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Abstract — The heterogeneous decomposition of ammonia on a quartz surface in an inverted, stagnation-point flow
reactor was investigated using a measurement reactor and a numerical model of the reactor. In the experiments, 8 mole%
of ammonia in nitrogen was used and the temperature of an electric heater was set in the range 300~900 °C to heat the
quartz surface where the decomposition took place. Gas temperatures and ammonia concentrations in the reactor
obtained using in situ Raman spectroscopy were analyzed with the numerical model and it was revealed that, depending
on the heater temperature, the temperature of the quartz surface was estimated to be in the range 235~619 °C and the
activation energy of the decomposition on the surface was in the range 10.9~15.8 kcal/mol.
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NH;+M—NH,+H+M (la)
NH,+H—>NH+H, (1b)

3714, M 048 7}~ (carrier gas)t TR SR Yol A 7
k. 7 A 9hg-2] A olUA= 36.5 keal/mol® K1Y
ATH5). Z23d], 3 WA 9kg-2] 23} olA]7F 90 keal/mol ©]
Jolm = ok 1,000 °C7HA AHEEE 1715453 &8t T2 (Metal-
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& ¢ oju]E o]},
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NH,(g) + S — NH,(ad) (2a)
NH,(ad) < NH(ad) + H,(g) (2b)
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Fig. 2. Streamlines and temperature distribution (a) and concentration
distribution of ammonia (b) in the reactor. The numbers on the
contours represent temperature or mole fraction of ammonia.
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2t 71AV3(=8.314 J/mol K), HI8H4]
S5, AEUoke] AR, ke S U HERIG.
B .

folire]

21 W el A=) Qlck. A7 Aol ] 227F Shy-
o] LKL} Eomg 2xlef o]&t xAthF7} IAE o] Fig, 2o
H| w2 QPdE A2EYERIS HoiFur gl o Hofrielx] oF 5~6 mm

A FEs SadEe] WiEo] 34 &% Wt
dojuar S-S ¢ <= Utk 18], Fig. 2be RV Bdle AL
Blod TALSE tE Yool B BXE HoIS=a1 9t} 8 mole%] &
Buol= 3709 T4 FH 9 71A F7= 7k 35
(Annular flow)=Z 375 A9 GEHE 0 mm H3)E Fal £
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7haA w7 kel o 7 shabEth Fig 2 o)¢F 2 RS
FRl WS ARgEhd Mg A oA gRyole] Frt vl
TL AT 5= S 1ol £ AdoM= we712] 4
g wEh 7o) 2Es) fR Yol wE ARE Tl TR,
olgfell = 7] BElS o] 83t TAL Aujola 7] F4A A
o] AvE FEsto] AFelA 92 e} vwsigict.

Ad71e] 571 2 300, 500, 700, 900 °CQ 7490l A2 A3
A7FE Fig. 391 42IsIit). Fig. 3914 Azl 16.8 mm $1xol| b
R 2 e 1A F919e 2 SIS vEkdc) 93e] HE
2 AFoM A& 7] &9l PR o} F(mole fraction)©]
v, 7} Hujck BAJE 02k 22 ek HelE vkt 73],
AE719] &% 7o) 900 °Cl Aol A9H 2] 0 mm)el Tk
7P7FEA A7 veas FALe] o8 ehRyo} w1 @At
ARE & F UthE, 1 mmelA s RESo] §l3ls). Fig. 36141 7]
APde] 2 gt AR AT E TRed] A Ak 3 MeE
AEl] TR, G Yok T 242,331 em™)2t YR Y]
0}(3,335 cm™)2] 2ht Ak AT RRE A @) og3lo] Itk
1831, Fig. 30l YEPA M5 ASR w7 ZE[13-1518 ol
§F EAF AfellA vkg71€] T4l 919 ey 5ol
AXAEL 318k Hhgo] EFER] ok 790 o A
S2 1A Il v (5) FHE 1 S
735-ell dojzl Axr Aotk Fig. 364 A3 AE
el Whg7] BEle] o5 A7 | Yol ek FE
A4 (relative Raman cross-section)?} ¥ HH8-2] 243} oux]&
Table 11 2|53}

2o Fig. 16l YeRd WHg715 AME3lo] 713t hrolo]
et F R AL 4.2~4.3 0]t 14]. 15, Table 161 F2
gk FE AR ARRSE 25 2R A7) L)l Wt 4.00]
A 30784 728k Stk Fig, 3ol ek =% 2A} Avls B
AG71e] £527} 300, 500, 700, 900 °CQ1 7-¢-of] AJedme] L=
7Yz} 235, 378, 504, 619 °CE FHES & F ltt. o5 25 &
Tyole] 725 WA AER =X ¢, ¢heelo] 8 2
% olUx (3,335 em™E 12 w] AREE 2ol el Ho]
7} ol 7FsAE Wik webA, o] gyt 2 a1 o]
AF b FERe A W 7R vk wirkar & 4 glom,
2o et ek A2 AA0) Fhaehe d5S W] BE Y
She Ao gEkA] B/del 711k 2102 HRITH18.

Fig. 3014 714d2] &5 Ad7]e o8 71dE)i= 29 (0 mm
IHDell 7H7ko] ek HAF S7slgl om, A edwellx] ©F 5 mm
olufe] xtelA FASHA Wglelsltt. ol= Fig. 20014 YoMt uh
o} o] Aodw Aol A FTE A= o] P s S50l 7
=]7] wiEo & Azbect T3], Ao AL Yol Fiis
71A AT ZH A= A 7Ae] &5 ule) 7l SoYs
T} A el 77ko] v haA] HAt sholA)= As-g B3l 3t
SREgo] I HA] ¢k G- S| BES o]gato] At o
Yoo 55 B-EE Fig 39 Ao v, Addeld
O Bl g A0 mm IX)el t = ok ol
STt S7keRE Ao oAS5ESI) ol 2 (Annulus flow)®
T8l Aot Algw o R Fu] 7HHA ERilel] ofEl HEgY|
o] A For: A wiito|t) BE, Agdo] 74 F<]
TolA T3] oM PR o} E50] 71 AE)E o) Fdhha gt
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Fig. 3. Ammonia concentration (@) and gas temperature (O) profiles along the centerline of the reactor at different heater temperatures: (a) 300, (b)
500, (c) 700, and (d) 900 °C. The surface reaction was included in the solid line, while no reactions were considered in the dotted line.

Table 1. Values of apparent relative Raman cross-section (ZNH3) of
ammonia and activation energy (Eg) for decomposition rate

estimation
T eater °C) 300 500 700 900
Znm, 4.0 3.8 3.4 3.0
Eg (kcal/mol) 10.9 12.6 14.5 15.8
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ARRE &% A G ~619 °C)ellA] 71AAke] wigo] old 715
e FAEE vk ek, wgha], A7) Qs 71 AdwelA oF
Ko} #af ykgo] QIIAY, oSehA] Xieh dRle® s Eelb
74 (Flow instability)o] 2Asto] 2] (Sweep flow)= 3H 5
AL7F 712 A B2 AR T A9 A oA
RYole] Fr) Ul A5E S 7Fs 30l St

WA, 5 BFdAde] BARE 7FedS AE 2] 8l &
L2 (Sweep flow)= 3aHY A4S 7131, 71A FYUFRlA 7]
Ao A&wel ehnjo} FE oMol Ay A FA6h
otEole] Ewg) ZAAke] &% WS Whsy] FAAS ule) A
A3t Fig. 40l UER 23] A= Fig. 3b9} B]S8 BES
o] 31 AUTHE,,=3.8 AHE, Table 1 7). Z12juh, A4 ¥ (Fig. 4
oA 0 mm)ollA] 2F 5~10 mm AlolelA] #5E dRole] Fi=
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Fig. 4. Ammonia concentration (@) and gas temperature (O) profiles
along the centerline of the reactor. The sweep flow was turned
off and the heater temperature was set at 500 °C. The horizontal
dashed line denotes the mixing-cup concentration in the reactor
(=0.068).
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