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Abstract—The catalytic decomposition of vaporized dimethyl methylphosphonate(DMMP) by alumina-sup-
ported precious metal catalysts was studied with a fixed bed flow reactor. The platinum catalyst showed
the best performance for the reaction. DMMP vapor in air stream was decomposed perfectly at the beginning
but the performances of the catalysts were reduced rapidly with the lapse of time. So we tried to elucidate
the decomposition mechanism of DMMP and the deactivation mechanism of the catalysts in process of reaction
by analyzing the reaction products and the surfaces of the catalysts. According to the test results, methoxy
groups of DMMP were separated by hydrolysis reaction over the alumina support, and then methanol formed
from the methoxy groups was decomposed to carbon dioxide and water by oxidation reaction over the precious
metals. The decomposed chemicals containing phosphorous were mainly nonvolatile monomethyl methylphos-
phonate(MMMP) and methylphosphonic acid(MPA). A part of the nonvolatile products adhered strongly
to the surfaces of the catalysts, so the catalysts were deactivated seriously.
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Fig. 1. Test apparatus for catalytic decomposition of DMMP.
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Fig. 2. Typical behavior of decomposition of DMMP over
Pt(1.0)/A10; catalyst at 300°C.
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Fig. 3. Effect of the reactive metals of the catalysts on
the decomposition of DMMP. Reaction tempera-
ture : 300°C.
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Fig. 4. Time dependence of the distribution of volatile
products of DMMP decomposition on the cata-
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Fig. 4. Continued.
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Fig. 5. Infrared spectra of DMMP and liquid product of
DMMP decomposition on Ru(0.5)/ALOx.
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Table 2. Atomic composition(%) of the catalysts surface
after 40 hours reaction

Catalyst
atoms
C 14.9 17.5 34.0
P 14.3 10.9 5.2
0] 64.9 61.6 50.1
Al 59 10.0 10.7
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Fig. 6. Infrared spectra of surface chemical species on Pt
(1.0)/AL,O;, A :physically adsorbed DMMP, B:
used catalyst for catalytic reaction for 40 hours
at 300°C, C:treated ‘B’ at 900°C in air.
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Fig. 7. Infrared spectra of surface chemical species on Pt
(1.0)/A1,0,, samples were treated at the given tem-
peratures for 1.5 hours after adsorption of DMMP
at room temperature.

Z BaA7)7) wEell 2 AN E
ulg A ol et ES e dAde]
go] Zv) Eel F7)A e} =¥
3} ukl AL vehlle AL EslPAde] e &
nj 58 DMMP9] v &4 wE gy & adxee
Rafa)7)2] Zalmg w)giAde] xw Q3gHE Fol

a7l wo] =S 9l7) wlEolch

Zuf| Zlol] dol sle o e FHE Fls)
#3ted Pt(1.0)/ALO; i & A d3sled W3 - FHoljo}
Al 2o 4 Zulo) ks DMMPE & 371 ¥ 110C
AA 147k AlFo 2 Az Alg 22 wh-gol A8
Zol & A F 5t F7) Foll A 900CT7R] DX 2|7 A 22
Ao &4 ~Hed$ Fig 69 vyehyigict. DMMP
£ Pt/ALO;el 327 A 52 A4 &5 2
Egts 5 AAH o2 F4d-eEe A7 9F
AHe] ] DMMP#} #¢) 5317 vhebydo) 22y P=0
o] Z73}te] stretchingsl] #]wdsh= 1,244 cm ™! ¥-9-8]7}
3= 289 A Alb 2 dAledl 1,180 A4 1,185
cm ™t Ze] Beelrl ofE 25 uls] Ao
AA AL E F stk o] ZAAZ N DMMP7} i



g4 Fol ol 4ol dmmp 3 169

Hwol] F2% dis P=029] 44rt Fo 2z} 435
2H8-3te] o3 Hdte] ofstE[W A P0M HelE =
7] Wgol 50cm ' HE o2 F H2v) o|FR
o2 seksich 300Co] 4 4041 7F o) 44 ub-S-of] A}-8-3h
Zof o] 3¢+ PO-CHyell 21§ 2957 cm !, 2,853 cm !,
1468cm ' 28} 1.060cm ! %92 Ee Alebx] A
A 7] 7} o} 5= ekl |51 wbd P-CH,oll 9% 2957 cm ',
1421cm ' 223 1,321cm 9] ¥-$-2]E5e AlA e
2 477 AR AL o 5 glek £ POx 31EE9)
AZol sldshi= 1,000 cm ol 4 E} 1,250 cm ™! A}o)
o= obF & AR B$2[13]7} vielteor o]
7] Fo & 900T7A] 7hedslol e Abebr|z] ¢k 1
2 A= glck(Fig 6, C). 28]2 & whe F Zu)
Eqe] FH=e BAS T FollA 900C7HA] 7k
shd 7hed A 9] 7] (group) -8 BF flolA L el e
POx 3}3}gal &vf ol v 5= Ao gddch

Zv] ZwolAe] DMMP 2 %S o2 43
otol ¥ 7] $]3}e] Pt(1.0)/ALO; Zvujol DMMPE &%
A F 37 BYrlelA exE &vh dxHF
Al ge] Mo ¥ EetE Fig 7o vhehi ok 100C2
dxelgt Al gz §Farbe)d sidshz P=02 &5 &
27} ol 2 o]Fd A #leli= DMMP2] PO-CH,
(1,468 cm ', 1,060cm ')¢} P-CH3(1,420cm™!, 1,317
cm” el 98 B-9-8]Fo] & Jehta glo) zevt 200
CTE dxeg H$E PO-CHyoll 98 2-9-2]50] A}
2}A A A7) 7} o} oFstAl B S B 7 ok 300
T2 dxe)g A8 PO-CHyoll 93 &5+ 292+
sk 3] Alzbz)a P-CHyell 913t F503-9-2] 52 A7l
obs A 2| uk o 2 ol 9l om 400CE A H¢
742 $ A= 2 g)ch =3 P-CHyoll 215 DMMP2} 1,314
cm 8] B9-g)7t dxe) 2E) FoHESE £ S
Zo 2 olFshe A% & F glon o]& P-CH:9
9] #ho) wWabsla Qlg& el Far glrk 200C 2
A 2§ Az A5E vehdr] Alabshs 1,000cm™!
ol 4] 1,250 cm™ ! Ate]9] 7hslar g2 POxol & &5
B9-2e o BE 298] AgAR 12 £
=3 9lorf Fig 69 Aol wzw 900C7A % A
stk 7o) =53 9ot 28ir g Pi(1.0)/ALO; &
v ol A e] &% ubE DMMP %3] 3332 Scheme
17} zte] FAE 4 9l

3-4. DMMP 23 % &0 @#4Xst wiFE

dllAe P gAE BA o) 29 B4 2
5% sk 3 E4el4e] DMMP Fale =A
DMMP7} Zvjo} HFste] wi54] 717F HolA wet
To] AT ARE Ak F2 NG § ASH

CHs CHs H,CO_ CH,

| \
B,CD—Q—OCH, Mdsarptise HyCO—P—0OCHy ®mot O/P\ + «0CHg1

e VL

—s -

LSS S
Pt/Al(0y
Jm
g
P 4 .CHg? _o0% P + +OCHy!
N L]
o ™o 0”1 o

o 0
(e ;/';/;/;/7/

Scheme 1.

oste] ol bahrtac) T2 FaHe B9E AHA @
o Zeh} whgo] VaAEE Sake] o} o) 77

Wstaz Absh Fa)A717) $e7] @l dve B

bhol €% DME7F 44s)a ojspe] ojsree
2z $EsA ok ekt gAEe 29w &
e B9 xaAgael 24 Wb A gel A
SRR EERECRE SRR T EY RS
AYSE REe] BN A gl Ao Mo}

Ag o 4 algh

W7ol A WS EE Aa) AT Zo) Eele]
ol EeHe BYE AL SRS o)iE
MMMPu} MPA=Z DMMP9] w|&A]7] 274 & o) =
20 255} ey 44EE EUSene
DMMP<e] P-OCH; Zjte] 54 Bxe AL &
qleh. e} P-CHy 2@ 4ebs] abdstols] 300C
dAE Aol RaEA R Ao vepdh 2o B
ol Al He Qs EEe Folo) b A o
Hal7) afol A watEA sfow Zoe) fid A
Aol g oo me} o) Ewe oqiEe] YL WA
Sz Ewido] Zol5A Mok ) Ewle] Ty ol
Yt UHFEE 239 FojE B7] FolA et
W7 o E A7 5000 o] skl 4] SkHs] Hafsio]
gloj R A gk ke 90T Ftdstel® glojx1x] ek
A2te ez Fof Ewel whsl nAHe] e A
o2 vehyte).

.3 =
dFullel G 34 FohE o] §3tel DMMP

& shpslshe WEe AT 2% o B 2
e gtk
(D Aol 4T mE Zohe] A9 Bx7lole

HWAHAK KONGHAK Vol. 33, No. 4, August, 1995



470 Babst . okl gE -
DMMP E3&&o] Eghov} ubgo] zlsyge we} 7
HabA 43so] WolHa] oA % Al7te] Aukw A

Arefoll E=egich

(2) DMMPel| th3h Baljgtde] o} & 4
vl WFEuo] H9rL 7py $patc

(3) AF% Zuf Aol A 2] DMMP #3)+= 2
o] o] 54] 7|7} Zhpsfel ste] wiwk2o] L oh4)
A5 Abshatiol oJale] o] abEivtigl FR 3
"k a2z whgo) Al e wpe} o) Ewe] AHF
Zo] F43 g5go glsle] vk Ao
FaAl7)A] EanE velg3) Aeke] oiueog 27}
L= =3

(4) Zvf T ubgo] zlal gl ulel v FuA
Q3] HAFWA Ago] FA3 HaxEy F
s Q13 Ee DMMPol A wWEA]7)7} & 7| =
5 R 25 skl oate] Woln Aol E3le)
) §-Folck 283 whgr] SRR 55 B
Zo) Fmo] vFurA] QAEE F A8t HolX pE
Aoz 23 MMMPe} MPAZ A=t}

(5) Zv| Zdo HA9 AP EL F7] FolA 7}
g3ty 7t Z571Ee BF goxAgt g 4
35 g Fo] 90T R AAHA G

.:Ldt.
=R

Zojof

1 DMMP

\“1
rlr 2 lo

rlo

=

1. Yang, Y.C., Baker, J.A. and Ward, J.R.: Chem.
Rev., 92, 1792(1992).

2. Hsy, C.C. and Pistritto, J. V.: AD-A173639, “Pro-
ceedings of the Army Science Conference Held
at West Point, New York on 17-19 June 1986”,
Vol. 2, p.67-79(1986).

3. Ekerdt, J. G., Klabunde, K. J., Shapley, J. R., White,

313133 M333 H4s 19954 8%

11

12.

13.

o) 2t - okgAl

oo T

J.M. and Yates, J.T.. J Phys. Chem., 92, 6182
(1988).

. Shaw, R. W.: “Proceedings of the Fourth Interna-

tional Symposium on Protection against Chemical
Warfare Agents”, p.131-137, Stockholm, Sweden
8-12, June 1992.

. Lee, K. Y, Houalla, M., Hercules, D. M. and Hall,

W.K.: J. Catal, 145, 223(1994).

. Ryu, S. G, Yang, J. K. and Lee, H. W.: Technical

Report GSRD-507-91484, “State of Art Report for
Catalytic Decomposition of Chemical Agents”, A-
gency for Defence Development of Korea(1991).

. Lester, G.R. and Marinangel, R. E.: AD-A177375,

“Development and Characterization of Oxidation
Catalysts for Air Purication”, (1987).

. Bailer, R. W. and Weller, S. W.: I&EC Process Des.

Dev., 6, 380(1967).

. Rossin, J. A.: Ind. Eng. Chem. Res., 28, 1562(1989).
10.

(a) Templeton, M. K. and Weinberg, W. H.: J Am.
Chem. Soc., 107, 97(1985).

(b) Templeton, M. K. and Weinberg, W. H.: J. Am.
Chem. Soc., 107, 774(1985).

(a) Van Der Veken, B.]. and Herman, M. A.: Pho-
sphorus and Sulfur, 10, 357(1981).

(b) Moravie, R. M., Froment, F. and Corset, J.:
Spectrochimica Acta, 45A, 1015(1989).

(a) Graven, W. M., Weller, S. W. and Peters, D. L.:
I&EC Process Des. Dev., 6, 183(1966).

(b) Tzou, T.Z. and Weller, S. W.: J. Catal,
370(1994).

Thomas, L.C.: “The Identification of Functional
Aca-

146,

Groups in Organo-phosphorus Compounds”,
demic Press, London(1974).



