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This invention is, concerned with the lcading ..
and exploding of explosive charges-in bore-holes

and.has particular application to.seismographic:

prespecting . and. other operations. in .which.a -
series- of - explosive charges..are exploded dn .a . &

single .bore-hole..

In- seismographic. prospecting; . a bore- hole SEA
drilled in.the earth, an explosive charge is loaded. -
thereinto and exploded, and the resulting seismic -

waves are -picked up-at. the surface of .the earth
and :measured: with. one or.-more -seismographs.
When. a .series of.charges: are to. be exploded:in.
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the.same_-hole, it-is frequently. desirable.to:load::
more-than one charge -into.the.-hole-at: or-about.;

the same time and so spaced from each:other.

in the hole that the explosion of one does not set
off - the other.

This .procedure - is -economical of-:

i3

time and energy, but frequently -is impracticable-:
when-the charges have to be-exploded at or neax. .

the. same depth.in the ‘hole.-

In.such case,-the: -

&

<

charges cannot be placed close to:each.other:

initislly: without danger- of.one. .setting. off: an~

other, . Moreover, in many cases an-upper.charge: -
cannot-be lowered -toward the position of a lower:.

charge after the explosion of:-the latter by reason .

of the fact that the. explosion:frequently caves: -

and clogs or bridges the -hole ‘between. the..two
charges.-

And even when.the charges-are fo:ba.:

exploded at points sufficiently spaced.from each::

other- that. the .explosion - of .the lower. charge -

cannot set:off an upper charge, the upper-charge. -

may be.blown up.or completely out:of the hole:

If the charge is merely blown up the hole, the-

original--and desired spaced relationship of :the
two charges is altered, and.if the charge-is blown

completely -out.;of -the ‘hole -there -is.-danger. of -

explosion at the surface with consequent-hazard -

to. persons. and property.: .

As a-result-of my investigations, I have. dis-. .

covered that when-the bore-hole is.filled . with.a

fluid; for- example -air.- (but.-preferably . a liquid:
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such as water -or drilling - mud) to-a level above :
the upper. of two vertically spaced charges:and::
the upper of the two is relatively .free-to. move:

down:the hole, the explosion:of the lower charge.
tends to.create a strong suction.in the hole below -
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interferes: with .the lowering of.the upper charge,:.
possibly because-the. elapsed.time is:.insufiicient..
to permit the hole to become clogged with suffi--
ciently consolidated:fragments from. the wall.of
the. bore-hele. Whatever be.the explanation, the :
fact remains that.under the conditions described;:.
the upper charge can .be.lowered:tc.almost.any .
desired position in the hole in the-first few secx
onds after the:lower. charge is.exploded,. with

_consequent saving.in.time.and.trouble: involved .

in cleaning out: a bore-hole between shots when
o number of charges must be exploded at or about.
the same depth in the hole...

Preferably. the -upper.charge is held in.its.ini-.
-tial vertical position .by..a line or lines (for .ex- .
ample, a shot-fire cable or cables) fastened to the ..
charge and extending up the bore-hole to the .
surface. Immediately after the lower charge; is -
fired, usually. by an electrically actuated detona-
tor.or blasting .cap, the line is.payed out and .the
upper charge is.permitied to be sucked or dragged *

into the hole to the desired level, further progress .
down the hole being prevented by tightening the -
line .and finally. snubbing it in the correct: posi-

5 tion.

If desired, a series of several.upper charges. may :
be introduced at. the same time, and.lowered .
into .the hole one. after the other as preceding:
charges are expleded.

Tt is desirable to. employ a plug.in the ‘hole .
above the uppermost charge to prevent a blow=
out of an.unexploded upper charge, since such::
a charge, especially if it contains a -detonator;:
would create a hazard if it was biown out: of.the -
hole and exploded in thé open air. Preferably

" ‘the plug should have in it'a vent of such dimen-

sions or configuration that it prevents the charge
from passing upward, and should also be so con=
structed that the shot-fire cables connected to

_the .charges. pass through .it freely ,when- the.

‘charges are lowered -after each’shot.. The plug~
should be placed in the hole after the charges are::
initially set and may be of several forms, as de-
scribed in detail hereinafter.

I have found that it is desuable to attach to.:

“the upper. charge an. expansible member -which

the upper charge which is sufficient. to-draw. the.
upper . .charge -down. the -bore-hole,. even .to. the..:

point-at which the lower charge was.exploded. T

have:-discovered; - moreover,: that if- the. -upper 5o
charge is.permitted to-drop-in.the hole substan- -
tially -immediately after the.lower: charge.is ez~ -

ploded (i.-e.-within the few-seconds:or:so. there-.

after) .and -while..the suction:created. by the. ex-:-

plosien:is still high, the caving.of:the hole seldom..

presses against the side of the hole and keeps it
from being blown up the.hole when the explo-
sion occurs below it. . At the same. time the ex-
pansible member. shouid be so. constructed that
it does not impede.the movement of. the, shot -
down_the hole.  This. may be accomplished by.;
providing mesans for releasing fhe pressure of.
the member against.the.side.of the hole when

.the. charge.is:to, be Jowered;.but a breferred form..
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it:may:be moved both:up -and.down-in. the hole -
during ‘the-loading-operation.:: For -example, if "

during - loading, a :charge-should be -placed: too

deeply,-it: may-be-pulled -back up:the hole to-the.*

proper: level by exerting -tension: on the :shot-fire

cable.

Despite.the-faet that with the device of Fig. 3,:
thé charge-is:not anchored. to the side.wall and
may-be-moved up the bore-hole during the load- -
410
action-of-the attachment is sufficient.to hold the -
charge at the correct level during the explosion :

ing. operation-with reldtive ease, the-springing

o

of that charge or:a :lower one.” The reason for -

tHis-is not:-entirely apparent, but the fact remains
that i many; if not most.instances, the device of

Fig. 3 is at-least as efficient asthat. of Fig. 2 i1

preventing:a charge from being blown out by the :
explosion-of-a lower:charge.” This is'particularly -
true-in- hard formations, -where the barb of.the
attachinent of Fig. 2 does notpenetrate the wall:
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of-ithe. bore-hole -to -any-substantial-'degree -and. *
hénce may offer less-bearing-surface than is:ob=:-

tained-with:the-side of the leaf spring in the de-
vice-of-Fig. 3."

Referring now-to Fig. 4,:it will'be seen- that it
provides-a-means for forming a-plug of concrete+
or other plastic settable material-in-the bore-hole -
{37 The-apparatus -for-forming-the  phig-com---
prises: & -circular ‘hase- plate-51 of ‘wood. or- the-

like, having a center hole 52 through which shot-
fire -eables {5, 16, 4T (or -other suspending means
for the charges) pass. A vertically disposed
tube 55 made of-cardboard, ‘plastic, metal or the
like.:is-fdastened to-the base plate and concen-

trically around the hole 52 and:iscofcslightlui

larger diameter-than the-hole. A .larger cylin-
drical member or casing 56 is fastened by means

such as-tacks 57, 58 (so that the fastening may-
be-easily-bfoken)- to the-base plate and extends -

upwardly therefrom.- Conveniently, this “outer
tube or casing is-a-section-of ‘so-called “plastic”
shot-hole casing.-

A -disk -59 of bronze sereen-or the like is-fast-
ened‘concentrically -at-the bottom: of the-base

plate-and is -of-larger -diameter- than the hore-

hole so that when-the apparatus is' forced down
the bore-hole; the screen-is bent upwardly on-all
sides-and forms-a-temporary botbtom form-for a
mass of wet concrete or-the like, 83, held in the

annular space between the. two.tubes above the. .

base. plate..

After the charges have been placed in the bore-
hole, at their initial positions, the sealing ap-
paratus illustrated in Fig. 4 is pushed down the
hole by means of a loading pole §1 or similar de-
vice inserted within the inner tube. ' As shown
in Fig. 5, this loading pole should have a section
$2 cut from one side to leave space for the shot-
fire cables passing through the tube. When the
sealing apparatus has been pushed down the hole
to a proper level, say slightly above the upper-
most charge, the loading pole is jerked upwardly
and the outer tube or casing 55 is broken loose
from the base plate and pulled up out of the hole
with the loading pole by means of cords 63, §4
fastened between the loading pole and the upper
portion of the casing.

When the outer casing is withdrawn, the con-
crete (or other lcose material) is free to flow outb-
wardly against the wall of the hole and to settle
against the screen cisk. Preferably the con-
crete is of such consistency that it is easily
handled and at the same time sufficiently fluid
to fow tightly against the walls of the hole.
Guick-setting cement should be used in the
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formation of the.concrete so that the -plug will"
set-iadequately vin :a short time,- say- less.-than.
two -hours::

In-the-practice of that phase of the process::
of ‘my:+invention: which -involves -the movement -
of-“successive ~charges down.the 'hole -following .
the- explosion: of “preceding .charges, the several
charges are pushed into.the héle to appropriate -
levels by:means of :a conventicnal loading spoon
or-ra-series-of ‘conventional loading poles. The -
bore hole is sealed; either before or after inser-
tign-of theé-several-charges therein, with a liquid,
asfor example, drilling mud.

It is:desirable-but not essential to provide all*
charges with an expansible:device (for example -
that ‘illistrated “in:Fig.- 3) 'which tends to hold
tha charges-in position and permits their move-
ment idown the-hole ‘when pressure or suction-
isi:exerted “on: them.: After the charges have
been-placed:(and spaced: sufficiently from each -
other-that ‘explosion-of-a lower: charge will not
set-‘off “an upper-charge)- it ‘is ‘also desirable to:
form-a plastic’ plug- above -thé uppermost charge -
as-described hereinabove.- The-use of the ‘plug:
ig-primarily -a-safety -measure.:

Whien-the-~chargesand.- the-plig are -all in--
position, the lowest charge is detonated ‘elee-
trically.- 'The -resulting explosion forces -the
column of liquid- or mud upwardly in the hole,
and in ‘many - cases ‘will' cause liguid to be -
squirted.out of the hole at the surface.  As the:
column- of - liquid subsides,- a. - strong suction is
created. on thé -upper charges. This suction:
usually lasts -for ~several seconds, say 5 or 10.

While -this force -is effective, the shot-fire cable -

holding the next lowest charge, say the charge -
i1, is released to permit that charge to be forced .
down the hole tc a:desired position, which may -
e the position originally occupied by the lowest -
When :the charge being sucked down -
the hole has reached the proper depth, it is held~
in this-position by the shot-fire -:cable and the -
process is repeated, i. e.; this charge is fired and -
the next lowest charged is lowered down the hole.

. expldsions - frequently - tear fragments
- side’ of the-bore-hole but these do not
have s great opportunity to bridge or consolidate--
in the hole while the column of-liguid or other -
fldid i is -moeving - violently - therein - and-‘ conse-
quently seldom-impede the .passage -of charges
¢own: the -hole:

As indicated,”it is'‘not-essential to the aspect
of the process just deseribed to use expansible
apparatus on the upper charges or to employ
the plastic plug. It has been found however,
that both of these expedients are desirable not
only as safety devices, but also because they
appear to aid the carrying out of the process.
Apparently the use of an expansible device which
holds the charges off center in the hole facili-
tates their being pulled downwardly by the fluid
column or by the vibrations set up by the ex-
plosion or both.

In the other aspect of the process, involving
the explosion of a series of shots at predeter-
mined locations vertically spaced from each
other in the bore-hole, the use of the expansible
devices on the upper charges is essential to pre-
vent their upward displacement from their orig-
inal measured positions by explosion of lower
charges. But, as already noted, the expansible
devices in such case need not be such as to permit
downward movement of the upper charges fol-
lowing lower explosions, since no such movement
is contemplated. Nevertheless it is convenient
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to use that type of mechanism, the downward
movement being prevented by tension on: the
shot-fire cables or the like. Accordingly, this
aspect of the invention may be carried out with
the apparatus illustrated in Fig. 1 and in the
same manner, except that the shot-fire cables
are not relarxed to permit the charges to drop
when the “suction” resulting from the explosion
of lewer charges is imposed. Instead the shot-
fire cables are kept tense to hold the upper
charges in their initial positions.

The use of a plug may be eliminated in very
geep bore-holes or whenever it appears that
there is no hazard of an unexploded charge be-
ing blown to the surface.

‘As shown in Pig. 1, in a preferred practice of
my invention, the charges are held off-center of
of the vent in the plug so that, in the event of
an accident and consequent movement. of-an
unexploded charge up the hole, it will not strike
the vent—an added safety feature. Quite aside
irom this feature, however, it is desirable to hold
the charge against the side of the hole so as
to increase the bearing surface and consequently
the resistance to movement of the charge up the
hole under the influence of a lower -explosion.

I claim:

1. In an cperation involving the drilling of a
bore-hole downwardly in the earth, the loading
thereinto of an explosive charge, and the ex-
plosion of the charge in the hole, the improve-
ment which comprises loading into the hoele a
plurality of charges held vertically spaced from
each other by a substantial distance, the hole
being filled with liquid to a level above the upper-
most charge, exploding the lower charge and
immediately thereafter releasing and lowering
the upper charge in the hole under the influence
of a downwardly exerted force created in the
lower part of the holé by the explosion of the
lower charge the lowering of the ubper charge
being accomplished before the bore hole is
clogged by debris resulting, from the explosion of
the lower charge.

2. Process according to claim 1 in which the
movement of the upper charge down the hole
following the explosion is controlled manually
from the surface.

3. In an operation involving the drilling of g
bore hole downwardly in the earth, the loading
thereinto of an explosive charge and the explo-
sion of the charge in the hole, the improvement
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which comprises loading into the hole a plurality
of charges held vertically spaced from each other
by a substantial distance, disposing a plug in the
hole akove the uppermost charge, the hole being
- filled with liquid to a level above the uppermost
charge, exploding ths lower charge and immedi-
ately thereafter releasing and lowering the upper
charge in the hole under the influence of a down-
wardly exerted force created in the lower part of
the hole by the explosion of the lower charge,
the releasing and lowering being accomplished
hefore the lower part of the hole is clogged by
the explosion of the lower charge. S
4. In an operation involving the drilling of a

5 bore hole in the earth and the explosion of

charges therein; the improvement which com-

prises- placing in the hole two charges spaced

longitudinally from each other by a predeter- -
mined distance and sufficiently- far apart that

the explosion of one will not set off the other,

holding the outermost charge in position in the

hole by exerting pressure therefrom against the

wall -of the hole, the hole being filled with liquid

to a point between the outermost charge and the

top of the hole, exploding the inner charge, and

immediately thereafter releasing the outermost

charge and permitting it to be sucked into the

hole-before its path is clogged by debris result--
ing from the explosion of the inner charge. -
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The present invention relates to catalysts for
the synthesis of hydrocarbons, oxygenated hydro-
carbons and the like, from carbon oxide and
hydrogen, and is more particularly concerned
with the step of catalyst reduction.

In accordance with this invention, an oxidized
metal of the iron group, such, for example, as
ferric oxide or the like, usually associated with
suitable promoters, activators, or other modify-
ing agents, is reduced at elevated temperatures
and preferably under superatmospheric pressure
by contact with a stream of hydrogen. Reduc-
tion is carried out in the presence of a non-
gaseous desiccant material effective to take up
water promptly as it is produced in the course
of reduction and thus enable the reduction to
proceed in the absence of or in the presence of 2
substantially lower partial pressure oi water va-
por than that which prevails in the absence of
the desiccant.

Advantageously, use of the desiccant material
is postponed until later stages of reduction, when
the reaction between the hydrogen and the re-
maining oxide becomes excessively slow and dif-
ficult. At this time, presence of the desiccant
material in the reduction zone appears to speed
and facilitate materially the sluggish reaction,
substantially increasing the rate of catalyst re-
duction and resulting in a more completely re~
duced product. Presumably, this effect follows
from the fact that water vapor tends to suppress
reduction, while lower water vapor concentrations
favor rapid completion of the reaction.

Provision may be made for continuously intro-
ducing a solid particle, desiccant material to the
reduction zone as a finely divided phase suspended
in the flow of hydrogen. As the hydrogen stream
circulates cyclically through the reducing zone,
the suspended particles absorb water vapor and
pass out with the residual hydrogen withdrawn
from the zone. Alternatively, a sufficient batch
of relatively coarser particle desiccant may be
retained in intimate admixture with the catalyst
until completion of the reduction step, where-
upon pneumatic separation may be effected by in-
creasing the flow of reduction gas so that the
hydrated desiccant is blown out cf the zone. Ob-
viously, in view of the foregoing, any other suit-
able method of separation may be employed.

The catalyst, reduced as above, is in a form
effective for contact with synthesis gas compris-
ing hydrogen and carbon monoxide, under reac-
tion conditions, including an elevated tempera-
ture and pressure at which the hydrogen cata-
lytically reduces the carbon monoxide with di-
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rect production of desired products, including
hydrocarbons and oxygenated hydrocarbons.
Preferably, however, such use of the catalyst is
preceded by a conditioning treatment, such as is
disclosed in copending application Serial No.
570,223, filed December 28, 1944, now U. S.
2,445,795, wherein use is initiated at a temper-
ature substantially below normal operating tem-
perature with a slow increase to operating tem-
perature over a substantial time period.

From the foregoing it will be apparent that an
essential characteristic of the present desiccant
material or dehydrating agent is that it readily
combines with water at the elevated temper-
ature and pressure at which reduction is effected,
to form a compound or compounds stable under
such conditions. In short, the dissociation pres-
sure of the compound formed by combination of
the desiccant with water is lower, at the tem-
perature prevailing in the reduction zone, than
the partial pressure of water vapor which would
prevail in ordinary operation, preferably less than
that partial pressure of water vapor in the gases
after condensation at pressures in the order of
100 to 400 pounds per square inch, and at normal
temperatures of about 100° F. and preferably
about 70° F.

Another desirable feature of the dehydrating
agent is that, during the course of hydration, it
advantageously tends to disintegrate or crumble
into smaller, fluffy particles which can be readily
removed from the catalyst by ordinary separat-
ing steps or can be swept out by a slight increase
in the upfiow of gases. :

Examples of effective desiccant materials are
carbides of aluminum and particularly alkaline
earth metals, such, for example, as calcium car-
bide and barium carbide, which combine chemi-
cally with water vapor to form corresponding
alkaline metal oxides and liberate gaseous acet-
ylene. The carbides of the rare earth metals are
also useful in this respect. On the other hand,
metal hydrides, such for example, as ealeium or
barium hydride, are similarly effective to combine
with water vapor, simultaneously liberating addi-
tional hydrogen to supplement the stream of re-
ducing agent. It is to be noted that substances
such as calcium oxide, barium oxide and mag-
nesium oxide, which chemically combine with -
water to form the hydroxides and substances
such as calcium sulfate and the perchlorates of
magnesium and barium which form hydrates, are
also useful as desiccants in the present process.

Agents which remove water by chemical com-
bination are, in general, more suitable for use in
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reduction steps carried out at relatively high tem-
peratures, as for example, in the range of about
G600 to 800° T., as contrasted with those which

form hydrates, which are usually effective at lowery

temperatures, for example, below about 400° F.
That is to say, compounds that are formed by
chemical interaction of the water and desiccant
are more Stable since they require higher tem-
peratures to convert them to their anhydrides.

The reduction of the catalyst contemplated, in
accordance with the present invention, may be
carried out at the lower temperature ranges, but,
is preferably effected in the case of a catalyst
comprising iron, at temperatures ranging above
about 600° F., as for example, 650 to 700° F.,
frequently under more elevated temperatures up
to 1000° F. and above, usually under superatmos-
pheric pressure, ranging, for example, up to 200
to 400 pounds per square inch and normally is
accompanied by formation of substantial amounts
of water. -

As the reduction approaches completion, the
reaction slows considerably in the presence of
only small proportions of water vapor. Accord-
ingly, even where the hydrogen is continuously
passed through the reduction zone, withdrawn,
dried and recirculated, at substantial rates, com-
pletion of the reduction requires excessive time
and results in an uneconomical loss of highly dif-
fusible hydrogen. This follows from. the fact
that dry hydrogen introduced to the zone is
promptly contaminated with product water va-
por.

Therefore, the present invention effects a sub-
stantial increase in rate of reduction by the re-
moval of water vapor as it is formed so that the
partial pressure of water vapor is substantially
lowered in the reduction zone. Thus the decrease
in the reduction rate normally encountered to-
ward the end of the operation is overcome. This
permits reduction at lower temperatures and at
lower rates of hydrogen circulation of the reduc-
ing gas than hithertofore. Therefore, the prep-
aration of substantial gquantities of catalyst may
be effected with a more economical utilization
of hydrogen and less loss of time, and the final
product may be more fully and completely re-
duced. In particular, the saving in hydrogen
lost by diffusion during more extended treatment
may involve a substantial economy in operation.

As intimated above, it is contemplated employ~
ing the desiccant in solid particle form, prefer-
ably in the form of powder or within the same
or similar particle size range as the catalyst par-
ticles so that intimate contact is effected within
the reaction zone.

The catalyst powder is usually in the form of
a mass of solid particles disposed loosely within
the zone and preferably aerated to a dense fluid
phase by means of the upflowing reducing gas.
The invention, however, is not thus limited, and
broadly contemplates the reduction of any suit-
able synthesis catalyst, whether in the form of
fluid or stationary bed of fixed particles. In the
fixed bed type of operation, or even with so-called
“moving” beds of catalyst, the particles may be
in relatively coarse form, providing substantial
internal free space through which a finely pow-
dered desiccant will flow when suspended in the
reducing gas. '

In either case, introduction of desiccant par-
ticles as a suspended phase entrained in the re-
ducing gas resulis in immediate distribution and
intermixture of the desiccant with the mass of
catalyst particles. Operating in this manner,

5

20

25

30

35

40

4

separate provision for mixing and distributing
the desiccant in the catalyst powder is obviated.

As intimated above, the rate of gaseous flow
through the fluid phase catalyst mass, and de-
gree of subdivision of the desiccant powder may
be regulated so that the catalyst particles re-
main within the reduction zone while the desic-
cant is withdrawn with the effluent hydrogen.
This can be effected with the catalyst in either
dense fluid phase, or fixed bed condition. Or,
somewhat larger particles of desiccant may be
retained in the zone, at least until the particles
have completed chemical reaction with the water
vapor and assume a more buoyant condition at
which they are entrained in and removed in the
circulating flow of reducing gas.

Alternatively, a stoichiometric quantity of
desiccant may be mechanically mixed with the
catalyst and the reduction compilesed under flow
rates at which entrainment of solid particles
is negligible, and thereafter, the flow rate in-
creased to a value at which the more buoyant
desiccant particles are in effect blown out of
the catalyst.

Provision may be made for filtering, electro-
statically separating or otherwise removing par-
ticles from the effluent hydrogen. Similarly, any
conventional means of separation may be em-
ployed to recover desiccant solid from the treated
catalyst. For example, magnetic separation af-
fords an efiective means whereby the final re-
duced catalyst is preferably rendered substan-
tially free from the added solid desiccant.

In accordance with one method of opsration,
a stream of hydrogen is continuously passed
through a mass of iron oxide powder, comprising
mainly FesOs and Fez03 finer than about 50 mesh
and containing a more or less uniform distribu~
tion of particles down to about 20 microns in
diameter. Preferably, the hydrogen is passed

_ upwardly through the mass at a temperature of
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about 700° F. and at a suitable linear velocity
such that the catalyst particles are held in a
dense fluid phase without material entrainment
in the effluent gas. Unconsumed excess hydrogen
is withdrawn from the top of the dense fluid
phase, cooled to condense contained moisture
and separated from the condensed water. There-
after, it is usually continucusly reheated, and
continuously recycled to the inlet with an ap-
propriate supplement of fresh hydrogen to main-
tain the required flow.

Under these conditions, reduction of the cata-
lyst proceeds at a fairly rapid rate until some-
what above 2bout 80 per cent of the oxide has
been reduced to metallic iron.

At this point, a batch of powdered calcium
carbide is thoroughly mixed with the catalyst
in at least the stoichiometrical proportion effec~
tive under the temperature and pressure condi-
tions prevailing to absorb the water vapor formed
during subsequent reduction. Recirculation of
the hydrogen is continued as before, until at least
95 and preferably 100 per cent of the catalyst
has been completely reduced, and the desiccant
is then separated from the cafalyst by any de-
sired means. ‘

In accordance with one speecific embodiment
of the present invention, there is provided about
750 pounds of an alkali impregnated ferric oxide
finer than 35 mesh, about 80 per cent being finsr
than 100 mesh, and about 30 per cent being finer
than 325 mesh.

The ferric oxide contains approximately 2 per
cent alumina and about 1 per cent potassium,




