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Tire rcsults for tlie quality of vapor (ietermincd in this nian- 
ner are compared with the experimental results, and those 
computed by tlie theoretical method, in Table V. The agree- 
ment in tliia case is better than may usiialiy be expected, 

OTHER APPLICATIOi% 

These principles and methods are of wide application to all 
types of vaporization processes, orrly a few of wliich have been 
demonstrated. Tiie application of the tlioretical methods to 
natural gasoline absorption and fractionation has been treated 
( IS ) .  The same theoretical metirods as applied to  complex 
mixtures may bc used for studies in fractionation of petroleum 
products a t  all pressures. Tlic extremely simple application 
of the equilibrium curves (,5fi), figures '3 and 10, to  distilla- 
tion problems of complex mixtures, making possible all the 
simplifications of the graphical method of McCabe and 
Thiele (,?a) for binary mixtures may not be theoret,ically 
exact but is justified in many cases, and appears satisfactory 
for fractionation even at high pressures. 
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Analogs of Tetryl 
I. Tr ini t r  op heny lni t r  aminoe thy1 Nitrate (Pen tr  yl) 

LE ROY V. CLARK, Bureau of Mines Experiment Station, Pittsburgh, Pa., and Explosives Experiment Station, 
Bruceton, Pa. 

HE safety of permissible 
explosives depends not T only upon the explosive 

but also upon the effectiveness 
of the detonator used to  initiate 
its detonation. The use of in- 
effective d e t o n a t o r  s-that is, 
low-grade d e t o n a t o r s  (17) or 
detonators that  h a v e  b e c o m e  
phlegmatized because of dete- 
rioration of the detonant under 
unfavorable storage conditions- 
greatly increases the chances of 
misfire, delayed shots, imperfect 
explosion, or simple i g n  i t i  o n , 
with all the attendant jeopardy 
to  personnel and property. 

An investigation is made to determine certain of 
the chemical, physical, and explosive properties of 
sym-trinitrophenylnitraminoethyl nitrate (pentryl). 
Tests show that it can be used as a base charge in 
"compound" detonators for the initiation of 
detonation qf industrial and military explosives. 
For this purpose it may be used lo replace picric 
acid, tetryl, lead styphnale, or various of the ni- 
trated polyhydric alcohols commonly used as base 
charges. Numerous tests show pentryl to be an  
appreciably more powerful explosive than TNT 
and point to its value for those uses in which 
TNT has been of proved value. 

In pursuance of the campaign waged by thc Bureau of 
Mines for safety and efficiency in mining operations, it is the 
continuing policy of the Explosives Division to  investigate the 
chemical and explosive properties of all substances that give 
promise of use either as initiating agents or as base charges 
in detonators. In this paper the writer presents the re- 
sults of an investigation of sym-trinitrophenylnitraminoethyl 
nitrate, hereafter termed "pentryl," and gives comparison 
with other compounds previously investigated by the Explo- 
sives Division. 

Moran (16) in 1925 prepared pentryl by the nitration in 
mixed acids of 2,4-clinitrophenylaminoethanol which is ob- 
tained by the action of 2,4-dinitrochlorobenzene on amino- 
ethanol. E. von Herz ( I 1 )  in 1931 was granted a German 
patent for the use of pentryl for certain military purposes; he 
prepared pentryl by the nitration of P-hydroxyethylaniline 
(10). 

Davis (4) in 1926 was granted a patent for the preparation 
of sym-trinitrophenyl-N-butylnitramine, which compound 
will be investigated a t  a later date by the writer. This 
compound, as well as pentryl, may be regarded as an analog 
of tetryl, as shown by the following formulas: 

OS--S--CHZ O~T-X-CH~CH~ONO2 
I I 

OzN( jNO1 0 2 N / j S O ~  

b 
NOz 

Tetryl (5) 

v 
NO2 

Pentryl 

NO2 
sum-Trinitrophenyl-h -butylnitramine 

PREPARATION OF PENTRYL 

preparation of phenylaminoethanol and substituted phenyl- 
aminoethanols has been studied by numerous investigators, 

PREPARATION O F  ~,~-DINITROPHENYLAMINOET€~ANOIJ. The 

notably L a d e n b u r g  (lb'), De- 
mole (j), Knorr (IC), Otto (N), 
Badische Anilin- und Soda- 
fabrik ( I ) ,  Gault (7) ,  and von 
Herz (IO). 

The method used by the writer 
for the preparation of 2,4-dinitro- 
phenylaminoethanol was that 
proposed by Moran (16) : 

One h u n d r e d  parts of 2,4-di- 
nitrochlorobenzene are dissolved 
in 510 parts of 95 per cent ethyl 
a lcohol ,  30 p a r t s  of amino-  
ethanol are added. and the solu- 
tion is warmed to 70' C.; 20 parts 
of sodium hydroxide d i s s o 1 v e d 
in 30 parts of water are added 

slowly to the rapidly agitated alcoholic solution, the temperature 
of the mixture being maintained at 70" to 80" C. from 30 minutes 
to one hour after addition of the sodium hvdroxide is comdeted. 
The mixture is then cooled and filtered free of the precipitated 
sodium chloride and a by-product of the reaction to be mentioned 
later. With the filtrate concentrated to about 600 cc., the 2 , 4  
dinitrophenylaminoethanol, after standing a few hours, is 
thrown out in the form of large orange-yellow crystals which cling 
tenaciously to the sides and bottom of the vessel. During the 
concentration of the filtrate, about 1100 cc. of alcohol may be 
recovered for re-use. 

The yield, after washing with alcohol to  remove adhering 
mother liquor, was found by the writer to be 70 per cent of the 
theoretical. The crude product contains a small amount of 
occluded sodium chloride. After repeated recrystallization 
from alcohol, a melting point was established a t  92" C, 

As a by-product of this reaction there is precipitated with 
the sodium chloride a fine powdery product, lemon-yellow 
in color and melting a t  222' C. This compound, to  be studied 
later, is the bis-dinitrophenylaminoethanol: 

NITRATION O F  2,4-~INITROPHENYLAMINOETHA1L'OL (PES- 
TRYL). Pentryl may be prepared as follows: 

One hundred grams of 2,4-dinitrophenylaminoethanol are dis- 
solved in 1000 grams of 95 per cent sulfuric acid, keeping the 
temperature between 20" and 30" C. Since there is no marked 
tendency for the temperature to rise, it is easily controlled with a 
bath of cold water. The sulfuric acid solution is then added 
during 12 to 15 minutes to 300 grams of nitric acid (47' Be.), 
keeping the temperature at 20" to  30" C. The addition com- 
pleted, the temperature is held at 30" C. during a half-hour period, 
then slowly raised to 40' where it is again maintained constant for 
a half-hour. At the end of this second period of heating, the 
temperature is raised to 50" and maintained constant over a 
third half-hour period. 

During the later stages of.nitration, pentryl separates out as a 
fine powdery suspension in the spent acid from which it may be 
recovered by drowning in ice water. The yield was 90 per cent 
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uf theoretical. Tiie ixidic Iwiiluct~ is stabilized by washirig 
with water and odd sodium bicnrhomte solution. 11 heating 
i s  too rapid during the early stages of the nitration, the product 
hns a tendency to form into small, hard granules from which it 

pact testa 
picric 

pelltry] colnlra,.ed wit,}l sill,i]ar tests on tetryl, 
TNT are follows: 

MAX. Heioar OF I>nor os 2 0 0 0 - G ~ ~ ~  
WrranT FOa "No T:\P*."IIoh-e" 

em.  

i s  extremely dilficult t o  effect complete romovd 01 spent acid. 
The stabiliaed crude. product msy he recrystallized in benzene, 

from which the pure product scpamtes in the form of minute 
creamcolored crystals. Repeated recrystallimition established Pentry1 30b 

amounts to ahout 6 per cent. T NT .I00 

EXPLOn,rr:* IN 5 ' Ih lAi ."  

Tetryl 27 .5  
I'icria *,:id 4 2 . 5  

the melting point at 128' C .  The loss during purification 

Tests made to determine the effect on yield of the use of 
sinaller quantities of sulfuric acid shoiued that the yield might 
be increased as inueli as 3 per cent by decreasing the quantity 
of sulfuric acid, but the increasing difficulty encountered in 
effecting solution of the 2,4-~linitroplienylai~~i1~oetlianol and 
the increasing viscosity of the nitration mixture niakc such a 
reduction of questionable value. 

PUYSICAL PiiomiwrEs OB PENTRYL 

friction device 

Pentry1 26 20.0 9-11 

Pinrio ,,.id > 150 20.0 45&47 
TNT >I60 20.0 G2-6,5 

Pentryl, prepared aceoniing to tlie aliove method, is in tlie wrpi 50 20.0 27- 30 
iorm of microscopic cry$t,nls, iiesrly white in color with a 
slight cast of yellov. 

The densitv of nentrvl uialer various conditions and its 
,i 5 o-ii'8i"Pr,,,,ile" iiroci i n  caoh trial. 
6 TYDC of dwe.  steri. 

I . "  

solubility i i r  viirious solvciits 1111i.e bcczi ilctcrmiricd by tlie 
writer. The true density is 1.82, yet it,s appTCnt densit,y 
is only 0.45. When compressed iii a detonator sliell at a 
presstire of :3100 pouiids pcr squiire inch (239.0 kg. per rq. 
(,in.), i t  1ia.e an apparent density of 0.74. 

The solubility in ci:rtain of the mure coiniiion orgmic sol- 
vents is as foilom: 

?'lie results of these teat.s iridicate that t i le  si?iisitiveiit:ss of 
pmtryl t o  imjiact is abwt the same as that of tetryl, is 
soinewliat gIl!:ltCT tiran tlht of picric acid, ami is much grcater 
tliaii that, of TXT. Tiip sewit,iveiiess to frict,ion is sornewhat 
grchtrx tlinii that, o S  tetryl, a n d  is much grenter than that of 

1 ~IITOSATOI~S. After Wohler and 
SOr.7. IW 100 G ~ m a  01 S O I . Y m 1 '  M;ittrir (g?), the ~'SpWiiIiclltal detonators tested doring this 

Omns 611171&9 invcstigntim liave Ix:i,n prepared in the following niaiiner 
T,,l"eiie 0.03 1.70 I I~ I ICS  otlicrwi-ise spocified: A base charge of 0.50-gr.tim of the 

explosive t,o be tested is weighed into a S o .  8 dctoiiat,or shell, lJeiiSW,* 0.70 \'CiY roiuble 
Ethiinol 0.11 0.48 
~fel i innol 0 .Gi  2 . 1 4  and a priming charge of 0.20 grain of mercury fulminate is 

0 07 0 .26  
nrbon t~iini:liiiiriilr 'riare Trace added. noth base and griming charges are then compressed 

under a reiiiiforcinl: capsule at a pressure of 3400 pounds O , 7 2  2 . w  
0.16  . .  

SOL, At 2 5 -  c. A t  500 c. 

EFFECT OF PRES- 0 1160 (81.5) 2320 (183.1) 3400 (23'3) 

of a time. un bemg 
thus ignited, it burns 
r a p i d l y  w i t h  a 
brilliant white flame. 

Xu ik!tmat,iims i immed during these tests. 
The leiid plnte test (0) is used by manufacturers to ascertain 

the o~itimurn cornjircssion, as indicated by the degree of 
~tenot~rat~ion of the plate, to be employed in the preparation of 
detonators. 

Figure 1 sliows the results of lead plate tests. It is a p  

FIGUHE 1. LEAD Pwrls TESTS OF E r m a  OF Pmssrrri~ ON PENTRYL 
Numbers indiostr pressure in pounds per ~ q u w e  inch (ke. /)or a(,. 1.111.). 

I~s r~1 ,oa Iv~ ;  (I1ianhi:rl:Iil~TI~~s OF 1'l:Wrnrl. 

IVCNESS TO IIIP.~CT :\SI) IhtrcTI<iN. h j t r g l  deto- 
irates when struck tt slinrp 1)lox. Scveunl siunples were tested 
for sensitiveneas to inipact, on the Iriircau of Mines' small 
inipact device (IY), aud fur setisitivcness to friction on the 
type A pendulum friction device (19). The rcsrilts of im- 
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sand test. No visual signs of decomposition were apparent a t  
the end of this period, nor had any acldity devrlopcd. 

Samples of pentry1 exposed to hght In the laboratory for 
several months have developed only a alight discoloration. 

Pentryl has been subjeoted for 48 hours to the International 
75" C. heat test (S2) wlth no loss in weight. When the tem- 
perature was elevated to  120", oxiles of nitrogen appeared in 4 
hours. 
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ever, was not suffiriently far-reaching to he manifrst in the 
rcsnlts of the sand test. 

The 
Trausl lead block test (19) offers a means of ascertsining the 
comparative disruptive power of explosives. Results of 
tests in the small Trausl block are shown in Table 11. 

These data show that the disruptive power of pentryl is 
almost 30 per cent greater than that of TNT or picria acid and 

a b o u t  16 per c e n t  
g r e a t e r  than that of 
tetryl or DDNP. 

Munroe and Howell 
(18) havedetermined the 
lead block (large Trawl 
block) expansion of eight 
explosives (Table 111). 

It may be deduced 
from Tables I1 and I11 FIGURE 3. LEAD BWCK COXPRESSION TESTS that p e n t r y l  pussesseb 

1 Original block 4 P I ~ C  acid nearly the same relative 2 UDP 5 Tetryl 
3 TNT 6 Pentryl d i s r u p t i v e  power  as 

Tolch and Perrott (25) liabe shoun that the relative order 
of strength of different types of commercial explosives is not 
changed greatly whether determined in Traual blocks or by 
the ballistic pendulum through which the relative propulsive 
strength of explosivcs is ascertained (19). It may safely be 
assumed, then, that  the propulsive strength of pentryl IS 
greater than that of the other nitroaromatic exploslves 
tested by the writer, and, except for blasting gelatin, greater 
than that of any of the commercial explosives given in 

STRENOTH BY THE SMALL TRAUZL BLOCK METHOD. 

blasting gelatin. 
To ascertain the rffect of long exposure to modcrately high 

temperatures, a quantity of pentryl was storrd for 40 days a t  
75' C. (167" F.), a temperature higher than is ever en- 
counterrd under normal fitorage conditions. No decrease in 
the sand-crushing strength of pentryl waq caused by this 
treatment. 

TABLB 11. C~MPARISON 01 TESTS IN SMALL'FRAULL BLOCK 
l'XP*NSLON OB REL*TI"B 

c n v r n  IN ST"ZW3TE 

(I"T - 1) Table 111. L** L U I I Y L  3 BLO'X "_ 
"I. 

Pentry1 15.8 1.30 
l'etryi 13.8 1.13 
TNT 12.2 1.00 
Pioric aoid 12.4 1 . 0 2  

13.4 1.10 
1o.o 1.31 pontryi 90 

KCiOs 102 
16.2  1.33 Pentry1 80% 

KClOs 2 0 9  
15.6 1.2s KClOi 3 0 g i  

DDNP f 
Pontryi 7og 

.. . 
* Base charge, o.50-gruin: primiriz oiiaise, o . 3 0 - g x ~ i i ~  iuiininate. 

It is apparent that pentryl is quite resistant to gyrolitic 
decomposition a t  75". However, at the end of 40 days of 

TABLE XI. LEAD BLOCK Exi 

EXPLOSIVE 

Binating gelatin 
60% atraight dynsinite 
GrLInulated TNT 
507' strsiglrt dyiisinitc 
40% straiohi dynamite 
40?7 smrnoni& dynamite 
409 gelsiin dynamite 
Biaok blasting powder 

400 1.32 
321 1.04 
302 1. no 
281 0.93 
267 0.88 
202 0.67  
195 0.65 
28 .. 

exposure to this temperature, the original cream color o> the 
crystals had deepened to a somewhat more pronounced yellow. 
The nielting point was lowered from 128" to  127.5" C. ,  in- 
dicating a very slight amount of decomposition, which, how- 

LEAD PLATE TESTS. Figure 2 shows results of lead plate 
tests with which to compare pentryl with tetryl, TNT, and 
picric acid. It is apparent in Figure 2 that, tested under 
similar conditions, pentryl, tetryl, and picric acid produce 

TABLE IV. PR~PAGATIUN TESTS 

Psnlr i 

. Meroury fdminete 
Mercuiy fulminate 

S Tetryl Primed with mercury fulrnillate 
6 Tetryl primed with lead snide 
6 Picric noid ~rirned with rneieury fulminate 
8 80:20 moroury iuiminilteKCiOl 
6 80:20 msroury luiminateKCiO* 
7 Laad styphnate 
8 Nitrornannrte-meroury fdminate 

: V D N ~  
0.50 
0.50 

1.w 
0.50 

1.34 
0.66 
1 . 2 5  2.12 
1 .74  
1.16 

1.05 

a Burning of ieoeimr ooeuired in four trials at 18.5 meteie 
8 Data b y  Gerthrop from oommsioiai eiedrio detonstozs. 

Established by one tcisl only. 

1 k  
1185 
1105 
*e5 
965 
970 

1030 

.. . .  
li00 
1405 
1840 

LENOTA OP CAP 
(Racarven. 40% S ~ n ~ i o a ~  DINAMITE) 
Papor tube Iron pipe 

Mater Meters ( /ear,  
4.00 16.5' (54) 
3.50 .. .. 
1.50 .. .. 3.00 
2 . 5 0 b  1i:5 (4ij 
4.006 
8 . 0 0 b  l i :5  c4ij 

0 . 5 O b  3 . '5~  (ii:6) 
o . m  3.5 (11.51 
1 .WJb 

o . w h  12.6 141)  

TABLE V. FRAGMENTATION TESTS 
T O T A L  PBRC.N,P*es 

'rornL wmoHT T ~ ~ * ~  
wmroar 01 WaicnT or ~- - -  P ~ s m c ~ r s  C h u o e ~  ON L s v a  No.:- P~ iwroms  Pnnncma W ~ r o a ~  

CnP'oalva C E ~ ~ O S  'rnwt G B ~ ; ~ ~ ~ ~  z 4 6 8 IO Kscov~neo H~covnnvo Rscovl ins~ 

pentry1 
Tetryl 
Picric acid 

GTarn* Groin* GTLWM 

16.5 431 35 44 20 21 30 iso 427 a9.0 
10.5 405 33 23 9 8 2 1 4  403 99.5 
16.5 466 36 48 19 l o  10 123 465 VJ.8 

TNT 16.5 430 25 14 0 I 5 51 427 99.3 



similar plates uf a superior type. The plate produced by 
TNT is somewhat inferior. 

LEAD BLOCK COMPRESSION VALUE OF I'ENTRYL. Tlie 
capacity of an explosive to produce compression (as in a lead 
block) when exploding under atmospheric eonfincment oniy 
is designated as the percussive force of the explosive and is 
manifest only in the brisant explosives. Kast (13), Eess 
( la ) ,  and Vennin, Burlot, and L4corch6 (26) regard the 
compression value of an explosive as an indication of relative 
hriuince. 

The tests were carried out in the manner described hy 
Mnnroe and TBany (19). A No. 7 reenforced mercury ful- 
minate detonator, the base of which rested centrally on the 
surface of a 50-gram charge of the explosive under test, was 
used in each shot to effect detonation. 

Figure 3 illustrates an unused lead block and blocks showing 
the different degrees of compression caused by diazodinitro- 
phenol, TNT, picric acid, tetryl, and pentryl. The following 
table L&ows the numerical values of the compression caused by 
thesc explosives: 

r4u. .. 

In Table IV, results of tests with experimental pentryl 
detonators and tests with certain commercial electric detc- 
nators are compared with previous tests. 

I t  is apparent from these data that a detonator containing a 
lI.50-gram base charge of pentryl primed with 0.20 gram of 
iiicrcury fulminate (rehforced) causes the propagation of 
detonation to a receiving charge of Pittsburgh Testing 
Station Standard 40 per cent straight dynamite over a distance 
which is 37 per cent greater than that distance oyer which the 
tested commercial So. 8 tetryl, Ko. 6 picric acid, or KO. 8 
nitronianriite detonators were effective, and nearly 500 per 
cent greater than that distance over which the KO. 8, 8O:ZO 
fulrninate-ci,lorate, or the No. 7 lead st.yphnate detonators 
w c w  cffcetive. 

Ignition temperature of p n t r y l  
w a ~  determined hy dropping 0.02-gram charges on a molten 
metal bath and noting the interval of time between the 
niomcnt of contact of the explosive with the hot molten mass, 
and the moment of explosion. Rcsnlts of these tests are a8 
follows: 

IONTION TEMPEHATURE. 

Cuw- T w n  
Yl'B1610N Pmt- 'TSMP. OP hlm*I. n n m  'rlra oa I ~ ~ , R D N  Wsrou.r Densrrr IIsr(iar or n ~ o c n  01 OL-IIIIVI 

OF DP Asfore Aftor LE*D E I I E C T  c. Scconda 
280 1 . 5  

Q m m ~  Gion/cc. Mm. Mm. Mm. 270 1.5 
E~~~~~~~~ cannos czAnoe firing firing ULDCP (Twr = 1 )  

Tetryl 50.0 0.75 64.0 47.4 16.6 1.12 450 2 
Piorioaoid 60.0 0.75 64.0 47.6 16.4 1 . 1 1  240 3 
TNT 50.0 0.75  64.0 49.2 14.8 1.00 235 3 

PcntWi 50.0 0.75 64.0 45.5 18.5 1.25 260 1 . 6 t o 2  

DDNP 50.0 0.75 64.0 53.5 10.5" .. 233 Failed to erglode in 6ve trials 
Limited ausntity o f  D D N P  permitted only o m  test. 

These data show tliat the relative percus- 
sive effect produced by the detonation of pentryl 
is about 25 per cent greater than that of TNT, 
12 per cent greater than that of tetryl, and I 3  
per cent greater than that, of picric acid. 

RATE OF DETONATION. The velocity a t  which 
the detonation wave travels through achargeof 
explosive, or the rate of detonation, is deter- 
mined on the Mettegang recorder, a descrip- 
tion of which bas recently, been supplied by 
Munroe and Tiffany (19).l Rates were deter- 
mined over half-meter lengths, the explosive be- 
ingcontained in extralight lead tubing havingan 
inside diameter of 0.5 inch (1.27cni.) and weigh- 
ing 12 ounces (340 grams) per foot (30.5 cm.): 

RATS 01 

Metera/sec. 
Cxrmarun Drrhlsmr or C ~ n n o e  DETONATION 

Pentry1 0.80 5000 
Tetryl 0.90 64W 
Picric soid 0.98 4970 
TNT 0.90 4430 

PHOPAGATION TESTS. A modified gap test 
has been used by the writer (8)  and others ($',a) 
to ascertain the relative ability of the disturb- 
ance sent out by the explosion of a shiclded 
detonator to transfer detonation over an air gap 
to a receiving charge of explosive. 

A detailed description of the method of carry- 
ing out this test has been given by the writer 
in an earlier paper in which DDNP was com- 
pared with experimental straight f u l m i n a t e  
detonators and commercial electric detonators in 
the ability of each to transmit detonation across 
an air gap. 
' Fox s further desoription and results of teats with this 

devios see Motteganp. Rept. of 6th Connr. Amlied Chem., 
2, 327 (19031; CiIlioksuf. 40. 1046 (1904): Ksst, "spreng~ 
und Zundstoffe." P. 1025, Fredi. Vieiveg & Soh", Brsun. 
schwein. 1921: Biohsl. "Testing Erploaivee;' Chap. 5; 2. 
~ " 8 .  Sehicsa- Sprcngstaffun., 3, 403 (190s); Halt, Bur. Mines. 
Bull. 15 (1915); Msrshell, "Exploaiues;' 2nd ed., Val. 11, 
P. 476, J. & A .  Chuiohiil. London. 1917. 

Figure 6. Piorlo acid Figure 7. TNT 
FIGURES 4 TO 7. FRAGMENTATION TESTS 
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FRAGLIEKTATION TESTS. Figures 4 to  T show result. of 
fragmentation tests with pentryl, tetryl. picric acid, and TNT 
to determine the relative shattering power of these explosives. 

For these tests 16.5 grams of the explosive under test were 
detonated in a malleable-iron hand-grenade body by a No. G 
tetryl electric detonator, the detonator having been sub- 
stituted for the usual bouchon assembly. The grenade body 
was closed a t  top and bottom with pipe taps, the larger (top) 
bearing a hole just large enough to permit passage of the 
detonator leg wires. 

The grenade was fired in a large volume of sand, and the 
sand sieved to recover the metal fragments. Results of tests 
are shown in Table V. 

SUMM ART 

1. 2,4-Dinitrophenylaminoethanol (melting point, 92" C.) 
may be prepared in 70 per cent yield by condensation of 2,4- 
dinitrochlorobenzene with /3-aminoethanol. 

By nitration of 2,4-dinitrophenylaminoethanol, sym- 
trinitrophenylnitraminoethyl nitrate (pentryl) may be pro- 
duced in 90 per cent yield (melting point, 128" C.), 

3. Pentryl has a true density of 1.82, an apparent density 
of 0.74 when compressed in a detonator shell a t  a pressure of 
3400 pounds per square inch (239 kg. per sq. em.), and a loose 
density of 0.45. 
4. Pentryl is soluble t o  some extent in most of the common 

organic solvents, and very soluble in glyceryl trinitrate. 
5. The sensitiveness of pentryl to impact is similar to 

that of tetryl, somewhat greater than picric acid, and much 
greater than TXT. Sensitiveness to friction is somewhat 
greater than tetryl, and is much greater than picric acid or 
TNT. 

6. Pentryl produces an excellent lead plate when com- 
pressed a t  2320 pounds per square inch (163.1 kg. per sq. em.). 

7. The sensitivity of pentryl to detonation by such initiat- 
ing agents as mercury fulminate, lead azide, or DDNP, is 
similar to that of tetryl, trinitrobenzaldehyde, tetranitrani- 
line, and hexanitrodiphenylamine, and is greater than that of 
picric acid, TNT, or trinitroresorcinol. 

8. Compression in a detonator shell a t  pressures up to 5830 
pounds per square inch (409.8 kg. per sq. em.) has no ap- 
parent effect on sand-crushing strength of pentryl. 

9. The sand-crushing strength of pentryl is 29 per cent 
greater than that of TXT, 4 per cent greater than that of 
tetryl, 7 per cent greater than that of DDXP, 24 per cent 
greater than that of picric acid, 13 per cent greater than that of 
hexanitrodiphenylamine, and 10 per cent greater than that of 
trinitrobenzaldehyde. 

10. Addition of oxidants such as potassium chlorate greatly 
increases the sand-crushing strength of pentryl. 

11. Pentryl is not affected in its development of energy 
either by dry or wet storage a t  normal temperatures over a 
period of 4 months. 

12. Dry storage for 40 days a t  75" C. did not affect the 
sand-crushing strength of pentryl. The sample, during this 
period, became slightly discolored and the melting point de- 
creased 0.5". 

The disruptive power of pentryl as measured in the 
small Trauzl block is 30 per cent greater than that of TNT, 
15 per cent greater than that of tetryl, 18 per cent greater 
than that of DDNP, and 27 per cent greater than that of pic- 
ric acid. By the same type of test it is deduced that pentryl 
is of about the same strength as blasting gelatin. 

14. Under similar conditions of test, pentryl, picric acid, 
and tetryl develop very similar and excellent types of lead 
plates, which are much superior to the plates produced by 
TNT. 

15. The lead block compression value (regarded as a 
measure of relative brisance) of pentryl is 11 per cent greater 

2. 
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than that of tetryl, 13 per cent greater than that of picric 
acid, and 25 per cent greater than that of T S T .  

16. The rate of detonation of pentryl (density, 0.80) is 
5000 meters per second. 

17. d shielded detonator containing a base charge of 
pentryl, when fired in galvanized pipe, caused transfer of 
detonation to a receiving charge of 40 per cent straight 
dynamite over a distance of 54 feet (16.5 meters). Com- 
mercial tetryl detonators (No. 8), KO. G commercial picric 
acid detonators, and KO. 8 nitromannite-mercury fulminate 
detonators transfer detonation over a distance of 41 feet 
(12.5 meters). W t h  a So. 8, 80:20 fulminate-chlorate and a 
No. 7 lead styphnate detonator, detonation is propagated over 
a distance of only 11.5 feet. 

18. Pentryl explodes when heated t o  235" C. 
19. Fragmentation tests in hand-grenade bodies show 

that, under the conditions of test, the relative shattering 
pom-er of pentryl is somewhat greater than that of picric 
acid, and much greater than that of T N T  or tetryl. 
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Correction 
In the article on "Studies in Distillation. Liquid-Vapor 

Equilibria in Ethyl Alcohol-Water Mixtures" [IND. ENC. C ~ M . ,  
24, 883 (1932)], in Table I1 the values of y corresponding to the 
values of 2 of 0.1000 and 0.1200 are in error and should read: 
y = 0.4410 and 0.4665, respectively. 
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