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Description 

This  invention  relates  to  explosive  compositions  that  have  a  relatively  low  detonation  velocity  and 
exhibit  a  shock  wave  component  that  is  small  relative  to  total  energy  release,  and  that  are  suitable  for 

5  stimulating  water,  oil,  and  gas  wells  by  formation  fracturing  or  fissurization. 
The  technique  of  using  high  explosives  such  as  nitroglycerin  to  stimulate  or  revive  water  and  oil  wells 

is  very  old.  It  has  been  customary  to  use  suitably  limited  amounts  of  such  high  explosive  materials  for 
these  operations,  probably  because  the  characteristics  of  those  explosives  are  well  known  from  experience 
in  shallow  excavation  work,  where  movement  of  the  surrounding  material  is  possible,  and  the  fact  that  the 

10  detonation  pressures  of  those  high  explosives  are  much  10  to  50  times  greater  than  the  yield  pressures  of 
the  surrounding  rock  is  irrelevant. 

More  recently,  substitutes  for  nitroglycerin  and  other  high  explosives,  such  as  mixtures  of  metriol 
trinitrate  and  diethylene  glycol  dinitrate  as  described  in  U.S.  Patent  No.  4,371,409,  have  been  used. 

However,  when  such  high  explosives  are  detonated  in  a  deep  well  where  there  is  no  possibility  of 
is  substantial  movement  of  the  surrounding  material,  the  results  obtained  are  unpredictable,  because  there  is 

insufficient  knowledge  about  the  surrounding  geological  structure  at  the  active  level  of  deep  wells,  and  it  is 
difficult  to  estimate  the  amount  of  explosive  needed  to  enlarge  the  well  bore  and  open  up  the  surrounding 
geological  formation. 

In  most  cases,  such  high  explosives  cause  irreversible  plastic  deformation  of  the  nearby  rock  and 
20  elastic  compression  of  the  surrounding  area;  the  latter  can  then  expand  only  partially,  because  of  the 

barrier  produced  when  the  material  nearer  the  well  bore  remains  in  its  deformed  condition.  This  produces  a 
stressed  area  surrounding  the  well  bore  in  which  deformed  rock  and  the  fines  produced  by  the  explosion 
restrict  the  flow  of  gases  or  liquids  into  or  out  of  the  surrounding  formation,  and  frustrates  the  purpose  of 
the  fissurization. 

25  If  it  were  not  for  the  permanently  deformed  area  of  residual  stress  surrounding  the  well  bore,  the  stress 
wave  would  be  expected  to  achieve  a  successful  fissurization  by  moving  into  surrounding  fractures  and 
extending  them  over  a  360°  range  into  the  surrounding  untouched  formation. 

It  is  known  that  better  control  and  predictability  of  fissurization  or  fracturing  of  wells  can  be  achieved 
by  using  a  chemical  gas  generator  contained  in  a  housing  and  capable  of  producing  a  controlled  and 

30  gradual  release  of  energy,  as  described  in  U.S.  Patent  No.  4,081,031.  The  gas  generator  may  be  for 
instance,  nitrocellulose,  alone  or  mixed  with  aluminum  powder,  or  a  mixture  of  potassium  chlorate, 
paraffin,  and  aluminum  powder.  Such  materials  produce  a  flame  front  travelling  more  slowly  than  the 
speed  of  sound,  and  the  underlying  chemical  reaction  lags  behind  the  flame  front;  thus  differing  from  high 
energy  explosives  of  which  the  detonation  wave  travels  faster  than  sound  and  the  bulk  of  the  chemical 

35  energy  is  quickly  released  behind  the  shock  front  of  the  detonation  wave. 
There  is  a  need  for  improved  explosive  compositions  that  produce  a  maximum  pressure  less  than  the 

yield  stress  level  of  the  surrounding  rock,  while  maintaining  the  gas  generating  properties  of  a  high 
explosive,  including  a  substantial  total  energy  output  that  can  successfully  induce  multiple  fractures 
around  a  selected  part  of  a  well  bore  hole.  In  technical  terms,  that  means  that  there  is  a  desirable  proportion 

40  between  the  shock  wave  (S)  and  the  gas  or  "bubble"  expansion  (G). 
It  is  also  desirable  to  provide  explosive  compositions  that  avoid  producing  an  excessive  amount  of 

debris  in  the  well  bore  which  would  require  expensive  bailing  or  cleaning  up  procedures,  and  that  are 
similar  in  cost,  convenience,  and  packing  efficiency  to  conventional  high  explosive  compositions. 

Compositions,  such  as  disclosed  in  US  —  A—  3033718  and  US  —  A—  3894894,  for  use  in  propellants  are 
45  known.  However,  the  present  inventors  have  found  that  certain  of  these  compositions  are  suitable  for 

overcoming  the  aforementioned  problems  in  formation  fracturing,  fissurization  and  the  like. 
According  to  the  present  invention,  there  is  provided  the  use  in  formation  fracturing,  fissurization  or the  like  of  an  explosive  composition  containing  as  the  explosive  component  (a)  at  least  one  member  of  the 

group  consisting  of  metriol  trinitrate,  diethylene  glycol  dinitrate,  and  nitroglycerin,  characterized  in  that  the 
so  said  component  is  combined  with  (b)  a  detonation-modifying  ester  having  the  formula 

ROOC-fA-4-COOR1, 

[R2-fA'-KH-3P=0, 
55  Ra-fA'-HNO2]2,  or 

R3-(O—  Ac)m 
in  which  each  of  R  and  R1  is  a  lower  alkyl  group  having  up  to  8  carbon  atoms;  A  is  a  lower  alkyl  group 

so  having  up  to  8  carbon  atoms  or  is  a  substituted  or  unsubstituted  phenylene  or  naphthalene  group;  A'  is  a substituted  or  unsubstituted  phenylene  group;  R2  is  a  methyl  or  ethyl  group;  R3  is  an  alkyl  group  having 3  —  8  carbon  atoms;  Ac  is  an  acetyl  group;  and  m  is  1  ,  2,  or  3;  the  ratio  by  weight  of  the  modifying  ester  (b) 
to  the  explosive  component  (a)  being  in  the  inclusive  range  between  9  and  20%  of  (b)  to  between  91  and 
80%  of  (a). 

65  Preferably  the  ratio  by  weight  of  the  modifying  ester  (b)  to  the  explosive  component  (a)  is  in  the 
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inclusive  range  between  9  to  45  of  (b)  to  between  91  to  55  of  (a).  The  most  preferable  ratios  lie  in  the  range 
from  9.8—18.3:90.2—81.7,  to  obtain  the  most  desirable  proportion  between  released  explosive  energy 
expressed  as  shock  wave  (S)  and  explosive  energy  expressed  as  gas  or  bubble  expansion  (G).  The 
mathematical  relationships  involved  with  (S)  and  (G)  are  taken  from  the  well-known  work  "Underwater 

5  Explosions",  by  R.  H.  Cole,  Princeton  (1948).  The  equipment  used  and  specific  calculations  used  are 
described  in  the  article  "Measuring  Explosives  Energy  Under  Water",  by  E.  K.  Hurley,  in  Explosives 
Engineer,  No.  2  (1970).. 

Preferably,  the  ratio  of  (S)  to  (G)  is  within  the  range  of  about  5  to  45%  (S)  to  about  95  to  55%  (G)  and 
preferably  20  to  30%  (S)  to  80  to  70%  (G)  to  assure  a  maximum  area  of  fracture  with  a  minimum  amount  of 

10  well  damage,  and  a  minimum  formation  of  surrounding  impermeable  stressed  material. 
The  group  A  (if  lower  alky!)  is  preferably  the  adipate  group,  and  the  alkyl  group  R3  may  be  substituted 

with  up  to  2  free  hydroxyl  groups. 
Preferably  in  the  modifying  ester  (b),  each  of  R  and  R1  is  a  lower  alkyl  group  of  up  to  8  carbon  atoms, 

more  preferably  having  4  —  8  carbon  atoms,  and  most  preferably  both  are  butyl  groups,  R2  is  a  methyl 
15  group,  R3  is  the  three-carbon  group  remaining  from  the  full  esterification  of  glycerol,  and  A  (if  aromatic) 

and  A'  are  unsubstituted  phenylene  groups. 
Thus  preferred  modifying  esters  include  dibutyl-  and  dioctylphthalate,  dioctyladipate,  tricresyl 

phosphate,  dinitrotoluene,  and  triacetin.  Good  miscibility  with  the  explosive  component  is  important,  and 
will  readily  establish,  for  the  person  skilled  in  the  technology,  which  of  the  various  ester  compositions  is  the 

20  most  desirable  for  use  with  any  particular  composition  of  the  explosive  component. 
Preferably  the  explosive  component  contains  from  about  40—60  parts  by  weight  of  metriol  trinitrate  to 

60  —  40  parts  by  weight  of  diethylene  glycol  dinitrate. 
Compositions  according  to  the  invention,  particularly  if  they  contain  a  nitrate  ester,  will  normally 

contain  a  conventional  organic  stabilizer  of  the  type  that  is  used  for  stabilizing  explosive  compositions 
25  containing  such  esters,  particularly  up  to  about  3%  of  2-nitro-diphenyl-amine  or  diethyl-diphenyl-urea. 

Other  known  stabilizers  include  diphenylamine,  carbazole,  and  certain  inorganic  materials.  (Lists  of  such 
materials  are  in  many  publications),  such  as  U.S.  Patent  No.  3,423,256).  Preferably,  up  to  3%  by  weight  of 
diethyl-diphenylurea  (also  known  as  ethyl  centralite)  is  used. 

The  low  detonation-velocity  compositions  according  to  the  invention,  when  used  in  accordance  with 
30  conventional  "well-shooting"  practices  and  equipment,  have  a  detonation  velocity  within  a  range  of  about 

1200  metres/second  to  about  2500  meters/second  and,  preferably,  within  a  range  of  about  1200—2200 
meters/second,  and  produce  the  above-described  relationship  between  shock  wave  energy  (S)  and  gas 
expansion  energy  (G). 

The  compositions  are  particularly  effective  when  used  at  depths  in  excess  of  61  metres  (200  ft.),  where 
35  overburden  movement  is  minimal  or  nonexistent.  They  can  be  successfully  used,  for  instance  in 

combination  with  tamping  material  such  as  sand  or  gravel,  which  are  capable  of  confining  the  expanding 
gases  for  a  period  up  to  about  30  or  more  seconds  before  being  expelled  from  the  well.  Preferably  a  water 
head  pressure  of  about  2.76  —  4.14  MNm~a  (400  —  600  psi)  or  higher  is  present,  and  the  operating 
temperature  range  varies  from  about  43°C  to  about  —  30°C. 

40  The  modifying  and  explosive  components  for  purposes  of  the  present  invention  are  obtainable  by 
conventional  processes,  and  are  commercially  available. 

The  ester  components  such  as  a  di-lower-alkyl  esters  of  terephthalic,  isophthalic,  homophthalic,  and 
naphthalene  1,4  dicarboxylic  acid  can  be  obtained  by  reaction  of  a  dicarboxy  acid  or  anhydride  with  lower 
alkanols  such  as  4  —  8  carbon  alkanols  to  obtain  symmetrical  or  non-symmetrical  esters,  such  as  the 

45  octyl/octyl  and  butyl/octyl  esters. 
Such  esters  are  obtainable  commercially  from  Reichhold  Chemicals,  Inc.  and  U.S.  Steel,  Chemical 

Division. 
Tricresyl  phosphate  can  be  conventionally  synthesized,  for  instance,  by  nitration  of  a  corresponding 

cresol  intermediate. 
so  Polyhydroxy  esters  such  as  triacetin  are  obtainable  commercially  through  Armek  Company  Industrial 

Chemical  Division  and  Eastman  Chemical  Company. 
Dinitrotoluene  (DNT)  suitable  for  purposes  of  the  present  invention  is  a  commercial  product  that  is 

conventionally  obtained  as  a  by-product  from  the  mixed  acid  nitration  process  described,  for  instance,  in 
"Advanced  Organic  Chemistry",  Fieser  and  Fieser  (1961),  using  toluene  as  starting  reactant. 

55  A  40  —  60/60  —  40  mixture  of  metriol  trinitrate  and  diethylene  glycol  dinitrate  (MTN/DEGDN)  is 
conventionally  obtained,  for  instance,  by  co-nitration  of  the  corresponding  trimethylolethane  and 
diethylene  glycol  with  a  mixture  of  sulfuric  and  nitric  acids,  using  excess  nitric  acid.  (The  process  is 
described  in  USP  4,352,699). 

Organic  stabilizers  suitable  for  use  in  the  present  invention,  such  as  Ethyl  Centralite,  are  commercially 
6o  available,  for  instance,  from  Van  de  Mark  Chemical  Company,  Inc. 

Additional  additive  components  known  to  the  art  such  as  sensitizers,  desensitizers,  gelling  agents  and 
thickening  agents  such  as  nitrocellulose  or  nitrocotton,  puffed  silica,  and  wood-flour,  also  may  be  included, 
as  desired,  within  compositions  of  the  present  invention  to  better  adapt  to  widely  varying  ambient  and 
geological  conditions,  and  to  favor  efficient  introduction  into  the  water,  oil,  or  gas-bearing  strata. 

65  The  following  Examples  further  illustrate  certain  preferred  embodiments  of  the  instant  invention. 
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Example  I 
Seven  and  three  tenths  (7.3)  pounds  (3.31  kg)  of  commercially  obtained  99.6%  dioctylphthalate  from 

U.S.  Steel  Company,  Industrial  Chemicals  Division  and  one-half  (0.5)  pound  (0.23  kg)  of  diethyl- 
diphenylurea  obtained  commercially  as  "Ethyl  Centralite"  obtained  commercially  from  Van  de  Mark 

5  Chemical  Company,  Inc.  are  admixed  in  a  5  gallon  (18.93  liter)  stainless  steel  reactor  maintained  at  20°C  by 
a  temperature  control  jacket.  To  this  mixture  is  slowly  added  42.2  pounds  (19.4  kg)  of  40/60  ratio 
MTN/DEGDN  (metriol  trinitrate/diethylene  glycol  dinitrate),  and  the  components  are  allowed  to  remain  at 
20°C  for  about  twenty  (20)  minutes.  The  resulting  liquid  product  is  found  to  have  excellent  flowability 
characteristics  at  +20°C  (+68°F)  and  molasses-like  characteristics  at  -30°C  (-22°F). 

jo  The  resulting  composition  is  tested  for  impact  sensitivity  using  a  standard  Picatinny  Arsenal-type  of 
explosive  impact  testing  apparatus  with  0.1  gm  of  explosive  and  2  kg  impact  weight,  and  tested  for  velocity 
of  reaction,  using  a  four  (4)  inch  (10.16  cm)  diameter  charge  under  actual  detonation  conditions.  For  the 
later  purpose,  a  detonating  cord  downline  (25  grain/ft,  1  .62  g/cm)  is  used  with  a  1  pound  (0.45  kg)  booster  of 
commercially  available  high  brisant  explosive  (7000  m/sec)  for  each  10  feet  (3.05  m)  of  test  charge  column. 

is  The  test  results  are  reported  in  Table  I  infra. 

Example  II 
Example  1  is  repeated  using  3.31  kg  of  dibutylphthalate  and  the  test  results  evaluated  as  before  and 

reported  in  Table  I. 
20 

Example  III 
Example  I  is  repeated  using  3.31  kg  of  dipentylphthalate  and  the  test  results  evaluated  as  before  and 

reported  in  Table  I. 

25  Example  IV 
Example  I  is  repeated  using  3.31  kg  of  dihexylphthalate  and  the  test  results  evaluated  as  before  and 

reported  in  Table  I. 

Example  V 
30  Example  I  is  repeated  using  3.31  kg  of  diheptylphthalate  and  the  test  results  reported  in  Table  I. 

Example  VI 
Example  I  is  repeated  using  3.31  kg  of  tricresyl  phosphate  in  place  of  dioctylphthalate  and  the  results 

evaluated  and  reported  in  Table  I. 
35 

Example  VII 
Example  I  is  repeated  using  3.31  kg  of  triacetin  in  place  of  dioctylphthalate  and  the  results  evaluated 

and  reported  in  Table  I. 

40  Example  VIII  (Control) 
Example  I  is  repeated  using  1.03  kg  of  Ethyl  Centralite  and  19.4  kg  of  MTN/DEGN  but  without  the  use  of 

an  ester  "(b)"  component,  the  results  being  evaluated  as  before  and  reported  in  Table  I. 

45 
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Example  IX 
A  gelled  version  of  the  Example  I  product  is  prepared  using  a  brass  Schrader  Bowl  (maintained  at  20°C) 

by  gently  admfxing  the  MTN/DEGDN  component  (76%  by  weight  total  composition)  with  dioctylphthalate 
(11%  by  weight)  followed  by  0.5%  by  weight  of  the  Ethyl  Centralite  stabilizer  and  4%  by  weight  of 

5  nitrocellulose  (nitrocotton).  After  thorough  mixing,  the  remaining  ingredients,  i.e.,  a  puffed  silica  sold  by 
Cabot  Chemical  underthe  name  Cab-O-Sil;  (0.5%),  woodflour  (6%)  and  starch  (2.5%)  are  mixed  in,  and  the 
mixture  permitted  to  stand  for  18  hours  at  20°C  to  gel.  The  resulting  product  is  packaged  in  4  inch  (10.16 
cm)  polyethylene  bags  and  tested  for  impact  sensitivity  (90  cm  drop/2  kg  50%  detonation  and  reaction 
velocity  in  the  manner  of  Example  I,  the  results  being  reported  in  Table  II  below. 

w 
Example  X 

Example  IX  is  repeated,  employing  0.5%  by  weight  of  microballoons  obtainable  from  Union  Carbide, 
Inc.,  as  UCAR  phenolic  microballoons  in  place  of  the  Cab-O-Sil.  The  packaged  product  is  tested  for  impact 
sensitivity  and  reaction  velocity,  a  50%  detonation  level  being  obtained  at  slightly  over  100  cm  travel 

15  length,  using  a  2  kg  striker  and  0.1  gm  charge.  Reaction  velocity  is  reported  in  Table  II  below. 

Example  XI  (control) 
Example  IX  is  repeated  without  the  dioctylphthalate  ester  component,  the  tests  being  carried  out  as before  to  obtain  an  impact  sensitivity  of  50%  detonation  level  using  a  2  kg  striker  and  a  0.1  gm  charge  at  69 

20  cm.  The  reaction  velocity  is  reported  in  Table  II. 

Example  XII  (control) 
Example  X  is  repeated  without  the  dioctylphthalate  ester  component,  the  tests  being  carried  out  as before  to  obtain  an  impact  sensitivity  of  50%  detonation  level  using  a  2  kg  striker  and  0.1  gm  charge  at  98 

25  cm.  The  reaction  velocity  is  reported  in  Table  II. 

30 
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Example  XIII 
Example  I  is  repeated  using  the  same  amount  of  dibutylphthalate,  and  Ethyl  Centralite  stabilizer  but 

replacing  the  MTN/DEGDN  component  with  an  equivalent  amount  of  metriol  trinitrate  (MTN)  alone.  The 
resulting  liquid  product  is  then  tested  as  before  to  determine  velocity,  total  energy,  and  the  ratio  of  shock 

5  (S)  to  bubble  (G)  energy  obtained.  The  test  results  are  reported  in  Table  III  infra. 

Example  XIV 
Example  I  is  repeated  using  the  same  amounts  of  dibutylphthalate  and  stabilizer  but  replacing 

MTN/DEGDN  with  an  equivalent  amount  of  DEGDN  alone.  The  resulting  liquid  product  is  then  tested  as 
w  before  to  determine  reaction  velocity,  total  energy  and  the  ratio  of  (S)  to  (G).  Tests  are  reported  in  Table  III. 

Example  XV 
Example  I  is  repeated,  but  using  5.4  kg  of  dibutylphthalate  and  0.23  kg  of  stabilizer  and  replacing 

MTDN/DEGDN  with  17  kg  of  nitroglycerin  (NG).  The  resulting  liquid  product  is  then  tested  as  before  to 
75  determine  reaction  velocity,  total  energy  and  the  ratio  of  (S)  to  (G).  Tests  are  reported  in  Table  III. 

Example  XVI 
Twenty-two  (22)  pound  (10  kg)  of  2,4  dinitrotoluene  obtained  commercially  as  "Dinitrotoluene  Blend 

M"  from  Air  Products  and  Chemicals,  Inc.,  of  Allentown,  Pennsylvania  (and  consisting  of  a  mixture  of  the 
20  2,4-  and  2,6-isomers),  and  about  one-half  (.5)  pound  (0.23  kg)  of  Ethyl  Centralite  stabilizer  are  admixed  in  a 

five  (5)  gallon  (18.93  liter)  stainless  steel  reactor  maintained  at  20°C  by  a  temperature  control  jacket.  To  this 
mixture  is  slowly  added  27.5  pounds  (19.4  kg)  of  pre-cooled  nitroglycerin  and  the  mixture  allowed  to 
remain  at  20°C  for  about  twenty  (20)  minutes.  The  resulting  liquid  product  is  then  tested  as  before  to 
determine  reaction  velocity,  total  energy  and  the  ratio  of  (S)  to  (G)  energy  obtained.  The  test  results  are 

25  reported  in  Table  III. 

Example  XVII 
Example  XVI  is  repeated  except  that  85%  of  a  40/60  ratio  of  MTN/DEDGN  mixture  is  used  in  place  of  the 

nitroglycerin  (NG)  component.  The  test  results  obtained  are  reported  in  Table  III. 
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Claims 

1.  The  use  in  formation  fracturing,  fissurization  or  the  like  of  an  explosive  composition  containing  as 
the  explosive  component  (a)  at  least  one  member  of  the  group  consisting  of  metriol  trinitrate,  diethylene 

5  glycol  dinitrate,  and  nitroglycerin,  characterized  in  that  the  explosive  component  is  combined  with  (b)  a 
detonation-modifying  ester  having  the  formula 

ROOC-fA-)-COOR1, 

10  [R2-fA'-KH-3P=O, 

R2-(-A'-HNO2]2,  or 

R3-(O—  Ac)m 
15 

in  which  each  of  R  and  R1  is  a  lower  alkyl  group  having  up  to  8  carbon  atoms;  A  is  a  lower  alkyl  group 
having  up  to  8  carbon  atoms  or  is  a  substituted  or  unsubstituted  phenylene  or  naphthalene  group;  A'  is  a 
substituted  or  unsubstituted  phenylene  group;  R2  is  a  methyl  or  ethyl  group;  R3  is  an  alkyl  group  having 
3  —  8  carbon  atoms;  Ac  is  an  acetyl  group;  and  m  is  1,  2,  or  3;  the  ratio  by  weight  of  the  modifying  ester  (b) 

20  to  the  explosive  component  (a)  being  in  the  inclusive  range  between  9  and  20%  of  (b)  to  between  91  and 
80%  of  (a). 

2.  The  use  of  an  explosive  composition  as  claimed  in  Claim  1  further  characterized  in  that  the  explosive 
component  (a)  is  a  mixture  of  metriol  trinitrate  and  diethylene  glycol  dinitrate. 

3.  The  use  of  an  explosive  composition  as  claimed  in  Claim  2,  further  characterized  in  that  the  mixture 
25  of  metriol  trinitrate  and  diethylene  glycol  dinitrate  contains  from  40—60  parts  of  one  to  60  —  40  parts  of  the 

other  by  weight. 
4.  The  use  of  an  explosive  composition  as  claimed  in  Claim  1,  2,  or  3,  further  characterized  in  that  A  is 

-<CH2)4-. 
5.  The  use  of  an  explosive  composition  as  claimed  in  Claim  1  ,  2  or  3,  further  characterized  in  that  A  is  an 

30  unsubstituted  phenylene  group. 
6.  The  use  of  an  explosive  composition  as  claimed  in  any  of  the  preceding  claims  further  characterized 

in  that  each  of  R  and  R1  is  an  alkyl  group  having  4  to  8  carbon  atoms. 
7.  The  use  of  an  explosive  composition  as  claimed  in  Claim  6,  further  characterized  in  that  each  of  R 

and  R1  is  a  butyl  group  or  an  octyl  group. 
35  8.  The  use  of  an  explosive  composition  as  claimed  in  Claim  1  or  2,  or  3,  further  characterized  in  that  A' 

is  an  unsubstituted  phenylene  group. 
9.  The  use  of  an  explosive  composition  as  claimed  in  Claim  1,  2,  or  3,  further  characterized  in  that  R3  is 

the  residue  of  a  three-carbon  polyhydroxy  alcohol  after  esterification. 
1  0.  The  use  of  an  explosive  composition  as  claimed  in  any  of  the  preceding  claims  further  characterized 

40  in  that  it  contains  an  organic  stabilizer. 
11.  The  use  of  an  explosive  composition  as  claimed  in  Claim  10  further  characterized  inthattha  organic 

stabilizer  is  diphenylamine  or  diethyl-diphenylurea. 
12.  The  use  of  an  explosive  composition  as  claimed  in  any  of  the  preceding  claims  further  characterized 

in  that  it  contains  nitrocotton  or  puffed  silica. 
45 

Patentanspruche 

1.  Verwendung  bei  der  Bildung  von  Briichen,  Spalten  oder  dergleichen  einer  explosiven 
50  Zusammensetzung,  enthaltend  als  explosive  Komponente  (a)  mindestens  ein  Mitglied  der  Gruppe 

bestehend  aus  Metrioltrinitrat,  Diethylenglykoldinitrat  und  Nitroglyzerin,  dadurch  gekennzeichnet,  daS  die 
explosive  Komponente  kombiniert  wird  mit  (b)  einem  detonationsmodifizierenden  Ester  mit  der  Formel 

ROOC-fA-4-COOR1 
55 

[R2-f-A'-KH-3  P=O, 

R2-(-A'-HNO2]2,  oder 

eo  R3-(O-Ac)m 

worin  jeweils  R  und  R1  eine  Niederalkylgruppe  mit  bis  zu  8  Kohlenstoffatomen  ist,  A  eine 
Niederalkylgruppe  mit  bis  zu  8  Kohlenstoffatomen  oder  eine  substituierte  oder  unsubstituierte  Phenylen- 
oder  Naphtalingruppe  ist,  A'  eine  substituierte  oder  unsubstituierte  Phenylengruppe  ist,  R2  eine  Methyi- 

65  oder  Ethylgruppe  ist,  R3  eine  Alkylgruppe  mit  3—8  Kohlenstoffatomen  ist,  Ac  eine  Acetylgruppe  ist,  und  m 

10 
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1,2oder3ist,  wobei  das  Gewichtsverhaltnis  des  modifizierenden  Esters  (b)  zu  derexplosiven  Komponente 
(a)  in  dem  inklusiven  Bereich  zwischen  9  und  20%  von  (b)  zu  zwischen  91  und  80%  von  (a)  ist. 

2.  Verwendung  einer  explosiven  Zusammensetzung  nach  Anspruch  1,  weiterhin  dadurch 
gekennzeichnet,  daft  die  explosive  Komponente  (a)  eine  Mischung  von  Metrioltrinitrat  und 

5  Diethylenglykoldinitrat  ist. 
3.  Verwendung  einer  explosiven  Zusammensetzung  nach  Anspruch  2,  weiterhin  dadurch 

gekennzeichnet,  daft  die  Mischung  des  Metrioltrinitrats  und  Diethylenglykoldinitrats  von  40—60  Teilen  des 
einen  zu  60  —  40  Teilen  des  anderen  bezogen  auf  Gewicht  enthalt. 

4.  Verwendung  einer  explosiven  Zusammensetzung  nach  Anspruch  1,  2  oder  3  weiterhin  dadurch 
10  gekennzeichnet,  daft  A  —  (CH2)4  —  ist. 

5.  Verwendung  einer  explosiven  Zusammensetzung  nach  Anspruch  1,  2  oder  3  weiterhin  dadurch 
gekennzeichnet,  daft  A  eine  unsubstituierte  Phenylengruppe  ist. 

6.  Verwendung  einer  explosiven  Zusammensetzung  nach  einem  der  vorhergehenden  Anspruche, 
weiterhin  dadurch  gekennzeichnet,  daft  jeweils  R  und  R1  eine  Alkylgruppe  mit  4  bis  8  Kohlenstoffatomen 

15  ist. 
7.  Verwendung  einer  explosiven  Zusammensetzung  nach  Anspruch  6,  weiterhin  dadurch 

gekennzeichnet,  daft  jeweils  R  und  R1  eine  Butylgruppe  oder  eine  Octylgruppe  ist. 
8.  Verwendung  einer  explosiven  Zusammensetzung  nach  Anspruch  1  oder  2  oder  3,  weiterhin  dadurch 

gekennzeichnet,  daft  A'  eine  unsubstituierte  Phenylengruppe  ist. 
20  9-  Verwendung  einer  explosiven  Zusammensetzung  nach  Anspruch  1,  2  oder  3,  weiterhin  dadurch 

gekennzeichnet,  daft  R3  der  Rest  eines  Drei-Kohlenstoff-Polyhydroxyalkohols  nach  Veresterung  ist. 
10.  Verwendung  einer  explosiven  Zusammensetzung  nach  einem  der  vorhergehenden  Anspruche, 

weiterhin  dadurch  gekennzeichnet,  daft  sie  einen  organischen  Stabilisator  enthalt. 
11.  Verwendung  einer  explosiven  Zusammensetzung  nach  Anspruch  10,  weiterhin  dadurch 

25  gekennzeichnet,  daft  der  organische  Stabilisator  Diphenylamin  oder  Diethyl-Diphenylharnstoff  ist. 
12.  Verwendung  einer  explosiven  Zusammensetzung  nach  einem  der  vorhergehenden  Anspruche, 

weiterhin  dadurch  gekennzeichnet,  daft  sie  Nitrobaumwolle  oder  aufgeblahte  Silika  enthalt. 

Revendications 30 

1.  Utilisation,  dans  la  fracturation,  la  fissuration,  etc.  de  formations  geologiques,  d'une  composition 
explosive  contenant,  en  tant  que  composant  explosif,  (a)  au  moins  un  membre  du  groupe  constitue  par  le 
trinitrate  de  metriol,  le  dinitrate  de  diethyleneglycol  et  la  nitroglycerine,  caracterise  en  ce  que  le  composant 

35  explosif  est  combine  avec  (b)  un  ester  modificateur  de  detonation,  repondant  a  la  formule 

ROOC-fA-)-COOR1, 

[R2-(-A'-)-O-hP=O, 
40 

R2-fA'-)-[NO2]2  ou 

R3_(0—  AC)m 

45  dans  laquelle  chacun  des  symboles  R  et  R'  represente  un  groupement  alkyle  inferieur  contenant  jusqu'a  8 
atomes  de  carbone;  A  est  un  groupement  alkyle  inferieur  contenant  jusqu'a  8  atomes  de  carbone  ou  un 
groupement  phenylene  ou  naphtalene  substitue  ou  non  substitue;  A'  est  un  groupement  phenylene 
substitue  ou  non  substitue;  R2  est  un  groupement  methyle  ou  ethyle;  R3  est  un  groupement  alkyle  a  3  —  8 
atomes  de  carbone;  Ac  est  un  groupement  acetyle;  et  m  est  mis  pour  1,  2  ou  3;  le  rapport  en  poids  de 

50  Tester  modificateur  (b)  au  composant  explosif  (a)  se  situant  dans  la  gamme  de  9  a  20%  de  (b)  pour  91  a 
80%  de  (a). 

2.  Utilisation  d'une  composition  explosive  selon  la  revendication  1,  caracterisee  en  outre  en  ce  que  le 
composant  explosif  (a)  est  un  melange  de  trinitrate  de  metriol  et  de  dinitrate  de  diethyleneglycol. 

3.  Utilisation  d'une  composition  explosive  selon  la  revendication  2,  caracterisee  en  outre  en  ce  que  le 

55  melange  de  trinitrate  de  metriol  et  de  dinitrate  de  diethyleneglycol  contient  de  40  a  60  parties  en  poids  de 
I'un  pour  60  a  40  parties  en  poids  de  I'autre. 

4.  Utilisation  d'une  composition  explosive  selon  I'une  quelconque  des  revendications  1  a  3, 
caracterisee  en  outre  en  ce  que  A  est  mis  pour  —  (CH2)4  —  . 

5.  Utilisation  d'une  composition  explosive  selon  I'une  quelconque  des  revendications  1  a  3, 
60  caracterisee  en  outre  en  ce  que  A  est  mis  pour  un  groupement  phenylene  non  substitue. 

6.  Utilisation  d'une  composition  explosive  selon  Tune  quelconque  des  revendications  1  a  6, 
caracterisee  en'outre  en  ce  que  R  et  R'  sont  mis  chacun  pour  un  groupement  alkyle  a  4  —  8  atomes  de 
carbone. 

7.  Utilisation  d'une  composition  explosive  selon  la  revendication  6,  caracterisee  en  outre  en  ce  que  R  et 
65  R'  sont  mis  chacun  pour  un  groupement  butyle  ou  un  groupement  octyle. 

11 
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8.  Utilisation  d'une  composition  explosive  selon  I'une  quelconque  des  revendications  1  a  3, 
caracterisee  en  outre  en  ce  que  A'  est  mis  pour  un  groupement  phenylene  non  substitue. 

9.  Utilisation  d'une  composition  explosive  selon  I'une  quelconque  des  revendications  1  a  3, 
caracterisee  en  outre  en  ce  que  R3  est  le  residu  d'un  alcool  polyhydroxyle  a  trois  atomes  de  carbone  apres 

5  esterification. 
10.  Utilisation  d'une  composition  explosive  selon  I'une  quelconque  des  revendications  1  a  9, 

caracterisee  en  outre  en  ce  que  qu'elle  contient  un  stabilisant  organique. 
11.  Utilisation  d'une  composition  explosive  selon  la  revendication  10,  caracterisee  en  outre  en  ce  que  le 

stabilisant  organique  est  la  diphenylamine  ou  la  diethyldiphenyluree. 
10  12.  Utilisation  d'une  composition  explosive  selon  I'une  quelconque  des  revendications  1  a  11, 

caracterisee  en  outre  en  ce  qu'elle  contient  du  coton-poudre  ou  de  la  silice  gonflee. 
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