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Abstract — By varying various experimental conditions such as heating rate, molar hourly space velocity (MHSV),
and nitridation reaction temperature, vanadium oxynitride was prepared through temperature programmed reduction/
nitridation reaction (TPRN) of vanadium pentoxide and ammonia, and characterization were performed. In order to
investigate the physico-chemical properties of the prepared catalyst, N, adsorption-desorption analysis, X-ray diffraction
analysis (XRD), hydrogen temperature programmed reduction (H,-TPR), temperature programmed oxidation (TPO),
ammonia temperature programmed desorption (NH;-TPD), transmission electron microscopy (TEM) was performed.
Transformation of V,05 with 5 m? g low specific surface area by reduction at 340 C to V,0; showed a high specific
surface area value of 115 m? g by micropore formation. As the nitridation temperature increased beyond that, the
specific surface area continued to decrease due to sintering. The nitridation reaction variable that had the greatest
influence on the specific surface area was the reaction temperature, and the x +y value of VN,O, of a single phase
approached from 1.5 to 1.0 as the nitridation reaction temperature increased. At a high reaction temperature of 680 C,
the cubic lattice constant a was VN. close to the value. At 680 C, the highest nitridation temperature among the
experimental conditions, the ammonia conversion rate was 93%, and no deactivation was observed.
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Ru 5¢] Ae% Sullol ojgk fdst tikke s H4E B30 Qlrt.

o] 5 AE-S dE Yot HA7| = S Sl s}
(Temperature Programmed Reduction/Nitridation, TPRN)-=>
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v AgkEo] MEs ‘E-L*i? Zul| ] iAAEA fF2He FH S
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Programmed Desorption, NH;-TPD) 22} m]7d 124 (Transmission
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5171 $18F¢] Micromeritics®] ASAP 2020 AHg-3ll -196 T2 <
AL 25 spollA AA FaE T8It ] 3H 4L BETA
(Brunauer-Emmett-Teller equation)S A}-&-3}% P/P,= 0.05~0.2 &
A lellA S35k, & 71353 PPy = 0.995¢0141 ] Ha &
2eES- B8l Akt H 7] % 7] (Average Pore diameter,
APD) = ARIHE 7| 0% 7Hd8le] 4 x F7]&5-9]/BET H|3E
20 Z ATt 718713 (Pore Size Distribution, PSD)&
Z 524 © 2 HE] BJH 2] (Barret-Joyner-Halenda equation)S
o] g3l Alitstodct. REgE T} FHAIQ] viut] g ASEEA] V,0;
(Sigma-Aldrich)?] 34 AsE 11783171 8l 4 T84
(H,-Temperature-Programmed Reduction, H,-TPR)S =3 5}81 T},
WA 247k AR 0.1 g& UAF A1 285 HEe7 el T3 A% #
&0l A H-E 300 C7HA] 30 em® min™ €] Ar ¢ 7194 10 C
min! 02 S2AA 1 A AIRS AAesTh 1 F o
28] 32 TA] 10 C min © 2 900 CT7}4] 30 cm® min 2] 5% H,/Ar
FLE]71o|A ARt 7] (Balzers QMS200)E 31 E 7EAE FA1sk
ATk ASHES- S0l AbAs 2-917] stellA] /PY/d-& ERlst At S
A+3}HE-S-(Temperature Programmed Oxidation, TPO)= =3 5}-%)
T} H-TPR ¥ 5 s o7 Axe] 9 58 73313 on
B 714 E5S ©A] 5% Oy/Ar 225t tiA| 39t Yol &
F S 2lalr] 91510 10% NHy/Ar 35 slol|A] gRo} %
- 2H(NH;-Temperature Programmed Desorption, NH;-TPD)-&
Yat3iet. St ol Aol &2 FEl= NH; 27 52 NH (m/e
=15) w4 © 2 ER1I5}5It}. TEM (Transmission electron Microscopy,
TEM) ¥-4-& 9]all AF&-3F 7] 7]3= FEl/Talos_F200X (TEM), Oxford
X-Max 50 mm? (EDS, Mn Ka; hv < 129 eV)°| 32 715 #H2 200
kVo|th TEM w4 o] ARE-8F Al 5= Al Z2st FullE 2% 75 &
E520(99.8% CgHsCH,, Samchun)®ll 50]31, 2332 AR F]
Tk 1%, TEM 2] AR} 9ol 4k ARE S8l 243 %
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B X
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ICP/OES, Induced Coupled Plasma Optical Emission Spectromer,

ICP/OES)E AHE-31 ).
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AREsIGloH, AAES] EElE $18te] 5% 7 (Carboxen 1/8” x
1.8 myS AHEEI o™ M3kg-2 AR Lol Fauk-soA] A E =
s w1l vy Al o7 A olslo] AlksIsit

2 . FHz,formed

Conversion (X, %)==
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Fig. 10l 578 ot Yo} 55 &tellA] V,048] TPRNe| Glof Hhg-
Azt 7 Thol| W WH-S-E T} A Eol| Uist Wt JRE =23k
T V,05 3ol F2E = ehyofe] a3l ofste] A =
FAnghe] WHEO & V,049] $hlel o]ste] A== H,0% 300 C
ol Al=kE] e #E TPRN 22 7% 540 C 7)ol A
&2 07 AW TAIZF o] Foll= njF o g EE vk H07t
YW 27] 25 300 C B} s H<) 430 T F-2olA H,
7} AE =9l o] 2% o] Ao kR ofe] EaENH-g o R A=
Hyt= Bht] AFsHE 9] $helof] B ARE-E o] T o)A #aEA|
WSk A1 07 AR F- o] ARRH A= HW ok ko s 4
=] o A= FA47F 430 TC FE B EAY FUEoA A}
HEg-o] xggol] glo] ZHu 472 F7bel what A AAd ol
7R & 4 Ui

3-2. SIS Z0| 2t MIZXE F0i SMEM

Fig. 2t= V,059] TPRN Hk§- 25 1 3}o] up2 npr]e: Abeks
4 Atshd sheo] A4 sk Aol mE XRD 7s W3k HojF
I QT ARkEQl v,0,9] Y A Eof 713t AbskE 2 v,0,,
V,0;, VO =2.29] 3kl 7haA-& o5 5= Qo ot ot}
V,05 WHg-ofl §lo] TPRN #g] &= F7tel whel XRD o2
V5,05, V,04/ VN0, 9] E3HE, 12|31 500 C o] dellA = &
VN0, o] 2+ 31th(Fig. 29} Table 1). XRD &4 A & %
o7 PHEE VN0, -2 h o} fregel] eI == 515 A7)
Ato] QA RE TPRN RE-g- Z=710] ¢F 500 C ©]4+2] TPRN HH&-
ol QoAM= VN0, & 7k g1ek 5= Slgict.

XRD £4] 02 Tl/do] #EH = VNO, el glof x+y9] &
O 7 YRS 3R V,0,8] 1181 1.5 ollAE] VNG| HIER1 1.0
o2 JAEES I = AArh Y8 Al(face centered cubic,
fee) A7 TE2E ZHE VN 8Hghzol alo] AxPdT a4l acubic)
= dynl W+ I+ 17 = 413916 A (JCPDS No. 35-0758)©. % X115
of otk fec A% FEE ZH= VNIl Qlof o] 23 A4 e
21.56 wt% NO.& TPRN %7} Z7Fstel] uheh VN0, “dell 9lo]

1200 1200
1000 {oee™ "% "000 “e%a, 1000
’\' - | UEDUEUUD;;&EEDEDDDDUUDUDUEEUu,_ <
5 800 e - 800 &
% 1 u”ouu ::M 9
g 600 4 Dnn“n X "0000.0.0.0..—600 -.g
2 {1 o = H.0 o)
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Fig. 1. Evolution of NH; concentration as a reactant, H, and H,O
as products during TPRN of V,0j5 in flowing pure ammonia,
10 L h', with 1 g V,0x.
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717} A=t

u A s | V,0:5 ATAZ 752 899 v,0, oo o] 24l FA 7+
J\J\:i A 2o 2%E 17,59 wi% ©] 3L, VN §H4 A 0|22 Q) A g
- A\ N 28.58 wt% O]t} Table 2014 &418 4= Ql50] 1 A ¥ 31 T
= NR—— N M Vg e Ash L5291 747 ol Pofrl AlgelHE o229l
< e 7 VN 0 29| 37| 27 F v &= 2745 wi%= UERATE o33 B
2 F S " ) 2 Z5E XRD 2AoIA B2 v,0, 43 VN0, 4]

T pe A TE WACINE g1g 4 Aeh
E g e ol SR foe AR TEE 2 AUUE VN HLES
R o S 4139 A[44] 2 XRD #4014 e A& k= VN,0, A4
e L C - :fﬁ:fi: A a g A F50) 152 wi%! VN 750,45 3HEE-0ll A
| . L VOOH (27-0946) 4,098 Ao 2 YEltor, A4 shfafo] SR o E s 2k

T 20 a0 0 o s 7o 0 VNE| Az} A4 gholl 28l Hekdnt. 193 wi% A4 3
7 thota (d S ZH= VN0 14 BFEHEOIA 4138 A& VN 313HE3} FAL6H)
eta (degree) UER T (Table 2).

Fig. 2. XRD patterns of samples obtained after treatment of V,05 TPRN HFS-& -2 W42 A %3 313kE0] 3] A4 ezt =
with pure ammonia by the temperature programmed reduc- — - o

L B o ZHE] o)A H| WA = 7|38y 3 a7

tion/nitridation as a function of reaction temperatures in the 24l A ot E oAl BET nlwRlA, F 71379, Hat713

>

range of 297-680 C in flowing pure ammonia, 3.6 L h! with 7] M3} gloll dist A2l & Fig. 39 =4135F3Itt. TPRNS] A+

0.3 g V05 precursor. A2 ARESE A4S V,058] BIEAAL 5 m? gl AdE] W v
EHAS ZH= 7)Fo] A2 gl AtakEo| ANt R Yole} v &

x fto] A|&2 o7 Frkskal A o & y gho] g o 4 9l = JA wA7 T BAel s A 9 7| eyye] F
ATh(Table 1). A3} &%= F7tel wheh A ghfrego] Hak 57k 7Va 1HoFtt 310 T2 TPRN H ] Fof] XRD #4122 V,0,
of] 2lo] XRD #4215 wt% N °]442] gh& 2ol v,0,2] 4 o] PEE BAEL) v EHEL 92 m? g'0]% 01, 343 °C TPRN
3 =4 FHIR V,0,9F 2 Hhbes AbskE o] A E A ok A $ A5 Hao] v EE A 2= 114 m? g '] @l V,0,
VN,O, &l “o 2 v A3} 27} Skl met 27g7do] e A F7F AT GAE 257t TVl weh AdE )
S7FeHE FR1E 5 AQITE W3l &% 757 CellA 5 A7 5%t UFE HISEH AR A E5A 0 7 2Rk VN Aol HTehs Al A
Aol At = Eekal VN2 o] &4 Ak 53 21.56 2] 2521 757 C A Foli= 20 m? g'¢] FH& 1oy Fiet. v]A)
wt%oll= & PR 19.31 wi%s HERN AL Tk 5735 VN 24 7152 el o3k F 7|3 F-u= A& 0% FUlehv 544 C
S e F Y 7RSS e 2 e e e S Y U A TPRN H2] $ 0.24 cm® g'9] #H31 3hS 2he 5 71559 3k 12
3RS A|7to] A @ st o]2fdt 27 sloll e VN &4 Alefl= A ojm 1 o] %o = v A 7hagl tiEo] T it vlEEA =
ek v A A 9 F 7)) has) viEe] Bt 7] BAE A &A 0 7 Fhashe e veRich F7185-9] ¢ vl

Table 1. Chemical composition and XRD phases of samples obtained after TPRN of V,0;5 as a function of reaction temperature

TPRN Am/m, v H N oP VN,O, XRD
Temp. (C) (%) (Wt%) (Wt%) (Wt%) (Wt%) X y

313 9.42 61.84 0 0.09 38.07 V,0,4
343 12.57 64.07 0.27 1.62 34.31 V,0,
373 15.15 66.02 0.15 1.51 32.47 V,05+ VN0,
403 16.89 67.40 0.17 2.56 30.04 V,05+ VN0,
440 18.83 69.01 0.25 5.36 25.63 V,05+ VN0,
462 21.05 70.95 0.13 8.33 20.72 V,05+ VN0,
495 23.98 73.69 0.22 15.16 1115 0.75 048 VN,0,
520 24.39 74.08 0.10 15.68 10.24 0.77 0.44 VN,0,
544 24.97 74.66 0.05 16.45 8.89 0.80 038 VN,0,
590 25.57 75.26 0.01 17.07 7.67 0.85 0.32 VN,0,
616 25.58 75.27 0 17.53 7.20 0.85 0.30 VN,0,
669 26.09 75.79 0 18.01 6.20 0.86 0.26 VN,0,
696 26.82 76.55 0 18.10 535 0.86 022 VN,0,
757 27.45 77.21 0 19.31 3.48 0.91 0.14 VN,O,

*Am/m; (%) = Mass variation after reduction/nitridation per initial quantity of V,Os.

POxygen (Wt%) = 100 - (vanadium + hydrogen + nitrogen) in wt%.

*TPRN conditions: nitridation time, 5 h at an isothermal temperature with a heating rate, 3 C h™!, flow rate of pure ammonia, 10 L h™!, initial quantity
of precursor, 1.0 g.
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Table 2. Evolution of lattice parameter, a showing face centered cubic for vanadium oxynitrides obtained by TPRN of V,05 as a function of

reaction temperature

TPRN Temp. (C) N (Wt%) d(11DA d200)A d220)A dGIDA d222)A a(A)
VN(35-0758) 21.56 2.390 2.0070 1.463 1.248 1.195 4.139
495 15.16 2.367 2.0477 1.448 1.236 1.186 4.098
520 15.68 2.368 2.050 1.451 1.237 1.188 4.105
544 16.45 2382 2.054 1.453 1.240 1.186 4.113
590 17.07 2372 2.055 1.452 1.240 1.185 4.116
616 17.53 2378 2.059 1.454 1.241 1.187 4.119
669 18.01 2.385 2.059 1.453 1.241 1.189 4.121
696 18.10 2.383 2.061 1.455 1.243 1.189 4.128
757 19.31 2.384 2.063 1.458 1.246 1.192 4.138
Ya(cubic) = dyy I+ +1° determined by linear regression method.
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Fig. 3. Evolution of textural properties of products obtained by the
TPRN of V,05 as a function of reaction temperature. TPRN
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ture with a heating rate, 30 C h'l, flow rate of pure ammo-
nia, 10 L h!, initial quantity of V,05 precursor, 1.0 g.
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403, (e) 462, (f) 544, (g) 616 and (h) 757 C. TPRN was performed in flowing pure ammonia 10 L h! with 1.0 g V,05 at a desired reac-

tion temperature for 5 h.
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