J. of Korean Ind. & Eng. Chemistry,
Vol.5, No.1, February 1994, 1-15

18 E-57

O¥
ux

ZEXT|E

2
ro

‘0l &

Mg 3ot Fojsetat
(19934 129 20 #4)

Temperature-Programmed Desorption under Vacuum Condition

Byoung-Youl Coh, Ki-Hyouk Choi, and Ho-In Lee

Dept. Chem. Tech., Seoul Nat'l Univ., Seoul 151-742, Korea
(Received December 20, 1993)

2 o $&oduhay]4 (temperature-programmed desorption, TPD)2- Zrjjo] B8 JFai=v] u$ &3 AR
sjoleh. Qb0 2 Yerstel A S9SE slol i, T ATEANA Bael Bojel @ TPDARS E5
o % Fo8 AoEo] ol WEAT ek & =TAANE ATHANS TPDARASN S a4 % Age] ekt 4
7§t

Abstract: Temprature—programmed desorption method is a very useful technique for the research of heterogeneous

catalysts. In most cases, the experimental condition is atmospheric. However, recently TPD experiments under vacuum

conditions using powder catalysts give lots of very important results that can’t be obtained otherwise. In this paper, the

interpretation method of TPD results and the experimental technique under vacuum conditions are introduced briefly.
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AN(t) +L=KSp+KVdp/dt (3)
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Fig. 1. Normailzed pressure (P) as a function of
temperature for a linear temperature sweep
(B=2X10°K/sec). First-order reaction with
E=35kcal/mol, v=10"sec™!, and T,=300K
[2].

BAseA o A 55
AlF 3o} gt

g+, Redhead ¥y HH7]i£7} vl w2 o=
AAstel A gt 2o 3
dAAE F dsle, HH7liE7} w"r"‘&@& At
& A (el AFIYR AAH 9FF F9 s
AR ¢ QA "ok o)A f@ SRS 2
249 A2 (T e LelANE wg4re
WAL T Y AZL=(T)A o5 e
HebA He, o]2i@ Holg R Ao} Gtk =, o]
g At A (DelA rg Folok &1 p(t)F &4
& N(1)2 78 9ok 43 wr)4sg 2=
A (D,

szl ol A, ole] Hge

or oy g

dP/dt+P/r= N(1)/0,=g(T)

2 29y Pe p*/p¥ A £ (norma-
lized pressure)o]ch. e7]4 p¥ .= wWl7]&E7} 0

(10a)

o do] Ho s Ehu), Az}etzko] 79
A A=, .
g(T)=vexp—[E/RT+
(wR/BE)T?exp(-E/RT) ] (10b)

of 55 4 (102)% 4 (10b)& FAHHHo 2 4

J. of Korean Ind. & Eng. Chemistry, Vol.5, No.1, 1994



4 EEENEELR

10

R /
o -
g x
E - /
< %
g 10~ - A
i - / E(k cals/mole)
P o
g i . 0 80
] L o 50
. ¥ X 35
L
1012
0 2 4 6
AT o
T, (%)

Fig. 2. Relative displacement of temperature of the
pressure maximum as a function of z/E.
First—order reaction with linear temperature
sweep (A=50K/sec) [2].
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2.5. Peak Shape Index &}
Peak Shape Index+ 3149 H& A9 ule-zj42
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Fig. 4. Theoretical TPD-curve showing graphical

method of calculating the shape index (S)=a/
b, a=35K, b=>55K, T,=512K, T,=555K,
and Ty=>535K [17].
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A5, AFze] Qe Atele 6, 6, L 6,90
T EdA "t 4o Aol AiEiA S9
52 Table 1[17]e] Ao} glrh. o] Felo &
o, & TAEEN = AFEe] d= A o
£ A$AAS Satel & Tl HA RAD, &
EWFEEo e & FHo] B8 ¢ F Utk F,
< 3AAEENME shape index§ o]4-5}of kg
4 olgolE AFAIE FHT § o} e
A S e Aed & 5 S Siidh
NaYe} NiCaY AlgefoleAtos WA F2e) 7
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Table 1. Calculated S, Values for Different Desorption Kinetics

40 50 70 100 oo

Kinetics ©°  Coverage AH/RT values
10 20 30
1w 046,41 0.345 0.422 0.452
1R1 8,=1.00 0.132 0.247 0.287
6,=0.75 0.263 0.352 0.388
6,=0.50 0.328 0.415 0.450
6,=0.25 0.345 0.428 0.460
2W 0<£6,£1 0.562 0.735 0.809
2R2 h=1.00 0.011 0.245 0.349

6,=0.75 0.471 0.637 0.718
6,=0.50 0.585 0.785 0.875
6,=0.25 0.585 0.776 0.859

0.468 0.478 0.490 0.499 0.521
0.309 0.321 0.336 0.348 0.375
0.408 0.419 0.433 0.444 0471
0.468 0.480 0.493 0.504 0.530
0.478 0.488 0.501 0.511 0.535
0.851 0.877 0.909 0.935 1.000
0.404 0.437 0.478 0.510 0.589
0.766 0.797 0.835 0.866 0.946
0.928 0.961 1.003 1.036 1.122
0.907 0.937 0.975 1.005 1.081

1W : first-order without readsorption, 1R1 : first-order with first-order readsorption,
2W : second~order without readsorption, 2R2 : second-order with second-order readsorption[17]

Td3sts, A 578 A1z, 199
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Fig. 5. TPD curves for desorption of benzene from
Nay (1) and NiCaY (2) zeolites, according
to Kharlamov [19].
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2. 6. Skewness Parameter 2f8[8]

Redhead= dxj=hziule-o] A$ didZTAHe g3
2T TASE HdA<l v, ojapgAubo A
o= dAclztz AXYed, olF AHusste %
#3 A o] skewness parametere|® t}&3} zbo] 3
SR

Xip=[(Z"1p+Z" = 2Z,)/ SN ]X 100 (16)

A7V 213 278 gL 1/20] H=
= T'3 T7& 404 44 TH=1K2 v 3
=3y Z T,/T*E %3t} 7o gale g X,
o3t 2ol Aejurt.

o
=
o
p.

X3;4E[(Z’3/4+Z”3/4_ZZD)/AW]X100 (17)

Aol ol dH o ¢ gy W, (Z'+27)/2=7,
olm2 X=00] Huj Salo] vjhAd gt X>0 o]
7t X<0°] "Heh. AA Aol e Xipo] —155~
—17.6 A=) & 7 WAt daete @
T e 3.2~51 Axeld olxetn ¢ + .

Temperature(K)

500 400

30

In(rate)-n In(®)
[
588538

|
IS
S

In(rate)-n In(o®)
oo885833

0.0024 0.0628

1/T
Fig. 6. Plots of [In(-dd/dt)-nIn(@)] versus (1/T)
for simulated TPD spectra with first order

0.0020

0.0016 0.0032

desorption using n=0, 1/2, 1, and 2. Panel
A shows plots using absolute units of rate
(molecules/cm? - sec) and coverage (mole-
cules/cm?), and panel B shows the same
data plotted in arbitrary units of rate and

coverage [20].

2.7. PUK 2 [20]

Parker®} Jones, 22]3 Koelo] 1t uio g
S-SR dol=d ul¢ f-8504 2l
Polanyi-Wigner4] 2 RE-Je) 2 u}Fd,

In(-d#/dt) —nIn(8) =In(v,) —E./RT (18)

M
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Fol e 9714 In(-df/dt) —nln() &
Tel st Aol 2wk 7o) o,
HE TPDRA A7k 2gg de2 3,
S A 2 AP elate] LR ojEgE FA
Yo Aol T $4, E%H%i}r(n)
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, AA 9 ngtuc &
Z2A s, 2
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» A4 7E

ek o 7)o

kel o I e
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o o o 1
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Signal (arb. units)
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Temperature(K)
525 500 475 450 425 400
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Fig. 7. Panel A shows TPD spectra for three cases

0.0022 0.0026  0.0028

of overlapping first order desorption
peaks : (a) peaks at 487K (E,=30kcal/mol)
and 427K (E,=26.33kcal/mol), (b) peaks at
487K and 447K (E,=27.57kcal/mol), and
(c) peaks at 487K and 467K (E,=28.67kcal
]’ B:
5K/sec and equal initial coverages in the two
states. Panel B : plots of [In(-df/dt)-nin
(1/T)
desorption profiles shown in A [20].

/mol), All calculations used y=10"sec"

()] versus for the calculated
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Fole HEEEA ] WeES 7% 5 Yot Fig 8
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A1 A3}eld] Zhou
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gahhg g PJKYo2 ©
S[21]2 o] W& 471 1/2
b R B R oo ad B B S

Fsd8E, A5 Al s, 1994

o]z ol
Temperature(K)
190 180 170
10 T T T
D/Ag(111)
©=0.36ml
n=2
3 N
Es=10.5kcal/mol
2
£
= n=1
i o
3 6k oooo°°° i
© %o
= %o
E %o,
Fn=1/2 engaE ey, %
“uy °o
bl o,
I " o
4 DDQGQGUUUGQDGDD -.' o -
—o o° [s]
n=0 B "a
Tr Bo a
a
2 L R t 1 R ] R i
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Fig. 8. Reaction order plot for deuterium desorption
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[20].
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