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density.
quite well.

effect 1s resolved.

A phenomenological study of the dependence of steady deton&-
tion velocity on chsrge radius (the "diameter effect") in

eylindrical configuration is described.
mainly given to high-density heterogeneous solid explosives
cast or pressed to greater than 94% of theoretical maximum
The work centers around a new fitting form which
fits data for both homogeneous and heteroger.eous explosives
Some success 18 achieved in correlating the

parameters of the fit with measured quantities.
of Joints in rate sticks and of boosting on steady detcnatior
velocity is examined experimentally.
Firally, front-curvature measursments
on a plastic bonded TATB are used to deduce the reac*icn-
gone length for this aexplosive. :
gon* lengths obtained by other methods.

Comparisons are m: * with

Consideration 1a

The effect
A significant joint

INTRODUCTION

A study of the dependence of steady-
state detonation velocity on charge
radius in cylindrical geometry (the
"diameter effect") 1is reportei. Emphaasls
is placed on conaideration of solid ex-
plosives which are heterogeneous (i.e.,
cast or pressed from a powder containing
many different sizes of microcrystals)
and at greater than 94% or theoretical
maximum density (TMD). For purposes of
comparison, diameter-effect curves of
two liquid explosives are also included.

'The diameter effect has importance
at different levels. For example, 1t
can be used as an engineering tool for
gauging the size ol system in which an
explosive will behave "ideally." On a
more basic level, the two-dimensional
effects can be used as a probe for
Jtudying reaction-gone structure.

The theories of the diameter effect
presented to date either have been shown
to be incompatible with the sxperimental
data for heterogeneocus solid explosives

WWork performed under the auspices of the
Energy Resear:ch and Development Admini-
stration.

[1.e., those of Eyring et al. (1) and of
Jones (2)] or are not expressed in terms
of the commonly measured experimental
quantities [Wood and Xirkwocd (3):. The
treatment given here is pheromeno.ogical;
i.e., the study 1is restricted to finding
regularities within the data. Such reg-
ularities should give hints on the mech-
anisms which are domirant and should act
as a guide and constraint or. a baeic
theoretical treatment. The work in this
paper centers around a new fitting form
which fits data for both homcgenecus and
heterogeneous explosives quite well.
This form is applied tv new data as well
as to data taken from the literature.

In the course of obtaining the new
experimental data, it was fcund that
Jouints in small rate sticks perturted
the detonation velocity mignificantly
for the purposes of high precision mea-
surements. These results are discussed.
A study was also made of the effect of
boosting on the steady-state velocity.
No significant offect was observed.
Finally, measurements of front curvature
were made on 3 plastic-tonded TATB.
These measurementc, when combined with
the diameter-effect curve and the Vood-
Kirkwood (WK) theory, deternine a re-
action-zone length on the central atream

1.
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tube as a function of stick radius. The
infinite-medium reaction-zone length
thus obtained is compared with those
from independent measurements.

I. EXPERIMENTAL

Ezplosives The explosives for
which new data are presented were care-
fully prepared by casting or pressing
followi the procedures described by
James (R?. An exception was XTX-8003,
which was composed of PETN mixed with a
casting resin. This explosive was pres-
sed into grooves cut in polycarbonate
slabs and then the resin was allowed to
polymerigze. For this explosive, the
densities of the rate sections were in-
ferred from specimens with che same
composition; for all other explosives,
densitien wera obtained by immersion of
the pleces used in the rate studies.

In the case of Amatex/20, the pleces
were sprayed with a thin film of plasti:c
before immersion.

Detonation-Velocity Measurement
Most ol the rate measurerents were made
with the pin technique as described by
Campbell et al. (5), except for a few
changes of detail. All pleces were
measured for length in a temperature-
controlled room. The most common piece
length was 50 mm, and lengtns were mea=-
sured to about 102 mm. The pileces
were assembled in columns with 50-um
copper magnet wire inserted in the
.Joints as ionization switches. The
columns were then clarped as shown in
Fig. 1. In order t» ensure that joints
bstween rate sections were closed and
yet that the sections were not over-
compressed, the clamping bolts wers pas-
sed through carefully machired spacers
as shown.

Fig. 1.

Schematic of a typical rate-
stick assembly.

In the case of PBX-9404 at diam-
eters of about 1.3 mm and less, the det-
onation velocities were measured on in-
dividual pieces 12.7 mm long using a
sBear camera. As the result of carefully
determining the image magnification and
of dynamically calibrating the camera,
the optical rate measurements are
tho:sht to be accurate to better than
0.1%.

Shots were temperature controlled
to # 1°C. Detonation velocities were
obtained from the pin data by linear
least-squares fitting.

II. DIAMETER EFFECT

Figure 2 shows the dependence ¢’
the steady-state detonation velcecity <n
the reciprocal of the charge radius for
the group of explosives considered. Cne
notes that numeroua scales and shapes
are present. Except for the liquids
(nitromethane and T\T) and for rresseid
TNT and XTX-8003, all =he data necessary
to generate these curves were cttaired
without confinemert. The curves for 21l
the solid explcsives (except the TATZ
formulations) show downward corcavity.
It was shown by Malir. ot al. (€) usirg
data for Compositicn 35, :that thls tyre
of curvature 1is contrary tc the ti.eor:
of Eyring et al. (1) ard 1s not fitte?
properly by Jones' theory (3). It should
be noted that Eyring's Sheory does fi=
the data for (the homcgereous explcs!ves’
liquid nitromethane and liquid TiT quize
well. The WK theory (3) cannot be
tested against the data tecause tL2 ve-
locity decremint 1s expressed in tercs
of the detona:ion-wave curvature on the
central stream tube rather than in terms
of the stick radius.

In view of these failings or inap-
plicability, it was decided that a phe-
nomenological approach should be made
and that the otjecstive of this approa:zh
vould be to find regularities in the
data. Such an approach, 1f successful,
should give hirts to, ard plaze con-
straints on, a correct hydrodynamic the=-
ory of the effect. 1Inr addition, it
would systematize the data and allow ac-
curate velocity interpolations to be
nade at any desired diameter.

The cornerstone of this treatment
is the functional form.

D(R) = D(=) [1 - A/(R-R,)], (1)
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Fig. 2. Composite of dismeter-effect curves :n the D-vs-1/R plane. Broken lines are

conjectural.

where D(R) and D(=) are the detonation
velocities at charge radius R and {n in-
finite medium, respectively, and A and
Re are length parameters. Arn alternate
form of Eq. (1), which diasplays the nan-
Eyring part explicity 1is

AR
S-{.»

R(R-Rc)

D(R) = D(e) | [1-A/R] =

Note that Eqs. (1) and (2) reduce to
Eyring's form where R_+0. Thia is a rea-
sonable behavior sinc a line in the D-
vs-1/R plane accurately represents the
data at sufficiently large charge diam-
eter. In addition, as R=R., D(R)+==;
i.e., there 1is an asymptot= a. "lul-e¢ R,
At fixed R., the parameter A determines
how abruptiy the downturn in the curve

cccurs; 1.e., the smaller the value cf 5,
the more abrupt the drep. Filgure 3 dis-
plays this. ince D(R)e-» ag R~R,, che
fhysical regior. corresperds to values »°f
R>R. and in particular the faiilure rad!:s
must obey Rf’nc'

Equation (1) was fitted tc the
avallable data by the method of least
squares. QOraphical displays of syptcal
fits are ziven in Figs. U and 5. The re-
ggltg of ~he fits are giver. in Tabla I.

e PBX-9L0U result shown in Fig. L 1s
typical of high-dencity hetercgenecus
explosives. Contrasting tehavior is
shown by the liqgid form of nitromethane
(7) and of TNT (8).

The liquid TNT data are linear 'n
the D-vs-1/R plane. The fit of the
nitromethane data shows slight upward

(¥
.
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of Fig. S are of the same size us the
experimental error. This 1s also true
of the other fits listed in Table I.

It 1s thought that the very dif-
ferent conformation of tha curves shown
in Pigs. 4 and 5 is due to there being
two mechanisms supporting wave propaga-
tion in heterogeneous solids, i.e., hot
spots and homogeneous burn; while in
homogéneous explosives only homogeneous
burn is present. Thus, one can specu=-
late trat in heterogeneous explosives
at large diameter both mecharisms con=-
tribute to driving the wave while at
dismeters near failure only the hot-
spot mechanism sustains wave motion.
The lack of a region of sharp drop in
the liquid curves 1s then due to the
absence of the hot-spot mechanism.

The quality of the fits obtained
with Eq. (1) car be gauged from Fig. 6.
In that figure, the fitting form and
some typical data polnts for the various
axplosives are piotted in a reduced co-
ordinate plane, (i.e., D(R)/D(=) vs
A/(R-Re). The existence of a plane in
which all the data can te plctted near
a8 single curve s suggestive that the
processes which zontrol the dlameter ef-
fect are identical and that <he differ-
ent curves in the D-vs-1/R rilanc result
fron variaticrs o> the relative effec-
tiveness of tre processes.

P
+ POX-9404
O Amalex/20
O Camp O
Q0 77723 Cyciorel
2 XTX-8003
Y Octol
e PBX-930)
R . X029
[+ ® X-0290
& Caot TNT

5
7]
]

o

-ty 7 7 7 7'
Y4 S S D ST U0 S W N VD VS SN W NN G W S . {

D(R}/ O (a0
o
3

00

+

/

bkl AR Y WS S DU S |
080 ¢ 508 0.10 o8
A/R-R,)
Fig. 6a. Diameter-effect curve and data

points in reduced coordinates
over the full range ol velo=-
city deficit.

Another observation that can be
made is that the fitting parameter R
correlates with the experimental raiiure
radius. This correlation is shown ir
Fig. 7. One sees that except for Amatex/
20 and Baratol 76 (not plotted), the
linear least-squares fit R_ = (0.877 ¢
0.054)Re passes close to £he data. The
Baratol 76 curve is qu:vtiocnable because
it 1s determined by oniy three points
and none of these are very close to the
failure diameter. <Consequently, the
curvature may not be sufflciently well
determined for the fit to be useful near
faillure. Of the other explosives which
give data points markedly to the right
of the fitting curve, cast TNT, Amatex/
20, and Octol may be expected to yleld
small charges containing critically in-
sensitive regions—cast T.T by wvariation
in tie freezing rate, Amatex/20 by segre-
gation of ammonium nitrate, and Octcl by
virtue of the large-parsicle-size HMX
used. These inseasitive reglons may have
resulted in larger values cf Rf.

An attempt was made %o correlate A
with Re. This was not as sucecessful,
The daga scatter badly atcut a power law
of the form (A » KR}, However, althoueh
or.e canrot quantitatively relate A and

IOOD T T ™ T ™
'\ ® PBX-950!
q ¢ Comp A
N W
0.99 |- \' -
- N
g a0 /.
e \ ]
3
o v X-0219
098 @ x-0290 l' 1
4 Cast TNT
4 Pec .yed  TNT
- B Creomed TNT ~
{ Liquid TNT
(Q Liquid Nitromethene e
Y 1 1 1 1
0970 0.0l 0.02 0.03
A/(R-Rc)
Fig. 6b. Diameter-effect curve and data

points in reduced coordinates
over the first 3% of velocity
deficit.
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The hashed lines correspond %o
plus or minus one s:ardard devi-
ation of the slope ¢! the line.
Where no error bars are !rdi-
cated they are less than the
dot size; where error bars are
indicated they 2re srose of
Table I. The equation of the
atraight line ¢s R. = (7.877 &
0.055)Re.  An arréw to the
left of an entry .rdicates that
no sticks that failed were
Tired.

R,, there 13 a correlation ir the sense
tﬁat a larger value of A terds to cor-
respond to a larger value of Rg.

III. THE JOINT EFFECT

It 1s necessary to {ire very smalil
rate sticks (*l-mm diam) in order to
obtain a complete diameter-=ffect curve
for some of the explosives in Table I.
One has the intuitive feeling that the
presense of Jjoints and pins in such
sticks may significantly perturb the
detonation wave trajectory. Such an ef.
fect (called the "joint effect™) would
result in underestimation c{ detonation
velocity and overestimation of failure
diameter. These considerations prompted
a aearch for such an effect.

The experimental method was to re--
cord with a smear camera the progress
of a detonation wave in a rate stick
consisting of 4 to 6 cylindrical seg-
ments of the same diameter. The expln=-
sive was in the form of right-circular
cylinders machined to size from singly-

. pressed billets. The cylinders ranged

in length from 25.4 mm to 12.7 mm, and
in diameter from 5.01 mm to 1.5 mm. Be-
cause PBX-9501 is a rather corpliart ex-
plosive, the charges having diameters of
1.5 and 2 mm were measured on a contour
projector with digital readout.

Each piece was supported at °%wo

places and was -ied to a cradle w'th =0-
um copper wire to prevent buczling of
the column under pressure. EBcostering
consisted of a small pellet of PBX-94C4
initiated by a detonator which was held
in a threaded mount. Good contact was
secured at the Jjoints between cylind.rs
by inserting a thin metal sh'r in cre ¢
the joints and tightening the threaded
detonator adaptor nat until siighs ‘ric-
tion was felt upcr sliding the shir.
The shim was ther reroved ard the rit
turned ar. amount c;alculated tc azvance
the detonator a distance egual %c the
thickness of the shim.

The assemblel rate stick was
mourted before the srmear carers <ith s
precisior magrifization scale and a nhrae
tographic rescluzlon chars a:tazked °c¢
the cradle. To ensure cons®ar:t Tagnl-
fication along the stick, tre while ae-
sembly was arrarged perpendicular.:y te
the optic axls by use ¢ a laser tean
projected along the camera ~rzi:a; 2xls
and reflected from the magrifizet!inn
sca.e.

When charge alignment was achleved,
photographic resolution was chezi:s?d :on
still photograrhs made or. Panazcmis-X
film. Allowance was made f¢r any devi-
ation between the plane cf <he =magrn!fi-~
¢aticn scale and the surface =7 =he ra:e
stick by moving the camera axially an
appropriate dilstunce. Terperature was
cortrolled to 23° % 1°C.

Before firing the rate sticx, *!
film was lightly fcgged ty rctating
mirror with the shutter oper.; 2 trea
vhe came.”a slit produced a .ine irdi-
cating the writirg directicr a.ong he
film, and in the aralysis of the firirys
record the writing speed av the ioca-
tion of the record was intery:.a:ed
from a previous calitraticn.

Where pin records were taken, “he
switches were made of silver ritbon 3 mm
wide by 10 um thick. Thcse were irserted
in Joints between stick segrer:s anrd
heid in place with Eastman 91C adhesive.

The experimental space-time trajec-
tories werc fitted to the riodel

x(t) = 8 + Dt + oN, (3)

where N is8 the segment number on the
stick (0, 1, 2, ...), &§ 18 the spatial

?
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Joint effect, D is the detonation velo-
city, t is the time measured from some
origin, 8 is the intercept at N = (0 and
t = 0, and x(t) 1s the position of the
detonation at time t. The assumptions
of the model are that the detonation
velocity is the same in the s:eady part
of each segnent and that there is an
identical offset (possibly zero) at each
Joint.

Figure 8 shows the type oi' behav-
ior to be expected from the model and
the experiment if there 1s a significant
Joint effect. Figure 9 shows the re-
sults for PBX-9501 in terms Of the time
lag at a jJoint (°.e., &§/0). One sees
the. the effect is a strong Tunctiocn of
stick diameter for the three sticks
fired with clean=butt joints.

RPurthermore, the one stick fired
with glue and pin foils present in the
Joints shows a greatly erharnced effect.

Calculated
(haoshed)

b

Experimental

— v a— a— wa—

I“ Joint
Positions

Overs

A

~_ o

Undershoot

Spaticl Deviation

hoot

‘.___._._.__.__________.____.J.._.._.._..____.....__
-

Fig. 8. Schematic of experimenta’ and
calculated detonaticn trajec-
tories are shown ir the ugper
portion. Anticipated devi-
ations of experimentzal points
about the model are shown ia
the lower portion.

-30 T T v T 4 \j B
. ® Give ond foil = jomt 1
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28| (Diameter = mm) ( Time lag~ ns)
= (1.58)(216 2¢.2) .
E -0 E
g ¢ ;
'é"’ - p
A~ 200004 221) 1
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:
- (283)(14222) 3
o:__{._._ N Symetot:z -
+2—o8l 10 15 275 25 30 35
himml R (mm)
Fig. 5. Joint-effecs for PEN=SSC! as a

functicn cf sticy rallus and
form of the !sirnt. Tre poele
tion c¢f <he vertical scyrptote
is conjectural, The aerrar targ
correspcrnd ¢ one stardiar: de-
viation

In this case, the errer irduzed Iin tre
pPin measurenent - velocisy 3ue = tThe
Joint perturbazi:ns was ¥2.2¢ /17 m/8).

One concludes zhat 1¢ c~rie wishes t:
make highly preclise measurerents -f Jjev-
onation velocity :r of fallure d:*-o:.*
this effect must be avoided.

IV. BOOSTER EFFECT

There were indications ir the worx
of Bdzi1 (15) that “he steady=state ve-
1ocity in a rate st!ck might te a func-
tion of the manner ¢f bocsting. If suech
an effect were present, scre of the
digmeter-effect datza would have %S¢ L=
reinterpreted. Since Bdzil's uwoprk was
concerned with PBX-3404 z2nu sin:e the
deviations about the fit wes > non-randen
for this explosive, 1t was ienkded that
an experimental tes'! should %e :.ade.
This was done by strengly over- and
underdriving two very long PE-34QU rate
stlicks.

The explosive consisted of 30 care-
fully machined right=-circular cylinders,
25.4 mm dlameter by vo 8 mm long, taxen
from two pressed bille Density was
measured for each piece by immersion in
water. The uniformity of the btillets
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wag 1llustrated by the results: 7

pleces had densities of 1.845 g/em?,
20 gieces 1.846 g/cm?®, and 3 pleces
1.847 g/em’.

These cylinders were rsndomized
between two rate sticke, ore of 13
pleces to be overboosted ard one of 17
pleces to be undertoosted. Under-
boosting was achieved by use ¢f an
Amatex/20 column 25.4 mm in diameter
end 152 mm long. (The detcnation pres-
sure of Amatex/20 in plane gecmetry 1is
=200 kbar.) Overktocsting ¢! the shorter
stick was obtained by use of the booster
diagramed in Pig. 10. (The design of
this booster was due to B, G. Craig and
s:oguged a pressure of 404 kbar in PBX-

ok,

Wave curvature was measured at the
end of each stick ty reans cf a small
mirror which was niled and clarped %o
the terminal zurface. Light from a
small shocked-argcen light scurce was
reflected into a smear camera st as %o
produce an extirnction reccrd ¢f the ar-
rival of the detonation wave.

Precautions were taken with termper=-
ature cortrel, filim shrinrkuge, sprace
resoluticrn, ~ -.era writing sreed, irmage
magnific:..orn, and many c¢ther factors.

No large »ffe2: cn the Zdetcnaticn
velocity was cbtserved; the measured Ye-
locities were 9.7735 & 2.000% and
8.7754 ¢ 0.0003 mm/us fer she cver-
driven ano underdriven sticks, res-ec=-
tively. Note that the velcc!ty results
are not within twc starndard Z2eviaticns
of each other. The (central) frecnt
curvatures were measured and they were

A BC
A
£ 4 G
200 mm = :tf:Etﬁd:ﬁ:{
- = 25mm
Fig. 10. Diagram of overboosted rate

stick assemtly.

A. Plane-wave lens

B. 50.8-mm PBX-GuOU

C. 0.38-mm polyethylene
D. 0.25-mm magnesium

E. Rate sections

F. 0.05-mm copper wire switches

G. Mirror

significantly differept teing 337  3mm
(overdriven) and 355 2 4 mm (underdriven).
The larger velocity corresponds to a
longer radius »f curvature, as it should.
It 1s unexpected that the overdriven
stick shows a smaller radius of curvature
and a lower detonation velocity.

V. PRONT CURVATURE AND REACTION=-ZCLE
LENGTH IXN X-C219

Front-curvature measuremen:ts were
made or X=-0215 (90/10 TATB/XKelF 800) at
stick diameters of 18, 25.4, and 50.2 mm.
It was found that the dectcration fronts
near the charge axis are quite accura:ely
represented by spherical waves. The
three values of front curvature on :he
stick axls fall close *» a streight iline
in the front-curvature-vs-s:!ske-radius
plane. The comtination of desonasiza
velocity ard front-curvature mezsureTents
aillows one tc calculate zhe reacticn=-
zone length cor. the stlick axils as a funs-
tion of stici: radius, if the WK thecry
{3) 1s accepted as valid.

In Pig. 11, the pradius <f curvature
(S) is plotted vs *he stick racdius (2.
From the limi:ed arcunt ¢f avallable
data, one inds an arproximately linrear
relatlonshiz tetween S and R. The curva-
turss were ctealned ty fitsing a sgheri=-
cal wave mcdel bty the methcd ¢f lezss
gquares ¢¢ the tentral €77 of she and

traces.

225 T T T T T T T
- _ e Experimental points * .
E S:A'+BR
E 175+ As=412 7mm -
S 8:299%04
e B S:2102 2 mm
5125+ .
(8 )
- N -
° S:89%2 mm
g; g1 7
®
« - ¢ S245%1mm 7]
] ] ] ] JE | 1
25 10 15 20 25
Stick Radius (mm)
Fig. 11. Central front curvature vs

stick radius for X-0219 rate
sticks.
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The WK relationship for the velo-
oity decrement 1is

D (8) = D(=) [1 - ate(s)/g]. (8)

vhere D(S) and D({) are the detonation
velocities with radii of curvature 8
and =, respectively, o is a constant
dependent on the properties of tae «¥-
plosive, and £%(3) is the reaction-zone
langth on the stiek axis.

It should be noted that the WK re-
sult has bdbuiltin assumpticns more ape-
propriate for a homcgeneous explosive
than for a heterogensous cne. This may
be less of a deficiency for X-0219 than
for other solid heterogeneousz explosives,
because TATB formulations exhitit some
liquid~like behavior, e.g., linear
diameter-effect curves, sza.. velccity
deficits before failure, and emperature
dependent failure diaceter.

Combininrg the diameter==:fect
curve, D(R) = D(w)[1 - A/R., where D(e=)
= 7,627 < 0.015 mm/us and A = C,2€0 ¢
0.023 mm with the front-curwaure re-
lationshio S = A’ ¢+ BR, where A' =
-~ 4127 mand B=9.92% 2.1 gives the
form

D(S) = Dre) |2 -(—BL) sel . e
S - A’

Comparison of Eq. (5) with E3. (4) al-
lows one to make the¢ identifization

e*(s) «BA g5/(s - ) (6)
a

TABLE 11

or alternately

go(n) = A [» + arm] . (1
a

By use of the experimental valueg P J"
278 kbac-a, Pepike °* 364 xbars, o = 1.915
g/en’, D = 7.8%7 mm/us, and a v=lax
equation of state, vne finds tha* az=2,
Since A, a, and B are greater “La:n 2erc
and A' is lesa thar zerc, 3. (7} re-
presents a straight lire ir the f8.us.
1/R plane with negatlive slupe. <h!
shows that the axial reac:ion-zore
length (distance from shoc« to scurlc
locus) decreases with dezreas.rg sharge
radius. A decrease ir. charge raltus re-
sults in an increase ir axlal flzu sStiver-
gerice and, as a resul”, ‘he gernl: rlane
ro.ves clcser ¢ the shock. The !r%er-
cept, given by AB/a, 12 She infiricn-
medium reactizrn-zore lengc:h ani ! =as
the numerical value £8%(a) o [, 'm, The
result 1s compered in Taki: TI lar
reaction-zor.e .engtha cksained t» {=de-
pendent means.

(R X R

One notes that <he reassure-zncs
glver. ir. Tatle I breax intz tu:r lazze:,
i.e., these fcr zcre lengirs greztar :»w
less than 1 mm. I% !5 fel-. tra: -ra
first three er:ries zre e reri ;- s2=!.
rates. Consejuerti;, ¢ 2 agserced
that the react!cr-zonme !c 3onom o
long in sore TATR formulaticons Lrnd o?
the order o7 : =n.

REACTION-ZONE LENGTHS POR TATB FORMULATIONS

Aeact ion-
Zone De
Length nal
Teohnique (am) Formulation (wt§) (glel“ § TMD Nelerence
Wood-Kirkwood theory and
axisl front curvature This
neasurensnts 1.3 90/10 TATB/KelPF 800 1.911-1.918 98.20~98.41 pager
Raytrace scoustice and
X rarefaction- 90/5/5
wave experim.at 5. TATB/Bwsx/Elvaz 1.7% 99.32 Ref. (1€)
W.C.Davis
. thie
Magnetic probs measurement 3.3 95/5 TATR/KelP 000 1.89% 97.56 syoposiunm
Pushing inert plates
of various thicknesess 0.3 90/10 TATB/KelP 1.915 98.04) Rer. (17)
Eyring theory snd diamwter- This
effeot curve messurements 0.14 90/10 TATB/KelP 800 | 1.911-1.915 98.20+98.41 paper

10.
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