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55 detonating the fuel-oxidant mixture to impinge the coating material onto an article to be coated. The
detonation gun could comprise a mixing chamber and a barrel portion so that the detonatable fuel-oxidant
mixture could be introduced into the mixing and ignition chamber while a comminuted coating material is
* introduced into the barrel. The ignition of the fusl-oxidant mixture would then produce detonation waves
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([err]) R ak%gﬁlﬁﬁ oxygen-nitrogen mixture is employed to achieve a value of RT% equal to .the same
value. It is belleved that higher pressures increase particle velocity, which results in lmproved coating
properties.

50 For most applications the gaseous fuel-oxidant mixture of this invention could have an atomic ratio of
oxygen to carbon of from about 0.9 to about 2.0, preferably from about 0.96 to about 1.6 and most
preferably from about 0.98 to 1.4. An atomic ratio of oxygen fo carbon below 0.9 would generally be
unsuitable because of the formation of free carbon and soot while a ratio above 2.0 would generally be
unsuitable for carbide and metallic coatings because the flame becomes excessively oxidizing.

65 In a preferred embodiment of the invention the gaseous fuel-oxidant mixture would comprise from 35 to
80 percent by volume oxygen, from 2 to 50 percent by volume acetylene and 2 to 60 percent by volume of
a second combustible gaseous fuel. In a more preferable embodiment of the invention the gaseous fuel-
oxidant mixture would comprise from 45 to 70 percent by volume oxygen, from 7 to 45 percent by volume
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50
- EXAMPLE 1

The gaseous fuel-oxidant mixtures of the compositions shown in Table 2 were each introduced to a

55 detonation gun to form a detonatable mixture having an oxygen to carbon atomic ratio as shown in Table 2.
Sample coating powder A was also fed into the detonation gun. The flow rate of each gaseous fuel-oxidant
mixture was 0.38 m3min (13.5 cubic feet per minute-cfm) except for the samples 28, 29 and 30 which were
0.31 m®min (11.0 cfm), and the feed rate of each coating powder was 53.3 grams per minute (gpm) except
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4 - EP 0 313 176 Bl for sanple 29 which was 46.7 gpm and sanpl e 30 which
was 40.0 gpm The gaseous fuel-m xture in volune percent and the atomc
rati o of oxygen to carbon for easpocangiyﬁmexanpl e are shown in Table 2.
The coating sanpl e powder was fed into the detonation gun at the sane tine
as the gaseous fuel-oxidant m xture. The detonation gun was fired at a rate

of about 8 times ‘per second and the c i pg powder in the 5 detonation gun
was 4 npi nged onto a steel substrate t m a dense, adherent coating of
shaped mi croscopi c | eavesp gt Bblpiek el dpitiae W th each other. The

percént by wei ght of the cobalt agg ek L € coat ed | ayer were

determ ned along with the hardness tor the coating. The hardness of nost of
the coating exanples in Table 2 were neasured as the Rockwel | superfici al
har dness and converted into Vickers hardness. ThegyRockwel |l superficial
hardness i o nethod, enpl oyed is per ®A%Tf st 444244 et hod E-18. The hardness
is neasured on a s shhemig Ratigy o} tts . sited on
a har Wene s{ eel subst r'¥t'e” The Rockewel I haxgjaéss nunbers wE¥&convert ed
into Vi ck%‘?"i.'hardh n%erso y the follow ng forgﬂha' HV. 3 = - 1774 +
37.433 HKR .Wher e —3 t /i ckers hadness obt eﬁ'cwit . 3%rgf | oad
and HRA5N i§ the Ro welll ., s rficial,hardn obtaj nede on . the scal e

W th di amind pene?f’gtors'%ngg% 45 kgfoload. ﬁ?ﬁe hf’f?ijngéss 0 %t he 15
coatings of 2line 282989 Wl 30-4nas neabured B ectl?0 as-Vi cR®r s #ardness.

The Vickersjhardnessg get faogfl geRl oyed i g neasyged emsentd sl | yggper 20ASTM
standard nethod E-384, wi_.th the exception that only one diagonal of the

square indeftation 48 ndabufed rat hdréthan W8&surl4d drd av¥ agthg the

| engtless of both di agmaal 3.3 Askmad of 1033 kgf imsms umesl (Gkd/. 3)92 These data
are shown ip Table The yal .yes shows, t hat hardness. was_supgyior for
coati ngs obFai_ned uggl'ﬁg ?)onpy??'gne inVYE) ace o_#’gﬁi tr{(’)zgé(;ns'i’% t he gagl{aous fuel -
20 m xture?! Erosiofb.ps @.F osfadof wedrd by whizgh natteti #.5i s ¥enoVed from a

surface by ghe acti ggg0f5igTisngi Ng PaLds Cl eSizdhe pay tigd es @re gener ally
solid®and carried in either a gaseous or a fluid stream although he

particles nly also Be8f 1Y &8rried i'n'a gask8ls st¥a®! Thet?e al®e a nunber

of factorsiwhich iingd,.slemze t e, swear hyz er osi pgp Parztg cligs Si zm angh mass, and
their 25 velocity are, obyiou i nportant because fhey determ ne_the

Ki netic engigy of tlaseﬁi n%rsngi%k'é parti'c es. Th'gytypg"’of 'p%nrti?l es? their

har dn&ss, dhqgul ari tg.andsshape.8 and tihei r coneent ruatd on.2ray #l so2affect the
rate of erqgion. Fugd pergoyeg,t,he angl g of particlg i mipgengnt yll also
affect the rate of erosion. Eor test purposes, alumna and silica powders
are widely'tised. Th&-fest-Tor 88ddure Jitrilar 1'89t heOkt Holl de¥cri®ed in
ASTMGg/6- 83s are usegs. 50 ARASYiIQ the qrpsi on FGg Weaqp.§ atgeg of §4he ggati ngs

pr esent ed igl t he exanpl es.. Essenti aIIylj about_ 1.2 ]gm per mnute of alum na
abrasive i<®carried®h #gas*tream '’ a nozZt whi*ch i3s® nolift ed®on a pi vot
so that it 1zan be se&té6fam.wasraus panticle i ngenent 2angl e whid e a
constant standoff i intai . It i,s, standard praciige.to f.est,the

coati mys ai‘éboth 90&'5‘;0{’[8; Efgl npi ng‘ézmant aﬂé es.&D{Jriqhsg_ thge‘ tezs't, t he
inpinging particles create a crater on the test sanple. The neasured scar
depth of 35 the crater is divided by the anmount of abrasive which inpinged
on the sanple. The results, in mcroneters (mcrons) of wear per gram of
abrasive, is taken as the erosion wear rate (u/gm. These data are al so
shown*In Table 2. The hardness and erosion wear data show that using an
acet yl ene- hydrocarbon gas-oxygen m xture in
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pl ace. of a nitrogen diluted acetyl ene-oxygen ni xture can produce a coating
havi ng a hi gher hardness at the 40 sarre cobalt content (conpare sanple
coating 9 with sanple coatings 22 g @%1 hi gher cobalt content at the
sane hardness (conpare sanple coatl ng 1 w th sanple coating 22). 45 50 55 5
EP 0 313 176 B1 TABLE 2 [err] [err] [err] [err] [err] [err] 1

37.0 3.7 59.3 1.0 IMLE_Z (CJnlﬁ:ch) 19.1 3.5 116 22
15 = . 2 . ' 29.8 12. 8 1.0 - 1185
17.G,s 3.1 103 1 PARAMETERS 2flp SRopentfl 1,1
1185 15.6 2.3 _ . .7.5 62. 7
1.2 5 ' 1160 14. 3 1.8 94 21 5 29.8 5.3
64.9 ' 1145 13. 3 1.6 92 22 6
29.8 . 3.2 67 0 ]C13 21.8 1.3 22
0 to Hardness
7 ~ 25.6 . 1225
94 19 8 lﬁ"?&}‘;@%&%“% Mobtcdabia’ Vickers., Chegfitel —W—
14.1 "2 85pm1e 20"'%5% 25. Gke/mi3. 3 59. 1
1225 2 1C.H 2 19 10 ) 25. 9 . .
1.2 %o 2‘§§‘ 8 o1 11 e KX 5“'10.6
63.8 1w 1.3 g 17.&18{3.3 1La4  lafhs 35 0.9 20730 0 12
25.6 8.6 o 65. 8 1.4 1160 11 1.2 79 23
13 Wo5. 6 87 145763 1.6 7 510 7311%8 % 1866 1.0
81 24 142 . 1935. 6.0 B.¥ 6817 1095 1708 0.6 1221129
10. 7 1.0 84 25 35 15 25.6 3.4 71.0
1.7 1110 10. 3 0.9 94 26 16 18. 6 26.7
54. Tt 20 1.0 N ]|22 14. 2 3.6 104 23 17
18. 6 24. 1 57.3 2 -]22— 1240 12.C8 22.2 90° 7 24
40 18 - _ 18. 6 21.6 59.6 1.2 _ 1180
10.1 1.6 22 81 4521 #R8S5Gsd 6  o.98 1140 . 13.6 3.6 94 20
25 23 85  21.5 27.5 1.0 1030 13.6 3.5 90 18
26 45 25.0  30.0 1.2 009 . M.4 2% 71 16
25 Coes 2.9 320 1.4 991 1.2 1.6 81 22
. 26 5  21.2 33.8 1.6 883 10.9 1.2 94 23
' 27 a5 19.6 35.4 1.8 930 0.6 1.1 10 25
8 &  30.3 29.7 0.98 1080 13.2 3.5 106 20
29 © 30 35.3  34.7 0.98 1s0*  10.7 3.6 109 18
¥ 3 10 42.8 42.2 0.98 1300~ 3.7 19 20
\v )
40
Note (1) measured as Rockwell superficial hardness and converted to Vickers
hardness unless otherwise indicated by an asterisk (*).
45

EXAMPLE 2

The gaseous fusl-oxidant mixture of the compositions shown in Table 3 were each introduced into a

50 detonation gun at a flow rate of 0.38 m®min (13.5 cubic fest per minute) to form a detonatable mixture
having an atomic ratio of oxygen to carbon as also shown in Table 3. The coating powder was Sample A

and the fuel-oxidant mixture and powder feed rate are¢ as also shown in Table 3. As in Example 1, the
Vickers hardness and erosion rate (/gm) data were determined and these data are shown in Table 3. As
evidenced from the data, various hydrocarbon gases can be used in conjunction with acetylene to provide a

55 gaseous fuel-oxidant mixture in accordance with this invention ot coat substrates. The Vickers hardness
data show that using an acetylene-hydrocarbon gas-oxygen mixture in place of an acetylene-oxygen-
nitrogen mixture can produce either a coating having a higher hardness at the same cobalt content
{compare sample coatings 5 and 10 with sample coating 23 in Table 2) or a coating having a higher cobalt

7



EP 0 313 176 B1 TABLE 2 (Continued) D GUN PARAMETERS AND PROPERTI ES OF

COATI NGS VADE FROM POAER A 0 to C Har dness [err] 10

(Vol % (u/gm Sanple [err]
19 ' . 18.6 .17.6 63.8 é& 6%%7&181 1195 8.0 0.9

74 20 15 20 18.6 14. 1 67.3 1.6 1110
7.8 0.cbntent for th®Same hatfbesdYcompare sample cohfing 6, 8 shll.11 with Hthpl coating 22 in TabI82).

1095 -, 7.9 0.6 122 28 20 [err] 22 - 45 27.8 27. 2
0. 9&/ 1140 13.6 3:6 I&i’u 20 25 23 45

27.5 27.5 1.0 1030 ™ 13.6 3.5 90 18 24

45 ¢ 25.0 30.0 =it PARAMETERS AND PROAERIES oF coaTfhds 4 2 2.1 I 16 25
45 22.9 32.1 1.4  MADE FROM POROER A 11,2 1.6 81 22 26
45 21.2 33.8 1.6 883 10.9 1.2 94 23 27
45" - 19.6 35.4 1.8 930 10. 6 1.1 110 25 28
40 30. 3 29.7 0. 98 1080* 13.2 3.5 106 20 29
30 " 35.3 34.7 0.980, to¢  #bkd0* wargndd. 7 3.6- 109 18 30
10 42.8 42 Gieous Fusl-Mixtufy OBodic Ratio FRAOMAte Yickers ChemistRy 7. 20 40

Not e (l)srre?sur ed asPloBkwel | superfici afsear @Qees and convefW®l to Vickers
hardnessF%_ﬂ ess otderep,se o.ndi cated by an asterisk (*). _ 2 The
gaseoys L oxi dat Egf"'llxt‘tl'rzé' of the conpositions sh%ﬂﬁ% i%irgéﬁdgpﬁ/\ere each
i ntroducediinto a0 «let @)@t i ongun at a3fl owigrate f 0338 nBd mze (13.5
cubic feet, per mgufel, jo,forma,detonataghle m',ﬁt,ur & havijng ag, atgmic ratio
of oxygen to carbon as also shown in Table 3. The coati ngszpowder was Sanpl e
A and the Yuel - oxPdant®hi ftre add powder™feed Pt el e al'% Hown in
Tablde63. As in Exanple 1, the Vickers hardness and erosion rate (u/gm data
were determ ned ampd tchese glata are shown in Table 3. As eyidenced fromthe
data, various hydgg'ca'%o es can be used in conj et i ofrwi-th a’&etyl ene
to providesa 55 gasequs tuel - oxiygant mggture ipygaccy dange Wgd h Fhi s

i nvention sﬁt coat,,subgtrates. The Vickerg hardngss data show that, using an
acet Y¥ene-hydrocarbon” gas-oxygen i xturein place of "an acetyl ene-oxygen-

nitrogen M xture ¥én PFrdddtt eitAdr a co®Bting H¥i ndf-h hidgher'®harfness at
the same cbbalt cirt emts (soapar e 1ganpl e ®oati ngw25 amd 16.0M t1k8 sapl e
coating 23 in Tabfe 2) or a coating having a higher cobalt 7

30 CH.  CH 0
S8 22 2. %C 2L 900 _30°
~ 8 7.1 19.6 45.0 1.0 53 120 16.2 3.5 97 2

a5 * Sample Coating 8 also contained 18.3 volume percent nitrogen.
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EP 0 313 176 Bl content for the same hardness (conpare sanple coatings 6, 8
and 11 with sanple coating 22 in Table 2). D GUN PARAMETERS AND PROPERTI ES -

OF COATINGS MADE FROM PONER A 10 [e9d 413t 261" ] ~Powder Har dness
[err] (Vol. % . (gpm [err]
(u/gm.15 1 12.9 40.3 46.8 . 1.0 53
1272 . 9.3 . 3.6 93 20 2 21.2 34.1 44.7

1.07 53 1231 m!’i-:’es‘“"“"“""3.-4 96 21 3
27.8/ 29.2  43.0 , 1180  15.1

3.2 102 21 4 1.0 : 53
1270 5 9.6 3.7 ) 29.2 20. 8

50.0 . 1.0 53 1186 13.6 3.7 97

21 6 39.2 10. 8 50.0 1.0 53

1160 16.5 3.8 - 103 80¢o/c Powder Hardass’ 10. 8 50.0

1.0 E A0 Gaseous Fuelid1 Q2 AtoRid RatB  Faed Rat®.Vickers. IBéhistry 20 fkian [ err]
Lerr] % 2 (Vo] %) 1 19.6 45.0 G “kgrm?rk- O (Wem3

1120 noidd cH Sc.H 21 35 * Sanpl e Cpating 8 also,.

cont ai nefa¥gs 3 vo-k-%tﬂ‘e-zp%rc-eﬁt- nitrogen. 40 45 50 55 g 0 3%3 198 B1

TABLE 3 (Cpnti nued). ﬁD,,q;gN BARAVETERS AND ﬁERﬂzﬁ,s ogscmp,NGs,g\/A[g FROM

PONER 4 5 |err] to err] Powder Ss {:!err & 9 .
(Vol % 23 M6 8B (4o [ 7% ‘ée?rrpl & (Brr] 9
7.0 41.2n51.8 1.8 299 54.2 1 53 53 12404 §.65 3.73 306 1202 21
15 10 2 13¢.8 284 6s4.53.1 1 40 1161 513.9 3.6 1h66 1913.3
3.8 99 21 11 - 16.8 29.0 54.2 53
1140= 2016. 6 3.7 106 20 12 16.8 29. 0 54.2 1
40 1161 16.9 3.6 102 19 20 13 - 5.7 41.5 52.9
1 : 53 c¢H ﬂGS 0 9.5 3.8 106 19 : 2C 90° 3

5 5.7 4.5 52.9 1 53 1263 9.5 3.8 106 19

EXAMPLE 3 °
30 The gasedus fuel-oxidant mixture of the compositions shown in Table 4 were each introduced into a

detonation gun to form a detonatable mixture having an atomic ratio of oxygen to carbon as also shown in
Table 4. The coating powder was sample B and the fusl-oxidant mixture is as also shown in Table 4. The
gas flow rate was 0.38 m®min (13.5 cubic fest per minute-cfm) with the feed rate being as shown in Table
4. As in Example 1, the hardness and erosion rate (L/gm) were determined and these data are shown in
35 Table 4. While sintered powders do not show a great change in cobalt content with gun temperature, higher
hardness coatings with equivalent cobalt contents can be obtained with acetylene-hydrocarbon gas-oxygen
mixtures than with acetylene-oxygen-nitrogen mixtures (compare sample coating 4 with sample coating 1).
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25 EXAMPLE 3 30 The gaseous fuel -oxidant m xture of the conpositions
shown in Table 4 were each.introduced into a detonation gun to forma
detonatabl e m xture having an at @plfafsdfze®iCf Oxygen to carbon as al so
shown in Table 4. The coating powder was sanple B and the fuel - oxi dant

m xture is as also shown in Table 4. The gas flowrate was 0.38 [err]/mn
(13.5 cubic feet per mnute-cfm with the feed rate being as shown in Table
4. AS in Exanpl-e 1, the hardness and d&ton rate (u/gm were determ ned
and {pese data are shown i Enit problir Ie€ o8 bddfiEds€d powders do not show
a great change in cobalt content Wywipfl rédid Bbéd , - hi gher hardness
coatidgs with equival ent cobalt contents can be obtained with

acet yl ene- hydrocarbon gas-oxygen m xtures than with

acet yl ene-oxygen-ni trogen m xt Urzstcv(ccorrpawer sampinescoating 4 with sanple
coating 1). 40 488e B@l-Yixture & | Fe@d Buke [MiQhehy PONMMMETFRS.EfdiDo.

PROPERTI.ES OF COATI N¢8 MADE FROM PONER B {9P8k 1] (hmi%er r ] PoViésm

Har dn&s g™ eousgf%elc- xteye Atonic Ratio Feed, Rat Vickers,

Chem stry Er o3T n'f"glol"%“' f‘?@rf‘f‘ ['&ﬁ?]‘@ﬂ Sanpl e
[5€r2r]2 o 45&‘5 27?8573'8"272; a0 '60938 “ B 5.2 9330 1%2'19
5.1 , 76° 9.5‘[r’errf7‘33 2.£ 98 6 3% 3 8 1 BT S (g7Hg 95 47
1070 13.3 5.1 82 . 12 4 18.6 27.3 54.1 0.98

25 1160 ¢#2.9%u5.2. 72 115 25.6 18.6 55.8

0.98 25  ARjpft M3 5 52 68 9 6 &fa 2L Do g

57.4 1.0 5 .7 7 8 7
37 %l soge TF gy WR AT dep pl e S gl
EXAVPLE 4%30 The B&setud fifel - oxi dit mi #ture d189t he'eebnpdsi t "dns'shown i n:
Table 5 were eaclsiént rBoelucssds i nt o epedet ommt | onwpan t . osm a det orwat abl e
m xture hgving anggdtofige rgtio of ,gxygeny,do carggn ag al g3 shgyn ign Table
5. The coating powder was sanple C and the fuel -oxidant mxture is as al so
shown® n Table 5% The 3fas ¥dw rat'd was & 38 [efF]/nlf (32 5 &ubi S feet per
mnute-cfnm) with the feed rate being as shown in Table 35 5. As in Exanple
1, the Vickers hardness and erosion rate (u/gm) were determ ned and these
data ar eE)ah% 4in:Table 5. The Vickers hardness data show that using an
acet yll,oene- ydrocarbon gas-oxygen m xture in place of an _ _
acet yl'ene- oy gt ilol-QAER. M Y o CBMpNBRUHEwRinCaBIb '5Vbrd) 8th MirofucBh ML
har dnes SgefhatioR Gurs @ TEmCO Bddnktaid RS havin B BtbrRic IABTRE Sky§ehat kitBon‘as\Mish Bhawalid| €
coati ng Table 5. The coating powder was sample C and the fuel-oxidant mixture is as also shown in Table 5. The
gas flow rate was 0.38 m®min (13.5 cubic feet psr minute-cfm) with the feed rate being as shown in Table
35 6. As in Example 1, the Vickers hardness and erosion rate (1/gm) were determined and these data are
' “shown in Table 5. The Vickers hardness data show that using an acetylene-hydrocarbon gas-oxygen
mixture in place of an acetylene-oxygen-nitrogen mixture can produce a coating having a higher hardness
, " at the same cobait content (compare sample coating 2 with sample coating 1).
40
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40 45 50 55 10 EP 0 313 176 Bl TABLE 5 D GUN PARAVETERS AND PROPERTI ES

OF COATI-NG MADE FROM POVDER C [err] to [err] Powder Hardness (Gaseous
Fuel -M xture Atonic Ratio Feed Repgp a4 f6&s Chemistry FErosion 10 Sanple
(Vol 9% . : (gp (kg/lerr]) 45 27.5 27.5

1.0 . 36.7 980 13.4 4.1 79 15 15 [err] 2
18.6. 26.8 54.7 - 1.0 : 36.7 1168 . 13.2 4.1 87 15
3 - 29.8 12.8 57.5 1. GABLES 36.7 1149 15.0 4.0
76 ~,~13 20 4 29. 12 8 57. 5 ' 1.0 53.3 1194
14. 7 4.0 74 12 5 L LA AL T AL, i 1.1 36.7
1129 5 14.0 2.9 74 14 25 EXANF gaseous f uel - oxi dant

m xture of the .conmpositions shown in Table 6 were each introduced into a
detonation gun to forma detonata;blgecm Xtrbkaéd haradegk an atomic ratio of
oxygen to carbon AaERMie fied fRDE YOBEL (TN OIE]S I
and the fyighe oxidant f¥ek¥ure is as al so shwewn ip l8ble 6. Theugom gas f
rate wis @a3i [errjz__(lfﬂ;;') clbic feet per ninute-cfm ceﬂjt_;_fom_sa_rm

coatings 17, 18 ang 19, cg yere jt]n 0 cfrr;ﬁ and pe f gd rate yas 40.
t e

grans per m nut e (gpn) I'n” Exanple 1 ers ' ardness and e 05| on
rate (u/gnm were determ ned and these data are shown in Table 6. The

Vi cker g5 har dness gikgrﬁggw o at using an acetyl ene- hydgocarchonegas-agxygen
m xture in place ne- oxygen-nitrogen m xture can produce
either a ceating hav ng;,a higher hargdness iy t hgepamz gobglit centeng 35
(conmpare sanpl e cogtjn sanpl e coating 1 or cotlng avi.png a

hi gher cobglt cont%n ?Adr V\%epsanemhardnes r;(con'gare'ggl 2 cod |ngg W th
sanpkeacoatt ng 18)%9-40'%% 5-55 P 0 353317681 D'GUN PARARRETERS AND
PROPERTI ES sOF COATisNG MMDE 6ROM POWGER D 5Ss.7 129 14.0 2.9 74 14

e D
I

25 EXAMPLE 5

The gaseous fuel-oxidant mixture of the compositions shown in Table 6 were each introduced into a
detonation gun to form a detonatable mixture having an atomic ratio of oxygen to carbon as also shown in
Table 6. The coating powder was sample D and the fuel-oxidant mixture is as also shown in Table 6. The

30 gas flow rate was 0.38 m%min (13.5 cubic feet per minute-cfm) except for sample coatings 17, 18 and 19
which were 11.0 cfm, and the feed rate was 46.7 grams per minute (gpm). As in Example 1, the Vickers
hardness and erosion rate (L/gm) were determined and these data are shown in Table 6. The Vickers
hardness data show that using an acetylene-hydrocarbon gas-oxygen mixture in place of an acetylens-
oxygen-nitrogen mixiure can produce either a coating having a higher hardness at the same cobalt content

35 (compare sample coating 5 with sample coating 17) or a coating having a higher cobalt content for the
same hardness (compare sample coating 5 with sample coating 18).
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. . s

to C - Hardness ['er'r] Gaseous Fuel -M xture ~ Atonic Ratio Vi ckers

Chemistry Erosion [err] 10 Sanple [err]
_( Kg/[err] ) (u/ grﬁp‘ig{g-]mlm 37.0 3.7 59. 3 -
1.0 . 17.6 3.2 29.8 12.8 57.4 -
1.0 : 1235 15.2 2.4 - 109 24 15 3 29.8 7.5
- 62. 7, - 1.2 1200 IAG.L&.%- 2 0.9 86 25 4
29. S 3.2 67.0 - 1. 1180 11.6 0.6 77
24 5/ 25.6 EUN_PARAM ATON 1250 15.5
3.2 100 25 [err] 75. 6 umﬁiumxmmﬂun8 - 1. 05 1230
14.3% .1 - 88 24 7 25.6 15. 3 50.1 - . 1.1
1185 13. 7 1.6 - 81 24 8 {1) 12 9" 61.5 -
1.2 1110 12.6 1.0 Qe fafghesd 25.6  10.6
63.8 - ﬁntma(_f.;n’l‘?uinmzw Atomig atde  MickBrs. f-hmm:x._ 245ﬂm_.
25.6  saipif 65. 8 (Vo 1.4 (H}gﬂ, 10.5 f(@/gm 71
i SHee CMe6. 79 By 7 - .5 95 9.9
: 2o zC 1g€ :
0.5 75 25 12 25.6 5.7 68 7 - 6
1180 @ 19.8 &b 3 7 849 3 25 30 i3 2n.6 3.23.4 71 0o -
1.7 1115 9 25, 18. 4.1
57.31 -2 2.4 280 sl hgg (Pl sz ety 2
18.6 213 8 0.6 7.5 627 -1.2 1.2 1205 13.2 0.3 869 25 65
22 35 46 298 350 67475 6348 -y 6 lo8 1 24920
7.0 0.5  1010° 2547 ° N I 2470, 08
1100*, %5.6 -4 18.01p05%.4 39 18 1.0. 1258 3 15.5343.2 3G 25 0.98
1250% 2.2 .6 16 512057 s 26 40 10819 1230 143 2.1 4288 2442.2 10
0.98 - 7 1375* | 120 23 Note (13 Measured as _Rockwel |
superficial har dffes érﬂj cB"Hver’f ed to'Vi cker $'®35 706 B dnéds unless

ot herw se8 i ndi caziesl wiztsh asn.asterisk (.2). C aios 5@2.8. Roproeesszef, flame
plating wth a dgtpnalion gup which cogprise ,gl5| Ng,.8 Jpseous, fuc;jl oxi dant
mi xt & e corrpr|5| ng (a) an OXI dant and ?p) a fuel miXtur€ conprising a
m xture ¥ acetytehe &fd abBBcond conbhsti bl 82fas 3bBect.2d f 7bm 33 opyl ene,
-met hane, et hyl eng ¢ Melghy| geetyl ene, pgopanejggpent agig, @sbut agli ene, a
butyl ene,  a but anes et h7yl ene_oxi de, et hane P/ | opr oEane pr opadi ene,
cycl gput Fne and 4% m Bhres therkbf. 2. "prockes &8cord ng%o claim
1, wherein the oa.elanB.4 s sebecied fram oxygens nitg, suso .6Xxi de3 ands m xt ures

~Lhereof . 1412 F.9 343 176 81 | 1.1 1260 0.0 1.3C ke MpS 7

TABLE 6

15 18.6 21.8 59.6 - 1.2 1215 9.3 0.9 65 22

35 16 ' 18.6 17.6 63.8 =~ 1.4 " 920 7.0 0.5 101 25

L - 30.3 29.7 4 0.98 1100* 15.6 3.4 120 . 30

L/ 8 - 35.3 34.7 30 0.98 1250 12.2 3'-5 120 26
.40 19 - 42.8 42.2 10 0.98 1375 6.9 3.6 129 a3

Note (1) Measured as Rockwell superficial hardness and converted to Vickers

% hardness unless otherwise indicated with an asterisk (*).

Claims
50 l i
1. A process of flame plating with a detonation gun which comprises using a gaseous fusl-oxidant mixture
comprising (a) an oxidant and (b) a fuel ‘mixture comprising a mixture of acetylene and a second
combustible 'gas selected from propylene, methane, ethylens, methyl acetylene, propane, pentane, a
butadiens, a butylene, a butane, sthylene oxide, ethane, cyclopropane, propadiens, cyclobutane and
5 mixtures thereof.

2. A process according to claim 1, wherein the oxidant is selected from oxfgen, nitrous oxide and
- mixtures thereof.
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0- GUN' PARAMETERS AND PROPERTI ES OF COATI NGS MADE FROM-POADER- O 5 [err] to

[err] Har dness [err] 2 Gaseous Fuel -M xture - Atonic Ratio Vi ckers
Chemi stry Erosion (Vol % mzu;m
(u/gm 10 Sanple EP 0 313 176 B1 l!llllcl "IIILI III,.H " st Sk I]) _
[err] 1 37.-0 3.7 59..3 - 1.0 17.6 :
3.2 2. 29.8 12.8 57.4 - 1.0 1235 15.2 ,2.4
109 24 15 3 - 29.8 7.5 IMEE - 1.2 - 1200

13:2° 0.9 86 25 4 29.8 3.2 - 67.0 - - 1.4

1180 11.6 0.6 DZGUN PASAMETERS AMD PROPERDIES @F COATRNGS  56.4 - .
1.0 1250 15.5 3.2 BEGCROMPOSDERD 25.6 16.6 57.8 -
1.05 8% 1230 14.3 2.1 88 24 7 25.6 15.3 59.1
- ‘1.1 ' 1185 - 13.7 5 16@  #Srliness''24 8 25. 6

12.9° 61.5 - 1.2 1140 12.6 1.0 75 24 9

25.6 10.6  63.fpsecus furl-Mixture 7 3Atemic Rakig ) ¥ickers. fhemigtry 4 gfrosies. oy
10, sample 25.6, gtV * 65.8 N . L.(g/em?) 1020 ‘W 5 0.7
71 23coddieg w25l &7 M 6.7 - £ zC _2080950° - 9.9
QS . 75 25 12 25. 6° 5.7 68.7 - 1.6 - 1180 -
9.8 0.51 84 3725 3p713%9.3 - 25160 3.4 717.6 3.2 1.7

1115 . 9.5 3 25 14 . 18. 6,4 24. 5% 3 109- :
1w igg0 PR RE P g 1y, 1o Rt ke BETmet ae
1.2 3 1215 298 9.5 @B - 65 122 16 W0 13.2 0.93 861773 63. 8
29 40 4l1.4 28.898932@- 67.101(7)69 0-11246 131120 2511L8 0.50_177 - 24 30.3
35.3° 3457 30 -6 1805 g4 - o5t 1250 gg 33120‘% 28%40 19

- “ 4268  4229.6 106.6 57.8 (- 98 1.05 137130 1639 2.13.68 220 23
Note (1) asure S Kk |, superficial har Ss copverted t,Q Vickers
har dness ﬁl ess g?%er\%)'gevﬁr?dll ca-'ltoed V\ﬁtﬂ an ag"?gri szﬂ?[ef'?] ). te?] aiz(r)h; 50 1.
A processBof flaRk-6pl &-Png 8% h -a det ondti on §UR whidh cblpri d8s #&ing a
gasequs fgiel - oxi dant ng.¥t ur@.gonprisings(a) amexi dans and (blsra fadel

m xture conprising . a ni xture of acetylene and_a second conbusti bl e_gas

sel ect ed'¥rom pragﬁl ent’ neffthine, et hy'l'éne, r’réoczﬂyl' Atat y?'éne, 7;’)roﬁane,

pent ane, 1a 55 25.6 bauvadieoe, -a but yi.ene, aiwdst aney.9et &gl engsoxiade,
et hane, gyclopr opane, ﬁr,_opaégi;ane.,- cycllq?ut anel-@gd m:a%urfz_g thegpeof,e 2. A
0

process according to claim 1, wherein'the oxidant iS sel‘écted from oxygen,
ni trous &Xi de andSi xt#pes Mkkreof. 12.7 s 9.5 0.5 923 2B
| e 18.6 24.1 ° 57.3 - 1.1 1260 0.0 1.3 69 22
15 18.6 21.8 59.6 - 1.2 1215 9.3 0.9 65 22
. SRR T 18,6 17.6  63.8 - 1.4 . 920 7.0 0.5 w01 25
| 17 - 30.3  29.7 40 0.98 100" 15.6 3.4 120 . 30
18 - 35.3  34.7 30 0.98 1250 12.2 3.5 120 26
w0 19 - . 428 422 W 0.9 1375 6.9 3.6 120 23

Note (1) Measured as Rockwell superficial hardness and converted to Vickers
' hardness unless otherwise indicated with an asterisk (*).

Claims
50 -
1. A process of flame plating with a detonation gun which comprises using a gaseous fuel-oxidant mixture
comprising (a) an oxidant and (b) a fuel mixture comprising a mixture of acetylene and a second
combustible gas selected from propylene, methane, ethylene, methy! acetylene, propane, pentane, a
butadiene, a butylene, a butane, ethylene oxide, ethane, cyclopropane, propadiene, cyclobutane and
mixtures thereof. .

<
«

2. A process according to claim 1, wherein the oxidant is selected from oxygen, nitrous oxide and
mixtures thereof.
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E’P.O 313 176 B1 3. A process according to claim1l1 or 2, m
contains from35 to 80 percent by volune of the oxi dant ‘u“‘ _
percent by volune of acetylene, angy §apissP 60 percent b ﬂ uml “‘\It

second conbustible gas. 5 4. A process according to claim wheteith the*
m xture contains from45 to 70 percent by volume oxidant, from7 to 45
percent byg. wOprasess aueertiviy enaairan Gbr 2) whateihOhd mixthiz daetaiteidm keyto\ao |peroEnt 6 vdine of
second conbubd oxilast, has 2 1050 Perg@nOneeiima®t adetiieng ahd frah AiteT6M percentliyedolumi bt the

m xtwyy.e contsacang cémipmtibielgas.0 65 percent by vol une oxi dant, 10 from1l2 to
26 percent by volunme acetylene and from 18 to 30 percent by vol une of the
second &ofbuserpesiseacgerding . claim g v hewingheaminbredioniging fepmpdhyto @9 per¢ent pysvolime gxidant,
wher ei n t he fremxT (e 45 iparsend by siolymp ccotylenecandf frogy YRy én4% Bereast by olgne pf Bt seeamd o
about 2. 0. 199mbustigle gasocess according to claim6, wherein the second
conbustible gas is selected. from ro Iene ropane and but ene and t
atomic rabi E'ff’ceB?( @'H‘"?E? ofrere ‘gf‘ % 05‘ ¥ 10 55 px i‘%:e °x'da“t
accor di'hg t g ‘f c?eé?eﬁ’s ‘5"%“9 8? &N IRe 8@8“’?:'&% ﬁ“BI° Sgcond

consi sts subBaHTR aP‘T of propyl ene. 9 A process according to any
o oceas aodh fots ¥ %‘%g%‘a °fv”&$‘“*:‘ o Fiatetie ol enChord 1480 oLB3gerdl:
from argon, rateon Krypton, - xenon, heliumand nitrogen. 11. A process

accordi ngzt-o stoaésmaé&bra.r\gher@dm e Wrbi @i sedbridUdohBastifid ad T $blekio® %8R- prdpdiend)
process accQiéPaitant Gutfibive b tHel afhitratio df Gxyddn to\6hYBEraS flork .05 BaHEOUS

fuel - oxi dant mixture is introduced 30 into the gun to forma detonatabl e
m xture, a pope@sestcatiag tongy obdms Bio 6, Shereii the sktorertombiistiblé b cdesistsbsdntialy
meeothprobMegun and the fuel -oxidant mxture is detonated to
inpinge the coating material onto an article to be coated. 13. A process
accor di ng9t o\ erbeeshaceardingiecne pirelainset td 8t wheepin thamiglure chafainssanritextdilgfinggab- i gni t i on
chanber and a 35 barrel portion, wherein the gaseous fuel-oxidant

m xt ure i 30ihPPerss dedrdingte clpime?: cﬁlﬂe'f‘ edtRghdikdng dad 15 selgctach tiom grapt:ingen: kieiftber
a comizhut ed‘eﬂ‘lﬁ‘a't‘t"%a?t’dt't@ﬂ?'hl |s |ntroduced into the barrel portion, and

t he gaseo E(({uel oxi d on'S d within the gun to inpinge the
coati ng nif PraFesHITY” '391m§ é’"‘t"ti" 8'"863 Sﬁp 993 5 Nt999% nt anspr uche: 1.
Verfahre”]g% fole @9&%0%%’“ Zﬁ Waipns &l 95, ﬁ%ﬂ%ﬁé&@%%%%ﬁ%f g;téeEtYX%t?c%Hng

€ines qas ucéd fhto the

Bt
i dat | onstetoﬁ tamm.xt, il énaﬁé 8 &%ﬁ .Eﬁ@a&m@@é.@w%ﬁm

ei n Gem sch distialdnilay afitie Wb c%th@m zweiten renn aren (as aufwerst, das

aus Propylen, Methan, Ethyl.en, Methyl acetylen, Propan, Pentan, einem

But adi en, 1simﬁaae&15c5¢b@m9 toCdidhe WE,BihBﬁm,theEdeliBﬁh@ﬁ@M Kbs aaahﬁghna%ib@afaa.a&rbnd a
Propadisen, ®@aeél@otibrgwheraid tlecgasenod Rbl-clidsm @lined isantogred mkd the §iin thdugh\Bg fnadag en
nach Anspr ucind Ignitiom biambeia s dorimilaiteld aisting triatdrialcis SntrBdused Bitoothé barekil @ortion, and the

Sti ckdst of f masapusiiael-o@dent mx&ee is detorgield ewithicl e Yeh trdmpisgebreevatirigtmatesial on®.an article
Ver fahren ndehe #atedr uch 1 oder 2, wobei das Gemi sch 35 bis 80 '
Vol nprozent Oxidationsmttel, 2 bis 50 Vol unenprozent Acetylen und 2 bis
60 Vol dﬁeﬁb‘Pb‘Eé‘iﬁ“"&és zwei t en brennbaren Gases ent hal t .

1. Verfahren zum Flammplattieren mit einer Detonationskanone unter Verwendung eines gasférmigen
Brennstoff/Oxidationsmittel-Gemisches, das (a) sin Oxidationsmittel und (b) ein Brennstoffgemisch
. aufweist, das seinerseits ein Gemisch aus Acetylen und einem zwsiten brennbaren Gas aufweist, das
‘45 aus Propylen, Methan, Ethylen, Methylacetylen, Propan, Pentan, einem Butadien, sinem Butylen, einem
Butan, Ethylenoxid, Ethan, Cyclopropan, Propadien, Cyclobutan und Gemischen derselben ausgewzhit
ist. C
2. Verfahren nach Anspruch 1, wobei das Oxidationsmittel aus Sauerstoff, die Stickstoffoxid und Gemi-
50 schen derselben ausgewihit ist.

3. Verfahren tnach Anspruch 1 oder 2, wobei das Gemisch 35 bis 80 Volumenprozent Oxidationsmittel, 2
bis 50 Volumenprozent Acetylen und 2 bis 60 Volumenprozent des zweiten brennbaren Gases enthilt.

55 4. Verfahren nach Anspruch 3, wobei das Gemisch 45 bis 70 Volumenprozent Oxidationsmittel, 7 bis 45
Volumenprozent Acetylen und 10 bis 45 Volumenprozent des zweiten brennbaren Gases enthilt.
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55 4. Verfahren nach Anspruch 3, wobei das Gem sch

Vol unmenpr ozent Oxidationsmttel, 7 bis 45 Vol urrenpr @Nm’u"

bi s 45 Vol unenprozent des’ zmelt?pfgpypﬂaépn Gases er'itth L 0 313
176 Bl . * 5. Verfahren nach Anspr uch
4, wobei das Gemisch 50 b| s 65 Vol unenprozent Oxidationsmttel, 12 bis 26
Vol unmenpr omitiren/Aett Asprochif dvolidl dbd Gerdl&th 80 lblsres 'voludampidzert mudﬂmmt@n 1bbe26bar en
Gas€s ent halitengiozeMacétaibn @ 18 &is[30 Fbleenpabesnt desspoitdo hendbateh Sades owbdiei  das
.Gem\sch ein Atonverhal tnis von Sauerstoff zu 5 Kohl enstof f von 0,9 bis
etwa 2, 6 héattahrep natfesiderhdas Anspeliche 1Abis Brwabbi d8s Gonpibrbi eindfiemvehéitnisevob Sausrsiolfave Gas
aus F’ropyl‘@h‘eﬂsﬂhﬁdﬂawgiﬁemﬁl?towabn ausgewshlt ist und das Atomverh~ltnis von
Sauerstoff zu Kohl enstoff 0,95 bis 1,6 betragt. 10 8. Verfahren nach ei nem
der Anspr (YeH#rep paes ”G‘SF"WGb%IW%Qéai\%?'feebrm“@?mt%sé‘“%g?PV'ﬂ'i visenan g Byrien aus
Pr opy! en t?é%gce@ﬂlu ist gnd ‘!?éﬁ%?’éﬂ‘"ﬁé(@hsaé‘P'ﬁ@W‘H@h'eﬂﬂgfd’r%&‘Fe GbayEgl g8 wobei das
Gem sch I nertes Ver un ent h 0. Verfahren n Anspruch
o, wibeP e {69 GO TR LoD o RP R g S, RO A8 #81 1 um
und StICkSt § bw-i hit ist. 11. Verfahren nach Anspruch 10, vvobel das

i nerte er '
anopr ¢ oo Y W@“ L1 58, ol Bep, il B PRV R

Gemi s£h44, rveﬂarﬁenlﬁeaae NRsprith $3iolldi NEs GleRE VofdBArRYsGdsLRS HRgdReNboHC REBIoR) m& eitet
W rd, ein ywnyesd gi,emoggnsgmmrsagv\er kstof f in das detoni erbare Gen sch
|nnerhal b der Kanone ei ngebracht wird, und das Brenn-

st of f/ Or. detiateensiattt Ardprusterni Gebsi @urnewmﬁdnmmmkmma wird, um den

Auf tragwer kst of f auf einen zu beschi cht enden Gegenst and auftreffen zZu

| as'sen. 12VefiSven\igach Binemrden Aosprikhe pr ki€ h1,1\¥gbeindss egasfthimigeD@remswti/iOgdaikismiltee si ne
M sch- und3eptiaqh locdieniganonerayr Bildnwareinea détoridrbaren Gamidchas, eingolbitet wirth sin galvdri§rmmigey e

Br ennst of fAultiapwistsiof irs sidstdetshioweraiGemisch innathath des Kanene eiasbraght wirt use as Bragh-

Zund kannersmé‘{qafgétl%ﬁ"t"@@ Gonipeh, 2usDgtopation |9abrardt wisd. Uy fien Arftiperrkstelt auf|eipesan
Lauft ei | ergihender Goggnriend aﬂ‘i‘fﬂ"edég 'agﬁs%f 6rm ge

Br eni%t ff/ | dat: onsm ttel- nner haI b de ﬁ one_zuyr Det onation 30
gebr acht® P 'qé L 13‘? '\'?15 g'e einen
GegenSt an 'éc und (fngkam lJrTem ele vr%qje lemerter ﬁgl'ra we sto | d n auﬁm el a I a
flame a gl g o i s &/ax.%i.o%mﬂeaa §£ f aﬁﬁ 'ange
w0 93BG , SomRLY 1Pl if 5L @ Afg,g oo
nelange co ust I b conpre- nant un mel ange tyl'bne et d un second gaz

conbust gbleRdiedtiingi parm du propyl bne, du net hane de | " ethyl bne, du

met hyl acetyl bne, du propane, du pentane, un butadi bne, un butyl bne, un

but ane, 1.dePrdcs@xydPaddgdh ylidaine, 2 rhiel d'udtdarones ddibhation Cdup EnSifia @utilisdtiurPiésngdi bne,
du cygl obujase cabbusid®-osmbaag @SmgtenabtefEpunCdombdht 3t (bPGrOR8iaye Tethiustilicicompre-

r evendi catriagtrun mélatigand'adéatbae bt d'r seommb igaacimbesible chadi parmedit prepyigne xdy grithens,

| ' oxyde azistléhyieret dudmsthylBistyRge Siu hepa@udu rantandd un Botadidnd Curstgitytine,| ua butane, de
revendi catloode déthuidae, del dtkant,cdyLpytlofrepants da nygpadidon tdu entlobdBneetgds Mflenges db une
du ewrtburant, 2 a 50 % en volune d' acetyl Ane et 2 a 60 %en vol une

du sétond conbustible. 4. Proc6d6 selon |a revendication 3, dans | equel
e nel afgd et g‘% slopia prongication 4 daps \oae| ieoTBRITAIL A% Ghoighnire Foxygine, Foxyde azoteux
as m

langes de ceux-ci.

3. Procédé selon la revendication 1 ou 2, dans lequel le mélange contient 35 3 80 % en volume du
45 comburant, 2 & 50 % en volume d'acétyléne et 2 2 60 % en volume du second gaz combustible.

4, Procédé selon la revendication 3, dans lequel le mélange contient 45 3 70 % en volume de comburant,
7 3 45 % en volume d'acétyléne et 10 4 45 % en volume du second gaz combustible.

50 5. Procédé selon la revendication 4, dans lequel le mélange contient 50 & 85 % en volume de comburant,
12326 % en volume d'acétyléne et 18 &4 30 % en volume du second gaz combustible.

6. Procédé selon 'une quelconque des revendications 1 & 5, dans lequel ls mélange a un rapport
atomique de I'oxygéne au carbone de 0,9 & environ 2,0.
55
7. Procédé selon la revendication 6, dans lequel ie second gaz combustible est choisi entre du propyléne,
* du propane st du butyl&ne et le rapport atomique de I'oxygéne au carbone est de 0,95 & 1,6.
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7 a 45 % en vol ume d' acbtyl ene et 10 a 45 % en volune du second
conbustible. 50 5. Proc6d6 selon |a revendication 4, dﬂmmﬁuﬂ ‘Im ‘“l
n6l ange contfent 50 a 65 % en voI‘urgp'@&%r ant, 12 i
d'_ac6ty| bne et 18 b 30 % en volunme du second gaz corrbustl’bl e 6. Pr 006d6
sel on i"une quel conque des revendications 1 a 5, dans lequel |e nelange a
un rappor t 8.atPexédfuselot dure’ haly@aUCdea Ueverdidatune 1des, Gar 16qusiny bdcomi ghz GomiRBtible est
Pr 006d4 sel omoristiiué sonsbighhadtie popylne.dans | equel | e second gaz conbusti bl e est
choi §y entre du propyl ene, du propane et du butyI ene et | e rapport atom que
de | ' oxygbhe ngédﬁa?re!mdeneesqelcel@lw dob regentlic@ions] 4 2 8, daf ©@bBIle1danBd contient un gaz
C & L [wertssdediluiong  Proced6 sel on |'une quel conque des revendications
1 a 6, dans Ie%gel Ie second gaz conbusti bl e est constitue sensiblenent de
propyl ene. 1% P& evengication 9. dars Igyel e gt jenste de dilytien ashefioisiantre Frggop. Ig néon.
dans | equel I'ek'¥f’é‘1"a'ﬁé Bdﬁ‘f‘?@r‘f’f'aﬁ?{egaz 5 inerte de dilution. 10.
Procede sehor']_, | & revepdl C inerte de di I ut| on est
[ e i

choisi éntre qcedegsg'ﬁ r%ve?fjgc@ h 8 edaﬂ? GB‘{GL'ﬁ%aﬁ 'Eeryﬂﬁgﬁ‘tm’] esﬁ%‘? BT et az ot e.

ro 11. Progede, g8l | lﬁ'e c% eharkGions e%qe ol 8 ilaZu r%e ange gazeux
dilution est S,pﬁbjg. i % o;g'ef b:@r d'nit{f‘gl o4 E:LRP%H trglnﬁ'ﬁ un|e gatu%re de

15 QW
revendi cat i ORKawmént » poﬂg@&ng O 'aétl)ﬁl\w Y r e mélange

combust il e- e&myﬁb’rb% @B pb xﬁp%&?r&m&sd R EBrhent! Slr U brl&IOE ¢ Onant
introduit une mati ere de revetenent en poudre dans | e nel ange d6tonant a

| i nteri eus. Gbc&BNoN 1€ reveitiidatint 120 br@NBGuel B ¥RdAH IBtoddlion comporte une chambre de
conbust i bl e- edlatger etnde piser - PEuotednerpattia debtdnl QardClodual B4 @Bt 16 Lifsldnge FbdolE! €
a reyefir. 1lsomiestibiscdtbeeitdms|iacanev padinbabddaite dla chambse deemjélarige leBdLRiBO B fe,
det ondt #oon c onrjptredult unmmatiéleuiyérséalds avditemegialant la detieicsm s, dt eulfai tétomee lopadidnge
de corps, dargeceprbustibie-comburantiailintsrieur v8| camrgerograpreielrr le awetiers tde bibvtemeniizur amt
dans |l e. canoﬁmﬁaP rev8rnt er nedi ai re de | a chambre de n6l ange et de mise a

feu, 20 on |ntrodU|t une matiere pul verisee de revetenent dans |a
partl e de corps, on fait detoner |e nelange gazeux conbusti bl e- conburant
al'int8rieur du canon pour projeter la matiere -de revQenent sur un

article a revetir. 25 30 35 40 45 50 15
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