 liquid liquid 0.0000 0.0000 446.1 3156

6Ta + 5FeZOs 9.185 2383 2138 solid liquid 0.0000 0.0000 235.0 2558

4Ta + 5WOZ 13.515 2556 2i96 liquid solid 0.0000 0.0000 145.1 1962

6Ta + 5WOS 9.876 2883 2633 liquid solid 0.0000 0.0000 206.2 :2036

3Th + 2Bz03 6.688 3959 3135 solid liquid 0.0000 0.0000 337.8 2259

3Ti + 2BZ03 ~.791 1498 1498 solid solid 0.0000 0.0000 276.6 ‘772.0

3Ti + 2Crz03 4.959 1814 1814 solid solid 0.0000 0.0000 296.2 1469

3Ti + 2Fez03 5,010 3358 2614 liquid liquid 0.0000 0.0000 612.0 3066

Ti + Fe30~ 4.974 3113 2334 liquid liquid 0.0000 0.0000 563.0 :z800

Ti + Si02 3.241 715 715 solid solid 0.0000 0.0000 75.0 243.1

3Zr + 2CrzOJ 5.713 2915 2650 solid liquid 0.0000 0.0000 423.0 7417

zr + SiOz 4.098 2233 1687 solid s-1 0.0000 0.0000 299.7 1228
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Table 2a - Intermetallic Reactions (in Alphabetical Order)

II reactants

I%%-t%&
1

114Al + Ce 4.095

I&k--R%
E&8-t+%

I 5.294

I%%+-%&

H--l-%%

IH%-t+R
ll~A]+ 3S I 2.102”

Al + Ta 9.952

3A] + Ta 6.407

R--l-%%
w--k%
l/3Al+ 2Ti I 3.448,

4A1 + U 6.582

3A1+ V 3.412

2A1+ Zr 4.240

4B+C 2.444

6B + Ce 4.374

2B + Cr 4.622

H
2B + Hf 8.232

6B + La 4.198

2B + Mg 2.031

6B + Mg 2.234
~B + Mn 4.732 I
~B + MO 6.091 I

adiabatic reaction
temperature (K)

wlo phase wl phase
changes changes WEE

2251 >1252 I.g o- 2.1 0-1 742 1940

1673 1673 solid 0.0 0.0 371 965

2836 1738 liquid 0.0 0.0 558 1140

1880 >972 s-l 0.0 0.0 348 782

1173 1173 solid 0.0 0.0 126 458

2195 >1912 s-1 0.0 0.0 307 1590
* * * * * 231 637

1755 >1452 s-l 0.0 0.0 277 1110

793 793 solid 0.0 0.0 120 430

935 935 solid 0.0 0.0 108 573

1423 1423 solid 0.0 0.0 211 ]()~o

1407 1407 solid 0.0 0.0 278 1020

1495 * s-l 0.0 0.0 166 780

1160 >972 s-l 0.0 0.0 345 509

803 803 solid 0.0 0.0 124 586

2362 >1910 s-1 0.0 0.0 330 1710

1524 1524 solid 0.0 0.0 180 1230

2725 2653 liquid 0.0 0.0 327 2890

1703 * s-l 0.0 0.0 216 800

3379 3073 liquid 0.0 0.0 216 2510

1403 1403 solid 0.0 0.0 113 820
* * * 0.0 0.0 800 1680

1011 1011 solid 0.0 0.0 56.7 564

665 665 solid 0.0 0.0 35.9 ~3f)

1597 1597 solid 0.0 0.0 240 872
* * * * * 138 560

1643 * 1-s * * 314 1100

1591 1591 solid 0.0 0.0 272 862
* * * * * 158 544

1205 * liquid 0.0 0.0 89.8 591

1023 1023 solid 0.0 0.0 198 792

1923 * l-s * * 267 1130

1202 1202 solid 0.0 0.0 308 751

2388 2388 solid 0.0 0.0 395 1730

1571 1571 solid 0.0 0.0 306 1410

3945 3653 liquid 0.0 0.0 401 3300

2503 * 1-s 0.0 0.0 560 2350

1706 1706 dec 0.0 0.0 479 972

918 918 solid 0.0 0.0 251 600

1386 1386 solid 0.0 0.0 294 1390

1533 1533 solid 0.0 0.0 196 1280

* Momdataneededforthiscalculation.
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Table 2a - Intermetallic Reactions (in Alphabetical Order) (cont.)

=mME3E~m
2B + Nb 5.875 2793 2793 solid 0.0 0.0 524 3080

6B + Sm 4.684 ~~33 1233 solid 0.0 0.0 232 10.50

6B + Si 2.497 503 503 solid 0.0 0.0 76.4 1’77

2B + Ta 10.36 2766 2766 solid 0.0 0.0 247 25(50

4B + Th 7.240 1823 1823 solid 0.0 0.0 189 1360

B+Ti 3.922 3559 >2452 lorg 0- 1.7 0-1 652 25{50

2B + Ti 3.603 3710 3498 liquid 0.0 0.0 1320 51’70

2B+U 12.22 1335 1335 solid 0.0 0.0 149 18:20

4B+U 9.407 21~4 2124 solid 0.0 0.0 209 19(50

B+V 4.749 2574 2574 solid 0.0 0.0 536 2540

2B+V 4.187 2960 2960 s-l 0.() 0.0 671 2810

5B + 2W 10.37 1133 1233 solid 0.0 0.0 83.0 1350

6B+Y 3.354 973 973 solid 0.0 0.0 156 503

2B + Zr 4.926 3783 3673 liquid O.cl 0.0 683 3360

3Ba + 2Bi 5.185 1673 * liquid O.cl 0.0 87.3 1(59

Ba + 2C 3236 1466 1466 solid O.cl 0.0 111 3.59 .

2Ba + Pb 4.025 1913 >1200 @ O-.21 0-1 I43 5’76

3Ba + 2Sb 4.252 1833 * liquid * * 133 5(53

2Ba + Sn 4.153 2398 * l-g 0- .;~j O- I 240 10(30

Be+2C 2.131 3043 * @ 0-.33 0-1 1750 37;20

2Be+C 1.995 1932 1932 solid O.cl 0.0 931 1860

5Be+ Nb 3.920 1663 1663 solid O.cl 0.0 336 1300

13Be + Pu 4.756 723 723 solid O.cl 0.0 100 4’76

13Be + U 4.679 773 773 solid O.cl 0.0 110 513

Bi+K 3.723 1253 * liquid O.cl 0.0 55 204

Bi+3K 2.071 1791 * liquid? * * 127 2(53

Bi+Li 6.319 1273 >689 liquid O.cl 0.0 85.5 5:35

2C+Ca 1.757 1113 1113 solid O.c’ 0.0 223 392

2C+Ce 5.201 1779 1779 solid O.c’ 0.0 170 884

3C + 7Cr 5.978 1175 1175 solid O.c’ 0.0 136 813

c +Hf 9.084 4441 >4222 s-1 0.0 0.0 315 2860

2C+La 4.905 1973 1973 solid 0.0 0.0 178 8’70

3C + 7Mn 6.130 742 742 solid 0.0 0.0 62.1 380

c + 2M0 7.662 1077 1077 solid 0.0 0.0 62.3 4’77

2C + 2Na 1.206 733 733 solid 0.0 0.0 137 165

0.98C + Nb 6.522 3182 3182 solid 0.0 0.0 317 2070

c +Nb 9.678 3003 3003 solid 0.0 0.0 321 2060

c +2Nb 7.328 2634 2634 solid 0.0 0.0 230 1680

c + si 2.416 1914 1914 solid

E

0.0 0.0 436 10!50

2C+Sr 2.518 1242 1242 solid 0.0 0.0 160 404

c + Ta 11.90 2678 2678 solid 0.0 0.0 179 zl;~()

* More data needed for this circulation.
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Table 2a - Intermet.d]ic Reactions (in Alphabetical Order) (cont.)

EEm=w
il.94c+Th I ;.73(3 Z2]1 2211 solid 0.0 0.0 138 1140

i2c-Th 8.169 3073 3073 solid 0.0 0.0 I79 1280
‘~-T1 3.754 3644 3523 liquid 0.0 0.0 736 2760

k-L- 13.96 1871 1871 solid 0.0 0.0 93.6

I:c+~
1310

11.29 1573 1573 soiid 0.0 0.0 95.5 1080
g-\7 4.499 2121 2121 solid 0.0 0.0 383 1720

~ - li- 13.20 ]259 1259 solid 0.0 0.0 49.0 647

~-zr j,~J6 3800 3800 solid 0.0 0.0 455 2400

ka + 2M: 1.649 801 801 solid 0.0 0.0 108 178

~Ca + Pb 4.105 1713 >1475 liquid 0.0 0.0 172 705
1\
~a + Si 2.490 2504 2504 liquid 0.0 0.0 529 1320

~Ca+ Sn 3.772 3622 >1272 Iorg 0- 1.5 0-1 239 903

12Ca+ Sn 2.927 2994 >1407 lorg 0-.50 0-1 377 1100

llCd+Pu 1.056 843 843 solid 0.0 0.0 31.0 293

ke + XI: 4.713 1552 * s-1 0.0 0.0 111 523

2Ce + Pb 8.194 1653 >1652 s-1 0.0 0.0 81.5 665

Ce + 2Si 3.547 2083 * liquid 0.0 0.0 255 1100

.Ce + Zn 6.904 1413 >1098 liquid 0.0 0.0 78.0 535

ko + Si 4.862 1733 >1732 s-l 0.0 0.0 299 1450

/Cr+Si‘ 4.316 ~~31 1231 solid 0.0 0.0 159 684

~r + 2Si 3.625 1530 1530 solid 0.0 0.0 222 804
I3cr + Si 5.558 1493 1493 solid 0.0 0.0 179 996

3‘Cr + 3Si -$.900 1671 1671 solid 0.0 0.0 226 1110

Cu + 2M~ 3.199 665 665 solid 0.0 0.0 61.0 195

p Cu + hfg 5.368 721 721 solid 0.0 0.0 52.9 284

c u+Pd 10.64 873 873 so[id 0.0 0.0 44.5 472

Fe+Si 4.564 1659 1659 solid 0.0 0.0 225 ]()~()

4.]~3 1678 1391 s-I 0.0 0.0 207 853
6.269 1443 1443 solid 0.0 0.0 84.4 524

~ i+pb 6.848 1258 >754 liquid 0.0 0.0 67.2 460

Li+Sb 4.]~3 1333 * liquid 0.0 0.0 170 700

L i+Sn 4,298 1516 * s-l 00 0.0 134 576
~‘fg+s ~.037 7039 * * . * 1500 3060

3hl: + 2Sb 4.039 1433 1433 solid 0.0 0.0 121 484
yIS+ se 3.398 4817 * * * * 678 2300

‘?Nfg + Si 1.956 1286 1286 solid 0.0 0.0 247 483
,,~.~lg + Sn 3.787 1163 1163 solid 0.0 0.0 113 450

f: + Te 4.311 4676 * * . * 329 1420 J
;~.\lg + Th I 5.767 1067 1067 solid 0.0 0.0 .54.0 311
]Sj~+u 9.874 2213 * liquid 0.0 0.0 157 1570

,pvlg+ Y 3.343 1943 * liquid 0.0 0.0 274 912

* LION dam needed for tiis calculation.
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Table 2a - Intermetallic Reactions (in Alphabetical Order) (cont.)

mmME=Eg
n+S I 2.370 1394 1394 solid 0.0 0.0 164 390

Mn + Si I 4,415 1615 >1542 s-1 0.0 0.0 224 989

Mn + 1.7Si I 3.846 1433 I* s-1 0.0 0.0 226 847

Mo + 2Si I 4.581 1854 1854 solid 0.0 0.0 187 835

Mo + 7Si / 3.265 1823 1823 so[id 0.0 0.0 206 940

3M0 + Si I 7.308 1278 1278 solid 0.0 0.0 76.9 562

5M0 + 3Si \ 6.-$76 788 788 solid 0.0 0.0 43.1 279

Na + Sb I 3.453 1090 * liquid 0.0 0.0 110 380

Na + Sn 3.548 1073 1073 solid 0.0 0.0 71.4 2!54

Nb + Ni 8.695 1083 1083 solid 0.0 0.0 71.0 610

Nb + 2Si / $.463 1897 1897 solid 0.0 0.0 201 8!?8

5Nb + 3Si 6,233 2518 2518 solid 0.0 0.0 2X2 13!?0

Ni + Si 4.855 1838 >1265 s-1 0.0 0.0 235 1140

Pd + Sn I 8.966 1599 * S-1 0.0 0.0 112 1000

Pu + 12Zn I 8.409 973 973 solid 0.0 0.0 71.3 600

S+Zn ~,419 4144 * pg* 0.0 0.0 500 1210

s i + 2Ta J 11.79 1836 1836 solid 0.0’ 0.0 76.9 907

2Si + Ta 7.086 1781 1781 solid 0.0 0.0 120 8510

3Si + 5Ta 11.19 9~o 920 solid O.c 0.0 80.9 906

2Si + Th 6.659 2323 2323 solid (J.CI 0.0 144 961

~Si + Ti 3.134 1913 >1772 s-1 ().CI 0.0 308 967

3Si + 5Ti 3.719 2548 >2402 s-l f).cl 0.0 428 1590

2Si+U 8.369 1663 1663 solid O.cl 0.0 106 940

2Si+V 3.429 3341 2023 s-1 C).cl 0.0 700 2400

2Si+W 7.480 1549 I549 solid O.cl 0.0 9~6 693

s i+Y 3.75-1 2108 * s-1 O.cl 0.0 275 1000

s i+2Zr 5291 2787 >?197 liquid 0.(1 0.0 236 12.50

2Si + Zr I 4.00-$ 1988 1893 liquid 0.0 0.0 258 1040

3Si + 5Zr 5.141 1132 1132 solid 0.(1 0.0 255 1310

2U+ 17Zn I 8.778 973 973 solid O.ct 0.0 60.0 530
~Zn + ZT 6.816 ]713 * 1-s O.c) 0.0 170 1160

* More data needed for this calculation
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Table 2b - Intermetallic Reactions (in Descending Order of Reactant Mixture Density) ‘““

reactants

constituents

gJcm3 WMm -::: ‘:::m3

PTMD>

C+u 13.96 1871 1871 solid 0.0 0.0 93.6 1310

C+w 13.20 1259 1259 solid 0.0 0.0 49.0 647

2B+U 12.22 1335 1335 solid 0.0 0.0 149 1820

C+Ta 11.90 2678 2678 solid 0.0 0.0 179 2120

Si + 2Ta 11.79 1836 1836 solid I 0.0 0.0 76.9 907

Al + Pt 1I .63 3379 3073 liquid 0.0 0.0 216 2510
2C+U 11.29 1573 1573 solid / 0.0 j 0.0 95.5 1080

11.19 920 9~o solid I 0.0 0.0 80.9 906

10.64 873 873 solid I ‘ 0.0 0.0 44.5 472

10.37 1233 1233 solid I 0.0 I 0.0 83.0 1350

10.36 2766 2766 solid / 0.0 I 0.0 247 ~560

9.952 1011 1o11 solid I 0.0 I 0.0 56.7 564

9.874 2213 * liquid ~ 0.0 0.0 157 1570

9.678 3003 3003 solid I 0.0 I 0.0 321 2060

9.407 2124 21~4 solid I 0.0 0,0 209 1960

C +Hf 9.084 4441 >4222 s-l [ 0.0 315 2860

Pd+Sn 8.966 1599 * s-l j 0.0 I :: 112 1000
~U + 17Zn 8.778 973 973 solid ~ 0.0 \ 0,0 -60.0 530

b+Ni 8.695 1083 1083 solid 0.0 I 0.0 71.0 610

Pu+ 12Zn 8.409 973 973 solid ~ 0.0 I 0.0 71.3 600

2Si+U 8.369 1663 1663 solid ~ 0.0 106 940
2B+Hf 8.232 3945 3653 liquid [ 0.0 I :: 401 3300

1.94C + Th 8.230 2211 z~ll solid [ 0.0 I 0.0 138 1140

2Ce + Pb 8.194 1653 >1652 s-l [ 0.0 ] 0.0 81.5 665
~C+Th 8.169 3073 3073 solid 4 0.0 I 0.0 179 1280

c + 2M0 7.662 1077 1077 solid i 0.0 I 0.0 62.3 477
~Si+w 7.480 1549 1549 soiid ~ 0.0 I 0.0 92.6 693

+ 2Nb 7.328 2634 2634 solid ! 0.0 / 0.0 230 1680

3Mo + Si 7.308 1278 1278 solid i 0.0 I 0.0 76.9 56?

B+Th 7.240 1823 1823 so[id j 0.0 I 0.0 189 1360

2Si + Ta 7.086 1781 1781 solid i 0.0 I 0.0 120 8510

l+Pd 7.072 2725 2653 liquid ~ 0.0 / 0.0 327 2890

e+Zn 6.904 1413 >1098 liquid ~ 0.0 I 0.0 78.0 535

i+Pb 6.848 1~58 >754

‘:: :W” :2 E“

liquid

1+ 3Ni 6.820 1524 1524

6.816 1723 *

6.708 1403 1403

6.659 2323 2323 :: i- ::: :::
6.582 1205 * liquid ~ 0.0 i 0.0 89.8 591

6.522 3182 3182 solid ~ 0.0 [ 0.0 317 2070

Mo + 3Si 6.476 788 788 soiid ! 0.0 I 0.0 43.1 279

* More datfl needed for this calculation.
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Table 2b - Intermetallic Reactions (in Descending Order of Reactant Mixture Density) (cont.)

reactants adiabatic reaction state of gas production heat of reaction
temperature (K) intermetallic

constituents PTMD~ WIOphase wf phase product moles gas g of gas -Q, callg -Q, cal/cm3
g/cm3 changes changes per 100 g per g

3AI + Ta 6.407 665 665 solid 0.0 0.0 35.9 ~30

Bi + Li 6.319 1173 >689 liquid 0.0 0.0 85.5 535

2Ge + Nb fj.~69 1443 1443 solid 0.0 0.0 84.4 524

5Nb + 3Si 6.233 2518 2518 solid 0.0 0.0 222 1390

3C + 7Mn 6.130 742 742 solid 0.0 0.0 62.1 380

2B + Mo 6.091 1533 1533 solid 0.0 0.0 196 1280

3C + 7Cr 5.978 1175 1175 solid 0.0 0.0 136 813

2B + Nb 5.875 2793 2793 solid 0.0 0.0 524 3080
~Mg + Th 5.767 1067 1067 solid 0.0 0.0 54.0 311

3Cr + Si 5.558 1493 1493 solid 0.0 0.0 179 996
2CII + Mg 5.368 7? 1 721 solid 0.0 0.0 52.9 284

Al+ Cu 5294 935 935 solid 0.0 0.0 108 573

Si + 2Zr 5.291 2787 >2197 liquid 0.0 0.0 236 1250

Ci-Zr 5.276 3800 3800 solid 0.0 0.0 455 2400

2C+Ce 5.201 1779 1779 solid 0.0 0.0 170 884

3Ba + 2Bi 5.185 1673 * liquid 0.0 0.0 87.3 169

Al + Co 5.171 2195 >1912 s-1 0.0 0.0 307 1590

Al + Ni 5.165 2362 >1910 s-1 0.0 0.0 330 1710

3Si + 5Zr 5.141 1132 1132 solid 0.0 0.0 255 1310
~B+Zr 4.926 3783 3673 liquid 0.0 0.0 683 3360
_-?C+La 4.905 1973 1973 solid 0.0 0.0 178 870

5Cr + 3Si 4.900 1671 1671 solid 0.0 0.0 226 1110

c o+Si 4.862 1733 >1732 s-1 0.0 0.0 299 14!j0

Ni+Si 4,855 1838 >1265 s-l 0.0 0.0 235 1140

Al+Fe 4.844 1423 1423 solid 0.0 0.0 211 1f)~()

13Be + Pu 4.756 723 723 solid 0.0 0.0 100 4’76

B +V 4.749 2574 2574 solid 0.0 0.0 536 2540

~B+Mn 4.732 1386 1386 solid 0.0 0.0 294 ]39f)

c e+Mg 4.713 1552 * s-1 0.0 0.0 111 5:23

6B+Sm 4.684 1233 1233 solid 0.0 0.0 232 1050

13Be + U 4.679 773 773 solid 0.0 0.0 110 513

Al+Mn 4.676 803 803 solid 0.0 0.0 124 586

2B+Cr 4.622 1571 1571 solid O.c’ 0.0 306 1410
M0 + 2Si 4.581 1854 1854 solid O.cl 0.0 187 855

Fe+Si 4.564 1659 1659 solid O.cl 0.0 225 1020

ce + 2Si 4.547 ~083 * liquid O.cl 0.0 255 1100

c +V 4.499 ~lz] 2121 solid ().CI 0.0 383 1720

Nb + 2Si 4.463 1897 1897 solid 0.(1 0.0 201 898

,Mn+Si 4.415 1615 >1542 s-[ O.cl 0.0 224 989

6B+Ce 4.374 2388 2388 solid O.c) 0.0 395 1730

r+Si 4.316Oc 1231 1231 solid I 0.0 0.0 159 684 ,

* Moredm neededforthiscdcukuion.
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Table 2b - Intermetallic Reactions (in Descending Order of Reactant Mixture Density) (cont.)

gas production heat of reaction

-Q, caUg -Q, cal/cms

R%-k%-lH%-t+-i :1 =4=
329 1420

134 576

133 563

267 1130

0.0 I 0.0

=?=R3-k%-11-%-l-+1-++
E%=KEIR+HRE 560 I 2350

671 2810

240 1000

E%F+H-11-+-I-+* %--l-++%--l-+%
E%--W-II-+H-R9I-H%%%--w %--l--%
IFAl + Pr 4.094 1703 * 1~

*

216 [ 800

AI + 3Ti 4.071
3Mg + z~~ 4.039 ~+ +--l-+&0.0 I 0.0

* %--l-+8
0.0 I 0.0 a=277 1110

166 780

652 2560

336 1300

226 847

4AI + La 3.946 1495

B+Ti 3.922 3559 * w>2452

0.0 I 0.0
0- 1.7 I o-1

5Be + Nb 3.920 1663

Mn + 1.7Si 3.846 1433 166: m

0.0 I 0.0
0.0 I 0.0 I

&---R91-+-Lwl-+%- -%-t+-

K+-+3-11%--R-I* %+H %--l+%+
1 II I

Bi+K 3.723 1253 * Ii-=G=- 55 I 204

3Si + 5Ti 3.719 2548 >2402

3A1+ Fe / 3.688 1407 1407 w

0.0 0.0
0.0 0.0

428 I 1590

278 1020

240 872

222 804

1320 5170

231 637

120 430

71.4 254

110 380

k2%-HaR-H%-11-%+%-l-%-l
R%-H%-11+--w-lw-l +--H--l
\13Al+ Cr / 3.568 II 793 I 793 II solid \ 0.0 0.0

0.0 0.0
0.0 0.0
* *

llNa+ Sn I 3.548 II 1073 I 1073 II solid I
11 t

Na + Sb 3.453 1090 “ Jm
3AI + 2Ti I 3.448 “ *

\2Si + V / 3.429 3341 * H2023
! 11

158 544

0.0 0.0 700 ~400°

6B+y I 3.354 973 973 solid
iLvg+ y t 3.343 1943 * liquid

0.0 0.0 156 503

0.0 0.0 274 912

* More data needed for this calcul~ti on.
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Table 2b - Intermetallic Reactions (in Descending order of Reactant Mixture Density) (cont.)

r

reactants adiabatic reaction state of gas production heat of reaction
temperature (K) intermetallic

constituents PTMD, WIO phase WIphase product moles gas g of gas -Q, calfg -Q, ca%
gfcm’ changes changes per 100 g per g

2A] + Ti 3.326 1643 * 1-s * * 314 1100

Mo + 7Si 3.265 1823 1823 solid 0.0 0.0 206 940

Ba + 2C 3.236 1466 1466 solid 0.0 0.0 111 359

Ctt + 2Mg 3.199 665 665 solid 0.0 0.0 61.0 195

3A] + Ti 3.172 1591 1591 solid .0.0. 0.0 272 862

2Si + Ti 3.134 1913 >1772 s-1 0.0 0.0 308 967

2Ca + Sn 2,927 2994 >1407 iorg 0-.50 0-1 377 1100

Al + 2B 2.607 2251 >1~52 ]-g 0-2.1 0-1 742 1940

4A1+ 3C 2.574 1673 1673 solid 0.0 0.0 371 965

2C + Sr 2.518 1242 1242 solid 0.0 0.0 160 404

6B + Si 2.497 503 503 solid 0.0 0“.0 76.4 1“77

Ca + Si 2.490 2504 2504 liquid 0.0 0.0 529 13:20

4B+C 2.444 1202 1202 solid 0.0 0.0 308 751

S+Zn 2.419 4144 * ]-g* O.c’ 0.0 500 1210

C+Si 2.416 1914 1914 solid O.cl 0.0 436 1050

Mn+S 2.370 1394 1394 solid O.cl 0.0 164 390 -

4Al + Ca 2.248 1880 >972 s-i O.cl 0.0 348 782

6B+Mg 2.234 918 918 solid ().CI 0.0 251 600

Be+2C 2.131 3043 * ]-g 0-.33 0-1 1750 37:20

2Al + 3.S 2.102 * * * O.cl 0.0 800 1680

Bi+3K 2.071 1791 * liquid? * * 127 263

2Al + Ca 2.051 2836 1738 liquid O.cl 0.0 558 1140
Mg+S 2.037 7039 * * * * 1500 3060

2B+Mg 2.031 1706 1706 dec O.c) 0.0 479 972

2Be+C 1.995 1932 1932 solid 0.() 0.0 931 I860
2Mg + Si 1.956 1286 1286 solid 0.0 0.0 247 483

2C+Ca 1.757 1113 1113 solid 0.0 0.0 223 392

c a + 2Mg 1.649 801 801 solid 0.0 0.0 108 178

Al+Li 1.476 1160 >972 s-1 0.0 0.0 345 509

2C + 2Na 1.206 733 733 solid 0.0 0.0 137 165

1lCd+Pu 1.056 843 843 solid 0.0 0.0 31.0 293—

* More data needed for this caicu[ ation.
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Table 2C- Intermetallic Reactions (in Descending Order of Heat of Reaction per Unit Mass)

reactants

constituents

@rn3 mm==PTMD,

Be+ 2C 2.131 3043 * ].g 0-.33 0-1 1750 3720
Mg+S 2.037 7039 * * * * 1500 3060

2B + Ti 3.603 3710 3498 liquid 0.0 0.0 1320 5170

2Be + C 1.995 1932 1932 solid 0.0 0.0 931 1860

2Al + 3S 2.102 * * * 0.0 0.0 800 1680

Al + 2B 2.607 2251 >1252 ]-g 0-2.1 0-1 742 1940

C+Ti 3.754 3644 3523 liquid 0.0 0.0 736 2760

2Si + V 3.429 3341 2023 s-1 0.0 0.0 700 2400
~B+Zr 4.926 3783 3673 liquid 0.0 0.0 683 3360
Mg + Se 3.398 4817 * * * * 678 2300

2B+V 4.187 2960 2960 s-1 0.0 0.0 671 2810

B + Ti 3.922 3559 >~452 IOrg 0- 1.7 0-1 652 2560

6B+La 4.198 2503 * l-s 0.0 0.0 560 2350

2Al + Ca 2.051 2836 1738 liquid 0.0 0.0 558 1140

B +V 4.749 2574 2574 solid 0.0 0.0 536 2540

c a+Si 2.490 2504 2504 liquid 0.0 0.0 529 13~()

2B+Nb 5.875 2793 2793 solid 0.0 0.0 524 3080

s + Zn 2.419 4144 * ]-:* 0.0 0.0 500 l~lo

2B+Mg 2.031 1706 1706 dec 0.0 0.0 479 972

c + Zr 5.276 3800 3800 solid 0.0 0.0 455 2400

c + Si 2.416 1914 1914 solid 0.0 0.0 .436 1050

3Si + 5Ti 3.719 2548 >2402 s-1 0.0 0.0 428 1590

2B+Hf 8.232 3945 3653 liquid 0.0 0.0 401 3300

6B+Ce 4.374 2388 2388 solid 0.0 0.0 395 1730

c +V 4.499 2121 2121 solid 0.0 0.0 383 ]7~o

~Ca + Sn 2.927 2994 >1407 lcwg 0-.50 0-1 377 1100

4 Al + 3C 2.574 1673 1673 solid 0.0 0.0 371 965

4Al + Ca 2.248 1880 >972 s-1 0.0 / 0.0 348 782

Al+Li 1.476 1160 >972 s-1 0.0 0.0 345 509

5Be + Nb 3.920 1663 1663 solid I 0.0 ( 0.0 336 1300

Al+Ni 5.165 2362 >1910 s-1 0.0 / 0.0 330 1710
Mg+Te 4.311 4676 * *

I ‘lx. 329 1420

Al+Pd 7.072 2725 2653 liquid I 0.0 / 0.0 ~27 2890

c + Nb 9.678 3003 3003 solid I 0.0 I 0.0 321 2060

0.98C + Nb 6.5u 3182 3182 solid // 0.0 I 0.0 317 2070

c +Hf 9.084 4441 >4222 s-1 II 0.0 \ 0.0 315 2860

2Al+Ti 3.326 1643 * l-s 1{ * 1% 314 1100

4B +C 2.444 1202 1202 solid /l 0.0 / 0.0 308 751

2s i+Ti 3.134 1913 >1772 s-l I 0.0 I 0.0 .308 967

Al + co 5.171 2195 >1912 s-l ~ 0.0 / 0.0 307 1590

2B + Cr 4.622 - 1571 1571 solid I 0.0 I 0.0 306 1410

* More data needed forthiscalculation,
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Table 2C- Intermetallic Reactions (in Descending Order of Heat of Reaction per Unit Mass) (cont.)

reactants adiabatic reaction state of gas ~moduction heat of reaction
temperature (K) intermetaliic

constituents %MD, WIO phase WIphase product moles gas g of gas -Q, caUg -Q, caV~
gfcm’ changes changes per 100 g per g

Co+ Si 4.862 1733 >1732 s-1 0.0 0.0 299 1450

2B + Mn 4.732 1386 1386 solid 0.0 0.0 294 1390

3A] + Fe 3.688 1407 1407 solid 0.0 0.0 278 1020

5AI + 2C0 3.999 1755 >1452 s-1 0.0 0.0 277 1110

Si+Y 3.754 2108 * s-1 0.0 0.0 275 1000

Mg+ Y 3.343 1943 * liquid 0.0 0.0 274 912

3A] + Ti 3.172 1591 1591 solid 0.0 0.0 272 862

2A1 + Zr 4.240 1923 * l-s * * 267 1130

2Si + Zr 4.004 1988 1893 liquid 0.0 0.0 258 1040

Ce + 2Si 4.547 2083 * liquid 0.0 0.0 255 1100

3Si + 5Zr 5.141 1132 1132 solid 0.0 0.0 255 1310

6B + Mg 2234 918 918 solid 0.0 0.0 251 600

213+ Ta 10.36 2766 2766 solid 0.0 0.0 247 2560

2Mg + Si 1.956 1286 1286 solid 0.0 0.0 247 483

Al + Ti 3.628 1597 1597 solid 0.0 0.0 ~40 872
7.Ba + .cjn 4.153 2398 * l-g 0-.25 0-1 ~40 1000

Ca+ Sn 3.772 3622 >1272 Iorg 0 -1.5 0-1 239 903

s i + 2Zr 5.291 2787 >2197 liquid 0.0 0.0 236 1250

Ni + Si 4.855 1838 >1265 s-l \ 0.0 0.0 235 1140

6B+Sm 4.684 1233 1233 solid I 0.0 0.0 232 1050

4Al + Co 3.581 * * * * * 231 63’=

c + 2Nb 7.328 2634 2634 solid 0.0 0.0 230 1680

5Cr+3Si 4.900 1671 1671 solid 0.0 ~~6 1110

Mn + 1.7Si 3.846 1433 * s-1 ] :.: 0.0 226 847

Fe+Si 4.564 1659 1659 solid 0.0 0.0 225 102Q

Mni-Si 4.415 1615 >1542 s-1 0.0 0.0 ~~4 989

2C+Ca 1.757 1113 1113 solid 0.0 0.0 ~~3 392

c r + 2Si 3.625 1530 1530 solid 0.0 0.0 222 804

5Nb + 3Si 6.233 2518 2518 solid 1 0.0 0.0 222 1390

4 Al + Pr 4.094 I703 * s-! / 0.0 0.0 216 800

Al+Pt 11.63 3379 3073 liquid II 00 0.0 216 2510

Ai+Fe 4.844 1423 1423 solid II 0.0 0.0 211 1020

4 B+U 9.407 2124 2124 Esolid I 0.0 0.0 209 1960

Ge + 2Mg .4.123 1678 1391 s-1 J 0.0 0.0 207 853

Mo + 7Si 3.265 1823 1823 solid II 0.0 0.0 206 940

Nb + 2Si 4.463 1897 1897 solid II 0.0 0.0 201 898

3A1+V 3.412 1023 1023 solid Ii== 0.0 198 792 ~

2B+Mo 6.091 1533 1533 solid ]/ 0.0 0.0 196 1280

4B+Th 7.~40 1823 1823 solid I 0.0 0.0 189 1360

Mo + 2Si 4.581 1854 1854 solid 0.0 0.0 187 855

A1+ 3Ni 6.820 1524 1524 solid 1 0.0 0.0 180 1230

* More data needed for this calculation.
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Table 2C- Intermetallic Reactions (in Descending Order of Heat of Reaction per Unit Mass) (cont.)

reactants adiabatic reaction state of gas production heat of reaction
temperature (K) intermetalIic

constituents PTMD7 WIO phase WIphase product moles gas g of gas -Q, caUg -Q, cal/cm3
g/cm3 changes changes per 100 g per g

C+Ta I 1.90 2678 2678 solid 0.0 0.0 179 2120
2C + Th 8.169 3073 3073 solid [/ 0.0 0.0 179 1280

3Cr + Si 5.558 1493 1493 solid II 0.0 0.0 179 996

2C + La 4.905 1973 1973 solid 0.0 0.0 178 870

2Ca + Pb 4.105 1713 >1475 liquid 0.0 172 705

2C + Ce ~,~ol 1779 1779 solid I :: 0.0 I70 884
Li + Sb 4.123 1333 * liquid II 0.0 0.0 170 700
~Zn + ~ 6.816 1723 * 1-s II 0.0 0.0 170 1160

4Al + La 3.946 1495 * s-1 H 0.0 0.0 166 780

Mn+S 2.370 1394 1394 solid 0.0 0.0 164 390
~C+Sr ~.518 1242 1242 solid II 0.0 0.0 160 404

c r+Si 4.316 1231 1231 solid ~ 0.0 0.0 159 684

3Al + 2Ti 3.-$48 * * * * r 158 544
Mg+U 9.874 2213 * liquid H 0.0 0.0 157 1570

6B+Y 3.354 973 973 solid 1 0.0 0.0 156 503

2B+U 12.22 1335 1335 solid [] 0.0 0.0 149 1820

2Si + Th 6.659 2323 2323 solid 0.0 0.0 144 961

2Ba + Pb 4,025 1913 >1200 ].: ~ 0-.21 0-1 143 576

A1+ 3Ti 4.071 * * [* * 138 560

1.94C + Th 8~30 2Q11 ‘2~11 solid ~ 0.0 0.0 138 1140

2C + 2Na 1706 733 733 solid ~ 0.0 I 0.0 137 165

3C + 7Cr 5.978 1175 1175 solid I 0.0 0.0 136 813

Li+Sn 4-298 1516 * s-l ~ 0.0 \ 0.0 134 576

3Ba + 2Sb 4,152 1833 * liquid i = 1= I33 563

Bi+3K 2.071 1791 * liquid? != 1= 127 26-3

4 Al + Ce 4.095 1173 1173 solid g 0.0 I 0.0 126 458

Al+Mn 4.676 803 803 solid j 0.0 / 0.0 124 586

4Al + pu 6.708 1403 1403 solid ! 0.0 I 0.0 123 820
3Mg + 2Sb 4.039 1433 1433 solid ~ 0.0 I 0.0 121 484

3Al+ Cr 3.568 793 793 solid q 0.0 I 0.0 120 430

2Si+Ta 7.086 1781 1781 solid i 0.0 I 0.0 120 8510
2Mg + Sn 3.787 1163 1163 solid ~ !3.0 I 0.0 113 450

Pd+.Sn 8.966 1599 * s-1 2j 0.0 I 0.0 112 1000

Ba+2C 3236 1466 1466 solid j 0.0 I 0.0 111 359

c e+Mg 4.713 1552 * s-l ~ 0.0 I 0.0 111 523

13Be+U I 4.679 773 773 solid ~ 0.0 / 0.0 110 513

Na+Sb / 3.453 1090 * liquid ~ 0.0 I 0.0 110 380

Al + Cu 5.294 935 935 solid i 0.0 1 00 108 573

c a + 2hfg 1.649 801 801 solid
I

108 178

2s i+U 8,369 1663 1663 solid
; ;:; ; ;:;

106 940

13Be i- Pu 4.756 723 723 solid [ 0.0 / 0.0 100 476

* More data needed for this calculation.

39



Table 2C- Intermetallic Reactions (in Descending Order of Heat of Reaction per Unit Mass) (cont.)

r
reactants adiabatic reaction state of

-F

gas production heat of reaction
temperature (K) intermetallic

constituents PTMD, WIO phase WIphase product moles gas g of gas -Q, callg -Q, callcm3
gicm3 changes changes per 100 g per g

2C+U 11.29 1573 1573 solid ~~ 0.0 95.5 1080

C+u 13.96 1871 1871 solid I 0.0 0.0

t--

93.6 1310
~Si + W 7.-$80 1549 1549 solid \ 0.0 0.0 92.6 693

4A1 + U 6.582 1~05 * liquid m 00 89.8 591

3Ba + 2Bi 5.185 1673 * liquid [ 0.0 0.0 87.3 169

Bi + Li 6.319 1273 >689 Iiquid m 0.0 85.5 535
~Ge + Nb 6269 1443 1443 solid ~ 0.0 0.0 84.4 524

5B + 2W 10.37 ]233 1233 solid II 0.0 0.0 83.0 1350
~Ce + pb 8.194 1653 >1652 s-1 ~ 0.0 0.0 81.5 665

3Si -t 5Ta 11.19 920 920 solid n ?.0 80.9 906

Ce + Zn 6.904 1413 >1098 liquid ~ 0.0 0.0 78.0 535

3M0 + Si 7.308 1~78 1278 solid [ 0.0 0.0 76.9 562

Si + 2Ta i 1.79 1836 1836 solid ~ 0.0 0.0 76.9 907

6B + Si 2.497 503 503 solid ~ 0.0 0.0 76.4 177

Na + Sn 3.548 1073 1073 solid { 0.0 0.0 71.4 254

Pu + I2Zn 8.409 973 973 solid ~ 0.0 0.0 71.3 600 ._

Nb + Ni 8.695 1083 1083 solid ~ O.C 0.0 71.0 610

Li+Pb 6.848 1258 >754 liquid I O.C 0.0. 67.2 460

c + 2M0 7.662 1077 1077 solid { O.c 0.0 62.3 4’77

3C + 7Mn 6.130 742 742 solid ~ O.CI 0.0 62.1 380

c Ui- 2Mg 3.199 665 665 solid ~ 0.(1 I 0.0 61.0 I95

2U+ 17Zn 8.778 973 973 solid ~ 0.0 0.0 60.0 530

Al+Ta 9.952 1011 1011 solid { 0.0 0.0 56.7 564

B i+K 3.723 1253 * liquid ~ 0.0 0.0 55.0 204

2Mg + Th 5.767 1067 1067 solid / 0.0 I 0.0 54.0 311
~Cu + M: 5.368 721 721 solid / 0.() I 0.0 I 52.9 284

c +W 13.20 1259 1259

c u+Pd 10.64 873 ‘“’id ~~, ::: ::;873 solid

5Mo + 3Si 6.476 788 788 solid I 0.0 43.1 279

3Al + Ta 6.407 665 665 solid n) / 0.0i 35.9 230

1lcd+Pu 1.056 843 843 solid I} 0.9 I 0.0 ~ 31.0 293

* Moredata needed for fhis calcub! ion
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Table 2d. Intermeta[lic Reactions (in Descending Order of Heat of Reaction per Unit Volume)

r

reactants

constituents

@cm mE!!!!El .:~::~ ‘u;:, w
PTMD{

2Si + Ta 7.086 1781 1781 solid 0.0 0.0 1~o 8510

~B + Ti 3.603 3710 3498 liquid 0.0 0.0 1320 5170

Be+ 2C 2.131 3043 * Q 0-.33 0-1 1750 37~o

2B+Zr 4.926 3783 3673 liquid 0.0 0.0 683 3360

2Bi-Hf 8.~3~ 3945 3653 liquid 0.0 0.0 401 3300
~B + Nb 5.875 2793 2793 solid 0.0 0.0 5~~ 3080

Mg+S 2.037 7039 * * * . 1500 3060

Al + Pd 7.072 2725 2653 liquid 0.0 0.0 317 2890

C +Hf 9.084 4441 >4~22 s-I 0.0 0.0 315 ~g(jo

l~+v 4.187 2960 2960 s-1 0.0 0.0 I 671 2810

C+Ti 3.754 3644 3523 liquid 0.0 0.0 736 2760
~B + Ta 10.36 ~7fj6 2766 solid 0.0 0.0 147 2560

B+Ti 3.922 3559 >~452 lorg 0- 1.7 0-1 652 ~560

B+V 4.749 2574 2574 solid 0.0 0.0 536 ~540

l+Pt 11.63 3379 3073 liquid 0.0 0.0 216 ~510

C+Zr 5.276 3800 3800 solid 0.0 0.0 455 2400

~Si + V 3.429 334 I 2023 s-1 0.0 0.0 700 ~400

6B + La 4.198 ~503 * l-s 0.0 0.0 560 ~350

g+Se 3.398 4817 * * * * 678 2300

+ Ta 11.90 2678 2678 solid 0.0 0.0 179 z]~o

.98C + Nb 6.522 3182 3182 solid 0.0 0.0 317 2070

+ Nb 9.678 3003 3003 solid 0.0 0.0 { 3-1“-l ~060 .

B+U 9.407 2124 2124 solid 0.0 0.0 209 1960

1+2B 2.607 2251 >1252 l-g 0-2.1 0-1 / 742 1940
~Be+C 1.995 1932 1932 solid 0.0 0.0 931 1860
~B+U 12.22 1335 1335 solid 0.0 0.0 It 149 18~o

6B+Ce 4.374 2388 2388 solid 0.0 0.0 jj 395 1730

c +V 4.499 2121 2121 solid 0.0 0.0 II 383 I7~o

l+Ni 5.165 2362 >1910 s-l 0.0 0.0 II 330 1710

2Al+ 3S 2.102 * * * 0.0 0.0 /~ 800 1680

+ 2Nb 7.328 2634 2634 solid 0.0 0.0 1{ 230 1680

I+co 5.171 2195 >1912 s-1 0.0 0.0 ]] 307 1590

3Si + 5Ti 3.719 2548 >2402 s-l 0.0 0.0 II 428 1590

g+u 9.874 ~2]3 * liquid 0.0 0.O I 157 1570

o+Si 4.862 1733 >1732 s-1 0.0 0.0 II 299 1450
Mg+Te 4.311” 4676 * * * . /] 329 ]420

~B+Cr 4.622 1571 1571 so{id 0.0 0.0 It 306 1410

2Bi-Mn 4.732 1386 1386 solid 0.0 0.0 ~} 294 I 1390

5Nb+3Si 6.233 2518 2518 soIid 0.0 / 0.0 // 222 ~ 1390

B+Th 7.240 1g~3 1823 solid 0.0 I 0.0 ~~ 189 1360

Bi-2W 10.37 1233 1233 solid 0.0 0.0 83.0 1350 k

* More dam needed for this calculation.
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Table 2d - IntermetaIlic Reactions (in Descending Order of Heat of Reaction per Unit Volume) (cont.)

reactants adiabatic reaction state of gas production heat of reaction
temperature (K) intermetallic

constituents PTMD~ WIO phase WIphase product moles gas g of gas -Q, caUg -Q, caUcm3. .
gicm3 changes changes per 100 g per g

Ca + Si 2.490 Z504 2504 liquid 0.0 0.0 529 132.0

C+u 13.96 1871 1871 solid 0.0 0.0 93.6 1310

3Si + 5Zr 5.141 1132 1132 solid 0.0 0.0 255 1310
5Be + Nb 3.920 1663 1663 solid 0.0 0.0 336 1300

2B + Mo 6.091 1533 1533 solid 0.0’ 0.0 196 1~~()

2C + Th 8.169 3073 3073 solid ().CI 0.0 179 l~~o

Si + 2Zr 5.29] 2787 >~197 liquid O.cl 0.0 236 1250,

Al+ 3Ni 6.820 ]524 1524 solid 0.0 0.0 180 I230
S+Zn 2.419 4144 * ].g* 0.0 0.0 500 ]~lo

2Zn + Zr 6.816 1723 * 1-s 0.0 0.0 170 1160
2A]+ Ca 2.051 2836 1738 liquid 0.0 0.0 558 1140

1.94C + Th 8.230 2211 2211 solid 0.0 0.0 138 11-$0

Ni + Si 4.855 1838 >1265 s-1 0.0 0.0 235 11.$0

2Al+Zr . 4.240 1923 * 1-s * * 267 11.30

5Al + 2C0 3.999 1755 >1452 s-1 0.() 0.0 277 1110

5Cr + 3Si 4.900 1671 1671 solid 0.0 0.0 226 1110 .-

2Al + Ti 3.326 1643 * 1-s * * 314 1100

2Ca + Sn 2.927 2994 >1407 Iorg 0-.50 0-1 377 I I 100

Ce + 2Si 4.547 2083 * liquid 0.0 0.0 255 I 1100
~c+l_J 11.29 1573 1573 solid 0.0 0.0 95.5 1080

6B + Sm 4.684 1233 1233 solid 0.0 0.0 232 1050

C+Si 2.416 1914 1914 solid 0.0 0.0 436 1050

2Si + Zr 4.004 1988 1893 liquid 0.0 0.0 258 I 1040

Al + Fe 4,844 1413 1423 solid o,l~ 0.0 211 { 1020

3A] + Fe 3.688 1407 1407 solid 0.’0 0.0 278 I 1020

Fe + Si 4.564 1659 1659 solid 0.0 0.0 225 ]“ 1020
~Ba + Sn 4.153 2398 * ]-g 0-25 0-1 ~Jo 1000

Pd + Sn 8.966 1599 * s-1 0.0 0.0 I]z I I000

Si+Y 3.754 2108 * s-l 0.0 0.0 275 I 1000

3Cr + Si 5.558 1493 1493 solid 0.0 0.0 179 { 996

Mn + Si 4.415 1615 >1542 s-1 0.0 0.0 224 j 989

2B+Mg 2.031 1706 1706 dec 0,0 0.0 479 I 972

2 Si + Ti 3.134 1913 >1772 s-l 0.0 0.0 308 I 967

4Al + 3C 2.574 1673 1673 solid 0,0 0.0 371 I 965

2Si + Th 6.659 2323 2323 solid 0,0 0.0 144 I 961

Mo-t7Si 3.265 1823 1823 solid 00 0.0 ~06 I gqo

2Si+U 8.369, 1663 1663 solid 0,0 0.0 106 j 940
Mg+ y 3.343 1943 * liquid 0,0 0.0 274 /

‘+

012

s i + 2Ta 11.79 1836 1836 soiid 0.0 0.0 76.9 ~ 907

3Si + 5Ta 11.19 9~o 920 solid 0.0 0.0 80.9 I I906

c a+Sn 3.772 3622 >1272 lorg 0- 1.5 0-1 239 I 903

* More dma needed forthiscalcu laden.

42



,’,

.

Table 2d - Intermetallic Reactions (in Descending Order of Heat of Reaction per Unit Volume) (cont.)

II reactants adiabatic reaction II state of gas production
II

heat of reaction

-wmoles gas g of gas -Q, cal/g -Q, cal/cm2

E%=E%%H%IR=II%%$HH
3A] + Ti 3.172

Mo + 2Si 4.581

Ge + 2Mg 4.123

Mn + 1.7Si 3.846

4AI + pu 6.708

3C + 7Cr 5.978
Cr + ~Si 3.625

4AI + Pr 4.094

3A] i-V 3.412

4A1 + Ca 2.248

4A1 + La 3.946

4B+C 2.444

2Ca + Pb 4.105

Li + Sb 4.123

*k%it%-twR-HHl
1%78 t 1391 l]” s-1 II 0.0 I 0.0 II 207 I 853 II

1433 * s-1 0.0 0.0 226 847

1403 1403 solid 0.0 0.0 ]23 820

+H-+-11-+%-lH--l-+HR-R-i
+-I-+-11-+-IH-H-IR-I-+-I

1880 I >972 II s-1 II 0.0 I 0.0 II 348 I 782 -II

%--l--a+--+-lt%-it+it%-i%-i
+--PwI+%-ll-%-t+t%-t+-l

w-t+% +%--R-lI--11l+-%-lwl1+%+11l
2Ce + Pb 8.194

C+w 13.20

4A1 + Co 3.581

Nb + Ni 8.695

6B + Mg 2.234

Pu + 12Zn 8.409

4A] + U 6.582

@ + Mn 4.676

2Ba + Pb 4.025

T-i + Sn 4.298

Al + Cu 5.294

,A1+ Ta 9.952

+?-t+-11-+%-lR-t+-il--#HH
+-I-+-IRHI-%-I-+R--H%-I
+%-kR-lH+%i-t+l+-1%-l

935 935 solid 0.0 0.0 108 / 573

1011 1011 solid 0.0 0.0 56.7 564

1833 * liquid * * 133 563

1278 1278 solid 0.0 0.0 76.9 562&%--t%H

E
1+ 3Ti 4.071

3AI + 2Ti 3.448

Bi + Li 6.319

Ce + Zn 6.904
~f-,1+ 17Zn 8.778

2Ge + Nb 6.269 ~

+--l-+l+-K-t+HH-+H

e+Mg 4.713 [ 1552 * s-1 II 0.0 0.0 111 523 !

* More data needed for this calculation.
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Table 2d - Intermetallic Reactions (in Descending order of Heat of Reaction per Unit Volume) (cont.)

* Moredata needed for this calculation.

44

reactants adiabatic reaction state of gas production heat of reaction
temperature (K) intermetallic

constituents PTMD, wfo phase WIphase product moles gas g of gas -Q, calJg -Q, cal/cm3
g/cm3 changes changes per 100 g per g

13Be+U 4.679 773 773 solid 0.() 0.0 110 513

Al + Li 1.476 1160 >972 s-1 0.() 0.0 345 509

6B+Y 3.354 973 973 solid 0.() 0.0 156 503
3Mg + 2Sb 4.039 1433 1433 solid 0.() 0.0 121 484
2Mg .+Si 1.956 ]286 1286 solid 0.0 0.0 247 483

C + 2M0 7.662 1077 1077 solid 0.0 0.0 62.3 477

13Be + Pu 4.756 723 723 solid 0.0 0.0 100 476

Cu + Pd 10.64 873 873 solid O.lj 0.0 44.5 472

Li + Pb 6.848 1258 >754 liquid o.1~ 0.0 67.2 460

4A1+ Ce 4.095 1173 1173 solid 0.’9 0.0 126 458

2Mg + Sn 3.787 1163 1163 solid 0.0 0.0 113 4.50

3A1+ Cr 3.568 793 793 solid 0.0 0.0 1~o 4.30

2C + Sr ~.j18 1242 1242 solid 0.0 0.0 160 404
2C + Ca 1.757 1113 1113 solid 0.0 0.0 223 392

Mn+S 2.370 1394 1394 solid 0.0 0.0 164 390

3C + 7Mn 6.130 742 742 solid 0.0 00 62.1 380

Na + Sb 3.453 1090 * liquid 0.0 0.0 110 380
Ba + 2C 3136 1466 1466 solid 0.0 0.0 111 359

2Mg + Th 5.767 1067 1067 solid 0,0 0.0 54.0 311

1lCd+Pu 1.056 843 843 solid 00 0.0 31.0 :~93

2Cu -I-Mg 5.368 721 721 solid 00 0.0 52.9 ;~84

5Mo +-3Si 6.476 788 788 solid 00 0.0 43.1 :279

Bi+3K 2.071 1791 * liquid? :k * 127 263

Na+Sn 3.548 1073 1073 sol id 0.0 0.0 71.4 ’254

3Al + Ta 6.407 665 665 solid 0.0 0.0 35.9 230

Bi+K 3.713 1253 * liquid 0.0 0.0 55,0 204

c U •I-2Mg 3.199 665 665 solid 0.0 0.0 61.0 195

c a + 2Mg 1.649 801 801 solid 0.0 0.0 108 178

6B+Si 2.497 503 503 solid 0.0 0.0 76.4 177

3Ba + 2Bi 5.185 1673 * liquid 0.0 0.0 87.3 169

2C + 2Na 1,~06 733 733 sol id 0.0 0.0 137 165



Table 2e. Intermetallic Reactions (in Descending Order of Reaction Temperature)

EBHEE
C -+Hf 9.084 4441 >4222 s-l 0.0 0.0 315 2860

C+Zr 5.276 3800 3800 solid 0.0 0.0 455 2400

2B + Zr 4.926 3783 3673 liquid 0.0 0.0 683 3360

2B + Hf 8.232 3945 3653 liquid 0.0 0.0 401 3300

C+Ti 3.754 3644 3523 liquid 0.0 0.0 736 2760
~B + Ti 3.603 3710 3498 liquid 0.0 0.0 1320 5170

8.98C + Nb 6.522 3182 3182 solid 0.0 0.0 317 2070

Al+ Pt 11.63 3379 3073 liquid 0.0 0.0 ~16 251f)

2C + Th 8.169 3073 3073 solid 0.0 0.0 179 128(I

C+Nb 9.678 3003 3003 solid 0.0 0.0 3~1 ~060

2B+V 4.187 2960 2960 s-l 0.0 0.0 671 ~8]o

2B + Nb 5.875 2793 2793 solid 0.0 0.0 524 3080

2B + Ta 10.36 2766 2766 solid 0.0 0.0 247 ~56(3

C+Ta 11.90 2678 2678 solid 0.0 0.0 179 21Z()

Al + Pd 7.072 2725 2653 liquid 0.0 0.0 327 2890

C + 2Nb 7.328 2634 2634 solid 0.0 0.0 23(J I680

13+v 4.749 2574 2574 solid 0.0 0.0 536 ‘754(3

5Nb + 3Si 6.233 2518 2518 solid 0.0 0.0 ~~~ 1390

Ca + Si 2.490 2504 2504 liquid 0.0 0.0 529 13~o

B + Ti 3.9~~ 3559 >2452 lorg 0- 1.7 0-1 652 ~560

3Si + 5Ti 3.719 2548 >2402 s-1 0.0 0.0 428 1590

6B+Ce 4.374 2388 2388 solid 0.0 0.0 395 1730

2Si + Th 6.659 2323 2323 solid 0.0 0.0 144 961

1.94C + Th 8.230 2211 2211 solid 0.0 0.0 138 1140

s i + 2Zr 5.291 2787 >2197 liquid 0.0 0.0 236 [250

4B+(J 9.407 2124 2124 solid 0.0 0.0 209 1960

c +V 4.499 ‘2121 2121 solid 0.0 0.0 383 1720

2Si+V 3.429 3341 2023 s-1 0.0 0.0- 700 ~4f)()

2C+La 4.905 1973 1973 solid 0.0 0.0 178 870

2Be+C 1.995 1932 1932 solid 0.0 0.0 931 “[860

c + Si 2.416 1914 1914 solid 0.0 0.0 436 1050

AI+CO 5.171 2195 >1912 s-1 0.0 0.0 307 1590

Al+Ni 5.165 2362 >1910 s-1 0.0 0,0 330 1710

Nb + 2Si 4.463 1897 1897 solid 0.0 0.0 ~OJ 898

‘2Si + Zr 4.004 1988 1893 liquid 0.0 0.0 258 1040

c +U 13.96 1871 1871 solid 0.0 0.0 93.6 1310

Mo + 2Si 4.581 1854 1854 solid 0.0 0.0 187 855

S[“ + 2Ta 11.79 1836 1836 solid 0.0 0.0 76.9 907

# B+Th 7.240 1823 1823 solid 0.0 0.0 189 1360

Mo + 7Si 3.265 1823 1823 solid 0.0 0.0 206 940

2Si + Ta 7.086 1781 1781 solid 0.0 0.0 ]Z() 8510

* Mom data needed for this calculation,
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Table 2e - Intermetallic Reactions (in Descending order of Reaction Temperature) (cont.)

1
reactants adiabatic reaction state of gas production heat of reaction

temperature (K) intermetallic

constituents PTMD> WIO phase WJ phase product moles gas g of gas -Q, callg -Q, caUcm3
g/cm3 changes changes per 10IDg per g

2C + Ce 5.201 1779 1779 solid 0.0 0.0 170 884

2Si + Ti 3.134 1913 >1772 s-1 0.0 0.0 308 967

2AI + Ca 2.051 2836 1738 liquid 0.0 0.0 558 1140

Co+ Si 4.862 1733 >1732 s-1 0.0 0.0 299 1450

2B + Mg 2.03 I 1706 1706 dec 0.0 0.0 479 972

4AI + 3C 2.574 1673 1673 solid 0.0 0.0 371 965

5Cr + 3Si 4.900 1671 1671 solid 0.0 0.0 226 1110

5Be + Nb 3.920 1663 1663 solid 0.0 0.0 336 1300

2Si+ U 8.369 1663 1663 solid 0.0 0.0 106 940
Fe+ Si 4.564 1659 1659 solid 0.0 0.0 225 102,0

2Ce + Pb 8.194 1653 >1652 s-1 0.0 0.0 81.5 665

Al+ Ti 3.628 1597 1597 solid 0.0 0.0 240 872

3A] + Ti 3.172 1591 1591 solid 0.0 0.0 272 862

2C+U 11.29 1573 1573 solid 0.0 0.0 95.5 1080

2B + Cr 4.622 1571 1571 solid 0.0 0.0 306 [410

2Si + W 7.480 1549 1549 solid 0.0 0.0 92.6 693

Mn + Si 4.415 1615 >1542 s-1 0.0 0.0 224 989

2B+Mo 6.091 1533 1533 solid 0.0 0.0 196 1280

Cr + 2Si 3.625 1530 1530 solid 0.0 0.0 222 804

Al + 3Ni 6.820 1524 1524 solid 0.0 0.0 180 1230

3Cr + Si 5.558 1493 1493 solid 0.0 0.0 179 996

2Ca + Pb 4.105 1713 >1475 liquid 0.0’ 0.0 172 705

Ba+2C 3.236 1466 1466 solid O.c’ 0.0 111 359

5Al -I-2C0 3.999 1755 >1452 s-1 O.cl 0.0 277 11[0

2Ge + Nb 6.269 1443 i443 solid O.cl 0.0 84.4 5:24

3Mg + 2Sb 4.039 i433 1433 solid ().CI 0.0 121 484

A l+Fe 4.844 1423 1423 solid 0.(1 0.0 211 1020

3Al + Fe 3.688 1407 1407 solid 0.(1 0.0 278 1020

2Ca+Sn 2.927 2994 >1407 Iorg 0-.50 0-1 377 1100

4Al i- pu 6.708 1403 1403 solid 0.0 0.0 123 820

Mn+S 2.370 1394 1394 solid 0.() 0.0 164 390

Ge + 2Mg 4.123 1678 1391 s-l 0.0 0.0 207 853

2B+Mn 4.732 1386 1386 solid 0.0 0.0 294 1390

213+u 12.22 1335 1335 solid 0.0 0.0 149 1820
2Mg + S1 1.956 1286 1286 solid 0.() 0.0 247 483

3Mo + Si 7.308 1278 1278 solid 0.() 0.0 76.9 562

c a+Sn 3.772 3622 >1272 Iorg 0- 1.5 0-1 239 903

Ni+Si 4.855 1838 >1265 s-1 0.() 0.0 235 1140

c +W 13.20 1259 1259 solid 0.() 0.0 49.0 647

AI+2B 2.607 2251 >1252 l-g 0- 2..1 0-1 742 1940

2C+Sr 2.518 1242 1242 solid 0.() 0.0 160 404

* More data needed for this calculation.
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Table 2e - Intermetallic Reactions (in Descending Order of Reaction Temperature) (cont.)

reactants adiabatic reaction state of gas production heat of reaction
temperature (K) intermetallic

constituents PTMD, WIOphase w/ phase product moles gas g of gas -Q, caVg -Q, caVcm3
g/cm3 changes changes per 100 g per g

6B + Sm 4.684 1233 1233 solid 0.0 0.0 232 1050

5B + 2W 10.37 1233 1233 solid 0.0 0.0 83.0 1350

Cr + Si 4.316 1231 1231 solid 0.0 0.0 159 684

4B+C 2.444 1202 1202 solid 0.0 0.0 308 751

2Ba + Pb 4.025 1913 >1200 ]-g o.>~1 0-1 143 576

3C + 7Cr 5.978 1175 1175 I solid 0.0 0.0 136 813

4Al + Ce 4.095 1173 1173 so1id 0.0 0.0 126 458
~Mg + Sn 3.787 1163 1163 I solid 0.0 0.0 113 450

3Si + 5Zr 5.141 1132 1132 solid 0.0 0.0 155 1310
~C+Ca 1.757 1113 1113 solid 0.0 0.0 ~~3 392

c e+Zn 6.904 1413 >1098 liquid 0.0 0.0 78.0 535

N b+Ni 8.695 1083 1083 solid 1 0.0 0.0 71.0 610

c + 2M0 7.662 1077 1077 solid 0.0 0.0 62.3 477

Na+Sn 3.548 1073 1073 solid 0.0 0.0 71.4 254

2Mg + Th 5.767 1067 1067 solid 0.0 0.0 54.0 311

3AI+V 3.412 1023 1023 solid 0.0 0.0 198 792

A l+Ta 9.952 1011 1011 solid 0.0 0.0 56.7 564

6B+Y 3.354 973 973 solid 0.0 0.0 156 503

Pu+12Zn 8.409 973 973 solid 0.0 0.0 71.3 600

2U+ 17Zn 8.778 973 973 solid 0.0 0.0 60.0 530

4Al + Ca 2~~8 1880 >972 s-1 0.0 0.0 348 782

Al+Li 1.476 1160 >972 s-1 0.0 0.0 II 345 509

Al+cu 5,294 935 935 solid I 0.0 0.0 108 573

3Si + 5Ta 11.19 9~o 920 solid 0.0 0.0 80.9 906

6B+M: 2,234 918 918 solid 0.0 - 0.0 251 600

c u+Pd 10.64 873 873 solid 0.0 0.0 11 44.5 472

1lCd+Pu 1.056 843 843 I solid 0.0 0.0 31.0 293

Al+Mn 4.676 803 803 solid 0.0 0.0 II 124 586

c a + 2Mg 1.649 801 801 I solid 0.0 0.0 108 178

3Al + Cr 3.568 793 793 solid 0.0 0.0 1~o 430

5Mo + 3Si 6.476 788 788 solid 0.0 0.0 43.1 279

13Be+U 4.679 773 773 solid 0.0 \ 0.0 II 110 513

Li + Pb 6.848 1258 >754 liquid 0.0 I 0.0 II 67.2 460

3C + 7Mn 6.130 742 742 solid 0.0 0.0 I 62.1 380
~c + 2Na 1.206 733 733

13Be + Pu 4.756 723 723

2Cu+Mg 5.368 721 721 ; ::, l%!=!% ‘:.9 :
Bi + Li 6.319 1273 >689 liquid }1 0.0 \ 0.0 II 8;.5 535
3Al+Ta 6.407 665 665 solid II 0.0 I 0.0 Ii 35.9 230

Cu + 2Mg 3.199 665 665 solid I 0.0 / 0.0 I 61.0 195

6B +Si 2.497 503 503 soiid I 0.0 0.0 76.-I 177

* More data needed forthiscalculation.
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Table 2e - Intermetallic Reactions (in Descending Order of Reaction Temperature) (cont.)

reactants adiabatic reaction state of gas ]production heat of reaction
temperature (K) intermekdlic

constituents pThl~, WIOphase WIphase product moles gas g of gas -Q, callg -Q, cal/cm3
g/cm3 changes changes per 100 g per g

Mg+S 2.037 7039 * * * * 1500 3060

Mg + Se 3.398 4817 * * * * 678 2300

M: + Te 4.311 4676 * * * * 329 1420

S+Zn 2.419 4144 * ].g* 0.0 0.0 500 1210

Be+ 2C 2.131 3043 * @ o-.33 0-1 1750 3720

6B + La 4.198 2503 * l-s 0.0 0.0 560 2350
~Ba + Sn 4.153 2398 * ]-g 0-.25 0-1 240 1000

Mg+U 9.874 2213 * liquid 0.0 0.0 157 1570

Si+Y 3.754 2108 * s-I 0.0 0.0 275 1000

Ce + 2Si 4.547 2083 * liquid 0.0 0.0 255 1100

Mg+ Y 3.343 1943 * liquid 0.0 0.0 274 912

2A1+ Zr 4.240 1923 * 1-s * * 267 1130 I
3Ba + 2Sb 4.~52 1833 * liquid * * 133 563 ~

Bi + 3K 2.071 1791 * liquid? * * 127 2(7

2Zn + Zr 6.816 1723 * 1-s 0.0 0.0 170 1160 1

4Al + Pr 4.094 1703 * s-1 0.0 0.0 216 800

3Ba + 2Bi 5.185 1673 * liquid 0.0 0.0 87.3 169

2Al + Ti 3.326 1643 * l-s * * 314 1100

Pd+Sn 8.966 1599 * s-1 0.0 0.0 112 1000

c e+Mg 4.713 1552 * s-l 0.0 0.0 111 5;~3

Li+Sn 4.298 1516 * s-1 0.0 0.0 134 5’76

4 Al + La 3.946 1495 * s-l 0.0 0.0 166 780

Mn + 1.7Si 3.846 1433 * s-1 0.0 0.0 226 847

Li+Sb 4.123 1333 * liquid O.cl 0.0 170 700

Bi+K 3.723 1253 * liquid 0.0 0.0 55.0 204

4A1+U 6.582 1205 * liquid 0.0 0.0 89.8 591

Na+Sb 3.453 I090 * liquid 0.0 0.0 110 380

4Al + Co 3.581 * * * * * 231 637

2Al + 3S 2.102 * * * 0.0 0.0 800 1680

A1+ 3Ti 4.071 * * * * * 138 560

3Al + 2Ti 3.448 *. * * * * 158 544

* More dots needed for this calcuia(ion.
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Table 2f - Intermetallic Reactions (in Descending Order of Moles of Gas Produced)

heatofreaction II
==F==lIj constituents I p-rN~, II W/Ophase I wlphase II product II moles gas\ gofgas

glcm’ changes changes ~ per 100 g per g
Al + 2B 2.607 2251 >1252 i-g 0-2.1 o- I

I
742 1940 i

B+Ti 3.922 3559 >2452 11._Jzd 0-’7 ! 0-’ 652 2560 II

%--t%HI
k%-1--wk%--11+liwiw %H-%R-l

K%-R%-IK%RH+-IH-I--%- -%-l+-+
I 1{ 1 !

IA1+-CO I 5.171 2195 >1912 i~l 0.0 0.0

t%-tH-lR2-t7-aH-H--lH--+%+%
K--R%-IR%--P=I+-IRI+--+ %&%H[ It

lbl+Li 1.476 1160 i ’972 Iml 00 i 00 %-l--%+
E=EEii‘E : 0 : %-t-H-i

1

327 2890 I

%%%?kw--H%lR-%+MH---w
BR-1-%91+-t+-11+-lt%-t%-l *

Fl+Ta 9.952 1o11 I ‘0” 1~1 00 ! 00 I

FH--R-9l+-w-lt+%i-ll-+-t%+
W--kH-ll+--+1++%+11+lt+tl-l 198 792

308 751

395 1730

306 1410

K+-1%-IR%--R-IWI--HHHHr 1 1 J-

2B + Mg 2.031 1706 1706 dec 0.0 0.0 479 972

6B + Mg 2.234 918 918 solid 0.0 0.0 25 I 600

2B + Mn 4.732 1386 1386 solid 0.0 0.0 294 1390



Table 2f - Intermetallic Reactions (in Descending Order of Moles of Gas Produced) (cont.)

=mE=F=moles gas g of gas -Q, callg -Q, cal/cm

II reactants

constituents PTMD,
g/cm3

2B -I-Mo 6.091

2B + Nb 5.875

6B + Sm 4.684

6B + Si 2.497

2B + Ta 10.36

4B + Th 7.240

2B + Ti 3.603

+%-1-+wI-+Hl-+-l-+l%i-t-%.

1823 / 1823 II solid II 0.0 I 0.0 // 189 ! 1360

3710 I 3498 1] liquid II 0.0 I 0.0 II 1320 I 5170

K=i5+%--R-lI++H+-il%--t+%
+--l%-lI-+%--+++t+n+nlbB + 2W I 10.37

6B+Y 3.354

2B + Zr 4.926 3783 I 3673 II liquid II o.O I 0.0 Ii 683 I 3360

3Ba + 2Bi 5.185

Ba + 2C 3.236

2Be + C 1.995

5Be + Nb 3.920

13Be + Pu 4.756

13Be+U 4.679

Bi+K 3.723 :

Bi + Li 6.319 I

1673 I* II liauid II 0.0 t 0.0 ii 87.3 I ]69

1466 / 1466 II solid II 0.0 I 0.0 II 111 I 359

+%-H%-IH--IHH-+HW:
+--l%-lRH-+H-+R-t+R

E%-i-+%+--w-HI-+%+l+++t%-t%%-
I13C+ 7Cr *KH+!H%HWEC +Hf 9.084

2C + La 4.905

3C + 7Mn 6.130

C + 2M0 7.662

742 742 solid

-1-

0.0 0.0 62.1 380

1077 1077 solid 0.0 0.0 62.3 477

IR%-t%i
9.678

7.328

H %--H%-lI-+%-ll+%-l-+t%--t%%
%--W-IR+H-+-IR-R%

2C + Th 8.169 3073 3073 solid 0.0 0.0 179

3

1280

C+Ti 3’.754 3644 3523 liquid 0.0 0.0 736 2760

C+u 13.96 1871 1871 solid 0.0 0.0 93.6 1310

2C+U 11.29 1573 1573 solid 0.0 0.0 95.5 1080

* More data needed for this calculation.
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Table 2f - Intermetallic Reactions (in Descending Order of Moles of Gas Produced) (cont.)

reactants adiabatic reaction state of gas production heat of reaction
temperature (K) intermetallic

constituents PTND, WIO phase WIphase product moles gas g of gas -Q, calfg -Q, calJcm3
glcm3 changes changes per 100 g per g

C+v 4,499 2121 2121 solid 0.0 0.0 383 1720

C+w 13.~() 1259 1259 solid 0.0 0.0 49.0 647

C+Zr 5.276 3800 3800 solid 0.0 0.0 455 2400

Ca + 2Mg 1.649 801 801 solid 0.0 0.0 108 178

2Ca + Pb 4.105 1713 >1475 liquid 0.0 0.0 172 705

Ca + Si 2.490 2504 2504 liquid 0.0 0.0 529 1320

llCd+Pu 1.056 843 843 solid 0.0 0.0 31.0 293

Ce + Mg 4.713 1552 * s-l 0.0 0.0 111 523

2Ce + Pb 8.194 1653 >1652 s-1 0.0 0.0 81.5 665

Ce + 2Si 4.547 2083 * liquid 0.0 0.0 255 1100

Ce + Zn 6.904 1413 >1098 liquid 0.0 0.0 78.0 535

Co+ Si 4.862 1733 >1732 s-1 0.0 0.0 299 1450

Cr + Si 4.316 1231 1231 solid 0.0 0.0 159 684

Cr + 2Si 3.625 1530 1530 solid 0.0 0.0 212 804

3Cr + Si 5.558 1493 1493 solid 0.0 0.0 179 996

5Cr + 3Si 4.900 1671 1671 solid 0.0 0.0 226 1110

c U + 2Mg 3.199 665 665 solid 0.0 0.0 61.0 195

2Cu + Mg 5.368 721 721 solid 0.0 0.0 52.9 284

c u+Pd 10.64 873 873 solid 0.0 0.0 44.5 471

Fe+Si 4.564 1659 1659 solid 0.0 0.0 225 1020

Ge + 2Mg 4.123 1678 1391 s-l 0.0 0.0 ~07 853

2Ge + Nb 6.269 1443 1443 @id 0.0 0.0 84.4 524

Li+Pb 6.848 1258 >754 liquid 0.0 0.0 67.2 460

Li+Sb 4.123 1333 * liquid 0.0 0.0 I70 700
Li+Sn 4.298 1516 * s-l 0.0 0.0 134 576
3Mg + 2Sb 4.039 1433 1433 solid 0.0 0.0 121 484

2Mg + Si 1.956 1286 1286 solid 0.0 0.0 247 483

2Mg + Sn 3.787 1163 1163 solid 0.0 0.0 113 450
2Mg + Th 5.767 1067 1067 solid 0.0 0.0 54.0 311

Mg+u 9.874 2213 * liquid 0.0 0.0 157 1570

Mg-+Y 3.343 1943 * liquid 0.0 0.0 274 912

Mn+S 2.370 1394 1394 solid 0.0 0.0 164 390

Mn+Si 4.415 1615 >1542 s-l 0.0 0.0 224 989

M n + 1.7Si 3.846 1433 * s-1 0.0 0.0 226 847

Mo + 2Si 4.581 1854 1854 solid 0.0 0.0 187 855

Mo + 7Si 3.265 1823 1823 solid 0.0 0.0 206 940

3Mo + Si 7.308 1278 1278 solid 0.0 0.0 76.9 562

5Mo + 3Si 6.476 788 788 solid 0.0 0.0 43.1 279

Na+Sb 3.453 1090 * liquid 0.0 0.0 110 380

Na+Sn 3.548 1073 1073 solid 0.0 0.0 71.4 254

Nb+Ni 8.695 1083 1083 solid 0.0 0.0 71.0 610 J

* More data needed forthiscdcidation.
51



Table 2f - Intermetallic Reactions (in Descending Order of Moles of Gas Produced) (cont.)

reactants adiabatic reaction state of gas ]production heat of reaction
temperature (K) intermetallic

constituents PTMD9 WIO phase WIphase product moles gas g of gas -Q, cal/g -Q, ca)z
glcm3 changes changes per 100 g per g

Nb + 2Si 4.463 1897 1897 solid 0.0 0.0 201 898

5Nb + 3Si 6.233 2518 2518 solid 0.0 0.0 222 1390

Ni i- Si 4.855 1838 >1265 s-1 0.0 0.0 235 1140 I

Pd + Sn 8.966 1599 * s-1 0.0 0.0 112 1000

Pu + 12Zn 8.409 973 973 solid 0.0 0.0 71.3 600

S+Zn 2.419 4144 * ]-g* 0.0 0.0 500 1210

Si + 2Ta 11.79 1836 1836 solid 0.0 0.0 76.9 907

2Si + Ta 7.086 1781 1781 solid 0.0 0.0 120 8510

3Si + 5Ta 11.19 920 920 solid 0.0 0.0 80.9 906
~Si + Th 6.659 2323 2323 solid 0.0 0.0 144 961

2Si + Ti 3.134 1913 >1772 s-l 0.0 0.0 308 967

3Si + 5Ti 3.719 2548 >2402 s-l 0,0 0.0 428 ]590

2Si + U 8.369 1663 1663 solid 0.0 0.0 106 940

2Si + V 3.429 3341 2023 s-1 0.0 0.0 700 2400

2Si+W 7.480 1549 1549 solid 0.0 0.0 92.6 693

s i+Y 3.754 2108 * s-1 0.0 0.0 275 1000

s i -f-2Zr 5.291 2787 >2197 liquid 0.0 0.0 236 1250

2Si + Zr 4.004 1988 1893 liquid 0.0 0.0 258 1040

3Si -i-5Zr 5.141 1132 1132 solid f).cl 0.0 255 1310
I

2U+ 17Zn 8.778 973 973 solid ().CI 0.0 60.0 530

2Zn + Zr 6.816 1723 * l-s O.cl 0.0 170 1160

4Al + Co 3.581 * * * * * 231

J

6:37

A1+ 3Ti 4.071 * * * * * 138 560
2Al + Ti 3.326 1643 * 1-s * * 314 11’00

3Al + 2Ti 3.448 * * * * * 158 544

2Al + Zr 4.240 1923 * 1-s * * 267 1130
3B~+ 2Sb 4.252 1833 * liquid * * 133 563

Bi+3K 2.071 1791 * liquid? * * 127 263

Mg+s 2.037 7039 * * * * ,1500 3060

Mg+Se 3.398 4817 * * * * 678 2300

p g+Te 4.311 4676 * * * * 329 1420

* More data needed for this calculation.
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Table 3a - Metal Combustion Reactions (in Alphabetical Order)

metal oxide MW, g/mol PTMD, l#crn3 AHfO, Tfm, K, of T,aP, K, of Q, calig Q, calicm3
(metal) (metal) kcal/mol metal metal of metal of metal

Ag Ag,() 107.88 10.5 7.42 1234 2436 34.39 361.1
Al Al,Oq 26.98 2.70 400.5 933 2740 74~~ / -20040”

B B,O1 10.82 2.50 304.0 2573 4139 14050 35120

Be BeO 9.01 1.85 143.2 1553 3243 15890 ~9400°

Bi Bi.O 209.00 9.87 137.2 544 1837 328.2 324(3

Ce Ce70~ 140.13 6.80 435.2 1048 3699 1553 10560

co coo 58.93 8.90 56.87 1701 3201 965.0 8589

Cr Cr,O, 52.01 7.14 272.4 ~180 2945 2619 18700

Cs Cs,o 132.91 1.90 75.95 301 951 571.4 1086

Cs Cs,ol 132.91 1.90 111.3 301 951 837.3 1591

Cs Cso, 131.91 1.90 62.04 301 951 466.8 886.9

Cu Cuo 63.54 8.93 37.30 1356 2843 587.0 =j~l$~

Cu Cu,o 63.54 8.93 40.80 1356 2843 321.1 ~g(jg

Fe Fe.0, 55.85 7.86 197.0 1811 3135 1764 13860

Fe FelO~ 55.85 7.86 267.3 1811 3135 1595 1~540

Hf HfO. 178.50 11.4 266.2 ~~9j 496-1 1491 [ 17000

La La,OT 138.92 6.15 428.7 1193 3730 I 1543 / 9489

Li Li,O 6.94 0.534 152.1 45-1 16~o 10960 5852
Mg MgC) 24.32 1.74 151.8 923 1363 6241 I 1o860

Mn Mn304 54.94 7.30 331.7 1519 2334 ] ?Ol? 14690

Mo MoOI 95.95 9.01 178.1 ~g9fj 4952 ( i85; 16720

Nb Nb,05 92.91 8.57 454.0 2750 5015 [ 2443 I 20940

Nd Nd.03 144.27 7.01 433.6 1~9~ 33$1 1503 I 10530

Ni NiO 38.69 8.90 57.29 1728 3187 ( 976.1 8688

Pb Pb70A 207.20 11.3 171.8 601 ~019 ~76.4 3133

Pd PdO 106.40 12.0 27.60 1828 3237 ~j9.J 3113

Pt Pt704 195.09 21.4 64.05 ~~~ 4100 109.4 I 2347

Si SiO, 28.09 2.49 217.7 1687 2628 I 7750 I 19298

Sn SnO, 118.70 7.31 138.8 505 2876 I 1169 I 8548

Sr SrO, 87.62 2.60 153.3 1042 1657 [ 1750 4549

Ta Ta.0, 180.95 16.6 489.0 3~90 5698 I 1351 / 22430

Th Th09 232.04 11.2 293.5 2023 5063 I 1265 I ]4170

Ti TiO, 47.90 4.50 2~5.8 1693

4091 ~ 119; I :::::

3560 j 471-r - -

u U,og 238.07 18.9 854.4 1408

v V,05 50.95 5.87 370.6 2183 .3653 [ 36?4 { ~;350
w Wo, 183.86 19.3 140.9 3695 5936 766.6 I 14790

w W03 183.86 19.3 201.5 3695 5936 I 1096 \ 21150

Y Y,o, 88.92 4.47 501.4 1799

Zn ZnO

3611 I 2819 I 12600

65.38 7.14 83.76 692 / 1180 I 1281 I 9147
1 ! I

,, Zr Zr07 91.22 5.68 263.0 2125 [ 4650 I 2135 I 12130 //
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Table 3b - Metal Combustion Reactions (in Descending Order of Metal Density)

metal oxide MW, g/mol PTMDJ @rn3 AH;,

‘ehl “~

Tfm, K, of T K, of Q, caI/g Q, caVcm3
(metal) (metal) kcal/mol

Pt P(704 195.09 21.4 64.05 2042 4100 109 2347

w Wo, 183.86 19.3 140.9 3695 5936 767 14790

w Woq 183.86 19.3 201.5 3695 5936 1100 21150

u U108 238.07 18.9 854.4 1408 4091 1200 2~610

Ta TxO~ 180.95 16.6 489.0 3~90 5698 1350 22430

Pd PdO 106.40 12.0 27.60 1828 3237 259 3113

Hf HfO, 178.50 11.4 266.2 2495 4964 1490 17000

Pb Pb304 207.20 11.3 171.8 601 ~()]9 276 3133

Th ThO, 232.04 11.2 293.5 ~()~3 5063 1260 14170
Ag Ag,O 107.88 10.5 7.42 I234 2436 34.4 361.1

Bi Bi,Ol 209.00 9.87 137.2 54-1 1837 328 3~40

Mo M007 95.95 9.01 178.1 289fj 4952 1860 16720

Cu Cuo 63.54 8.93 37.30 1356 2843 587 5244

Cu Cu,o 63.54 8.93 40.80 1356 2843 321 2868 ,

co coo 58.93 8.90 56.87 1701 3~01 965 8589

Ni NiO 58.69 8.90 57.29 ]7~8 3187 976 8688

Nb Nb70\ 92.91 8.57 454.0 2750 5015 2440 20940

Fe Fe,Oq 55.85 7.86 197.0 1811 3135 1760 13860

Fe Fe,Oq 55.85 7.86 267.3 1811 3135 1600 12540

Sn Sn07 118.70 7.31 138.8 505 2876 1170 8548

Mn MnlOJ 54.94 7.30 331.7 1519 2334 2010 14690

Cr Cr,O, 52.01 7.14 272.4 ~]80 2945 2620 18700

Zn ZnO 65.38 7.14 83.76 692 [180 1280 9147

Nd Nd.03 144.27 7.01 433.6 1~9~ 3341 15(M 10530

Ce Ce,Ol 140.13 6.80 435.2 1048 3699 1550 10560

La LaTO, 138.92 6.15 428.7 1193 3730 1540 9-189

v V,of 50.95 5.87 370.6 ~183 3653 3630 21350

Zr Zro, 91.22 5.68 263.0 ~1~~ 4650 ~1~() ]~130

Ti TiO, 47.90 4.50 225.8 1693 3560 4710 ~l~lo

Y Y,ol 88.92 4.47 501.4 1799 3611 28~o 1~600

Al A1,O, 26.98 2.70

Sr SrO, 87.62 2.60

B B,03 10.82 2.50
:: j; II

Si SiO, 28.09 2.49 217.7 1687 2628 7750 19298 II

Cs Cs,o 132.91 1.90

Cs Cs,o, 132.91 1.90

Cs Cso, 131.91 1.90 .~: : =
Be BeO 9.01 1.85
Mg MgO 24.32 1.74

Li Li70 6.94 0.534

~; 19 -j
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Table 3C- Metal Combustion Reactions (in Descending Order of Heat of Combustion per Unit Mass)

metal oxide MW, g/mol fTklD!~cm3 AHfO, Tfw, K, of TV~P,K, of Q, caUg Q, calJ cm3
(metal) (metal) kcal/mol metal metai of metal of metai

Be BeO 9.01 1.85 143.2 1553 3243 15890 29400

B 10.82 2.50 304.0 2573 4139 14050 35120
~i ;;::

6.94 0.534 152.1 454 1620 10960 5852

Si SiO, 28.09 2.49 217.7 1687 2628 7750 19298

Al AI,07 26.98 2.70 400.5 933 2740 7422 20040
Mg MgO 24.32 1.74 151.8 923 1363 6241 10860

Ti TiO, 47.90 4.50 225.8 1693 3560 4714 21210

v V,o, 50.95 5.87 370.6 2183 3653 3634 21350

Y Y,o, 88.92 4.47 501.4 1799 3611 2819 12600

Cr Cr,o, 52.01 7.14 272.4 2180 2945 ~619 18700

Nb Nb70, 92.91 8.57 454.0 2750 5015 2443 20940

Zr ZrOa 91.22 5.68 263.0 2125 4650 2135 12130

Mn Mn~Oq 54.94 7.30 331.7 1519 2334 2012 14690

Mo M003 95.95 9.01 178.1 2896 4952 1856 16720

Fe Fe,07 55.85 7.86 197.0 1811 3135 1764 13860

Sr SrO, 87.62 2.60 153.3 1042 1657 1750 4549

Fe FelOA 55.85 7.86 267.3 1811 3135 1595 12540

Ce Ce,03 140.13 6.80 435.2 1048 3699 1553 10560

La La,03 138.92 6.15 428.7 1193 3730 1543 9489

Nd Nd,03 144.27 7.01 433.6 1292 3341 1503 10530

Hf HfO, 178.50 11.4 266.2 2495 4964 1491 17000

Ta Ta70f 180.95 16.6 489.0 3~90 5698 1351 2~430

Zn ZnO 65.38 7.14 83.76 692 1180 1281 9147

Th ThO, 232.04 /1.2 293.5 20~3 5063 1265 14170

u U308 238.07 18.9 854.4 1408 4091 1196 2~6]o

Sn SnO, 118.70 7.31 138.8 505 ~g76 1169 8548

w wo~ 183.86 19.3 201.5 3695 5936 1096 ~1 150

Ni NiO 58.69 8.90 57.29 ]7~8 3187 976.1 8688

co coo 58.93 8.90 56.87 1701 3~o] 965.0 8589

Cs Cs,o, 132.91 I .90 111.3 301 951 837.3 1591

w Wo, 183.86 19.3 140.9 3695 5936 766.6 14790

Cu Cuo 63.54 8.93 37.30 1356 2843 587.0 5244

Cs CS70 132.91 1.90 75.95 301 951 571.4 1086

Cs Cso, 131.91 1.90 62.04 301 951 466.8 886.9

Bi Bi,O~ 209.0 9.87 137.2 5-M 1837 328.2 3240

Cu Cu,o 63.54 8.93 40.80 1356 2843 321.1 ~g15g

Pb Pb,04 207.20 11.3 171.8 601 2019 276.4 3133 /

Pd PdO 106.40 12.0 ~760 1828 3237 259.4 3113
Pt Pt,04 195.09 21.4 64.05 2042 4100 I09.4 2347

Ag Ag.@ 107.88 10.5 7.42 1234 2436 34.39 361.1 I
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Table 3d - Metal Combustion Reactions (in Descending order of Heat of Combustion per Unit Volume)

metal oxide MW, g/mol p~}l~,g/cm3 AH;,
(metal) (metal) kcal/mol ‘f~~~f “~

B B,O, 10.82 2.50 304.0

Be BeO 9.01 1.85 143.2 :::: =%=-l-=
u U,o. 238.07 18.9 854.4 1408 4091 I 1196 \ 22610

! n I !

Ta I Ta,O~ 180.95 16.6 489.0 I 3~90 5698 I ]351 I 22430

v V,o, 50.95 5.87 370.6 2183 3653 3634 21350

Ti TiO, 47.90 4.50 225.8 1693 3560 I 4714 21210

w Woq 183.86 19.3 201.5 3695 5936 1096 ~1150

Nb Nb,O< 92.91 8.57 454.0 2750 5015 ~443 20940

Al AI,O, 26.98 2.70 400.5 933 ~7413 74~~ ~()(34()

Si SiO, 28.09 2.49 217.7 1687 2628 / 7750 I 19298

Cr Cr.O1 5~.i)l 7.14 272.4 ~180 2945 / 2619 18700

Hf HfO, 178.50 11.4 266.2

Mo MoO? 95.95 9.01 178.1

w Wo, 183.86 19.3 140.9 .:: ,=

I Mn Mn30A 54.94 7.30 ~023 , ::;; ~ ::::331.7 I 1519 \ 14690

Th ThO, I 232.04 11.2 I 293.5 -. 1 14170

Fe Fe,Ol 55.85 7.86 197.0 1811 3135 1764 13860

Y Y,02 88.92 4.47 501.4 1799 36]] I ~8~9 12600

Fe FeqOA 55.85 7.86

Zr ZrO, 91.22 5.68
Mg MgO 24.32 1.74

Ce Ce,Ol 140.13 6.80 .:. ::; M
Nd Nd,03 144.27 7.01 433.6

La La,O, 138.92 6.15 428.7 :f~: ~
Zn ZnO 65.38 7.14 83.76 692 l]~o ( 1~8, 9147

Ni NiO 58.69 8.90 57.29 1728 3187 I 976.1 8688

co coo 58.93 8.90

Sn SnO, 118.70 7.31

Li Li,O 6.94 0.534 :: ‘:: l%%%%%%

Cu Cuo 63.54 8.93 37.30 1356 2843 I 587.0 5244

Sr SrO, 87.62 2.60 153.3 1042 1657 / 1750 4549 -

Bi Bi.O 209.0 9.87 137.2

Pb PbqO; 207.20 11.3 171.8 :: ~:
Pd PdO 106.40 12.0 27.60 1g:g 3237 / 259.4 3113

Cu Cu,o 63.54 8.93 40.80 1356 2s43 / 321.1 2868 -

Pt Pt304 195.09 21.4 64.05 2042 4104I ] 109.4 2347 -

Cs CS,03 132.91 1.90 111.3 301 / 951 I 837.3 1591 -

Cs Cs,o 132.91 I.90 75.95 301 951 I 571.4 1086 -

Cs Cso, 131.91 1.90 6~04 301 [ !251 \ 466.8 886.9-
Ag Ag,O 107.88 10.5 7.42 1234 ] 2436 I 34.3 361.1-.
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