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Abstract—Pyrolysis of titanium tetraisopropoxide(TTIP) was studied using batch-type reactor coated with
TiO,. The reaction temperatures were 240, 270, 290, 310C and the initial concentration of TTIP was 2.78 X107
mol/cm®. The contribution of heterogeneous reaction to the pyrolysis of TTIP was more significant than
homogeneous one in the experimental range and the thermal decomposition of TTIP was catalysed by TiO,
coated on reactor surface. Inert gases(Ar, He, N») which were used as reaction atmosphere had no effect
on reaction path or rate of reaction. The reaction was first order with respect to TTIP and the rate limiting
step was the adsorption of TTIP on TiO, coated reactor wall. The rate equation obtained from the batch-
type reactor predicts reasonably the final conversion of the flow reactor.

1. M = Qate] =yl 24 4 glolof wv). A} 2u|PALS

A zshr) s ALEEE TAAE AR A, o

zojdape Ha(bulk) F2F wlws] 2 o, WA A 24, 7|A4EAQ oo 22 2H So] gk

FALA F Ede] =2" dxte] $v Yo o] & ooj2E AL FAHo| d&dy] wFel o

27) o Fof $27e}, 2P/ALL A2l 2R e 2o g4k slslA A gdsich oolzE THE

olest Zeld 5 WA(bulk) B o2 EeH, o)l gated WA ol Aehe] BRzE ALO, SiO,

shaba AdAe Jehdoil, 2], oleldt A9 Hshe TiO; So] glew o} Foll4] TiO7} 7H3 WlEAHolc}
Z0)AHE o] FE Axte 5 F, olate] @7)e| 2 (31

2k whebd AFAUA 2L A7) Slsh A TiO= F3A53te] €1 FdEo] 2w, st

399



400 94 - 3

FE 4] Holt BH & 7T Q7] del ofed 7]
A g2 e S4o] wAFHT 4] £ ievE
2719 TiO AR #helA 3ol A Hod 5+ &
& ehaT5]. TiO, et s akel Al 2ol ol
g ATAE 24 At 28} 34 AshEelch
o % °Liwo sE #E 4% dPd Beewst o
k3 & A S AxE v
FHE ml.z m 2 Aol dFatelmel 714
Baf whso2RE TiO)AHE wHE7] $laf A4 A
4| = titanium tetraisopropoxide (TTIP, AldrichA}, 97
%)olth. TTIP2] -8 whg-& b3 2k

Tl(OC'zH).ﬁ’TlOg + 4C3He+ ZHgo (1)

TTIPe] s uts-& o] &ate] TiOE Hxdh=
AT 19603 eH Y-E] sl 2] ghAlgh Fal WA E A
wtald el A A vk wma AF2A TIPS 2
B vrsEr Aol gt A= BT =3 uh-g-7]of] 4]
s Hi=ul[4, 6-10], BE U)ol A E Fuir|d 9 &
Eoll 9J& Aol FAE] wEel Mol of2igel
w2},

Griffin 5[4]2 2torr o] 32} #gkr] 2=« 4 TTIP
2altbge) WrhZES AFshel TTIPS) afuhgo)
2&o] At Al2go = TTIP 5ol sl 23} 1t
Lol Ae, Aty A9 0z} ubgoleln Ragch
Griffin 5-& vt-gH o g el 5 AHLstsl e, o] 5

olaf A A oksl TTIP2) £4&) w7k &2 7142 TTIP7}
4335 0, 344519 TTIP7) Eef F2ete] et
IR A]= Jr—‘& 710]1:]— Kanai [10]0%] Qﬁ}ﬂd TTIP

) rLO
{o

ir
S LS
apx

2

e

2

ku e

2
£ 8 9

olo r*

2 F‘im Nlo
-

5® %%01 ﬂﬁgﬂrﬁ. *ebo—ol L Hx
3 TiO, A7t Hb-5-7] gk ol Fof
steg whe-&5r) Frhghka 3
C ] e, o] wie] wheAteE dnbEql 71AkE-e
1ol 4] ol 28 4 Qi 137} ohlel 053t B
goich 221} o] TTIPY 7] 4k d B4l uh-g-of 2]l
014 kg% w7} o)zt TiO, R 2oyt vl
Mg s Eolth mah £54 olel2E W3/|E o4
Okuyama S[2]9] Ti0, A z4h-g 3 g=k=27] 9] BAls
ukg-o] Astgo] AHY 1ol 77k, F A A4 T80
e 2704 dojal AHoln#E TTIP ¥3l $E&q
g AREZ grlol= Bl Esicl

uk-8-71 & A}-4-3}od, TiO,

. oX

2 X Re o
olo o
gl

il
—

o
]

aheba] B ol ol A3z 544

d2e A zshe 5§

- ,
o
)
>.
30
r
B
i

H
Ag gleh TTIPS] s wge was dojuq
Mhgol 7] Wil A|ztel mhE el sk HYeA
£2g FarE WA W AF 4 4sbt

38t 28t M333 H4S 199514 8B

Aok Mol Aghsle] A F (constant volume) 3|4
uk-3-7]9) b= W2 e bS58 H A} w3
o] uf deojAl uhg4e *P—rd 43le] 38 ulgr|9]
AAAE o F3hdct

Mo

2 MEEX W wy

- AEER

2-1-1. ;]H)J 3%7]

£ Aol AE-H 324wkl ZA 71A HA e
B8 9] zelal HE7] ¥R e Al #
%] fekA F4=w Fig 13 vk

2 Agel dgEAdE AMgEL TTIPE 371 4
TZ71k FA5A -rsi}“}gg °’°il‘11 3
7137 2AEHE A% TTIPe] dRs) weAsrst &
gpA 22 ubg 7ol fl ¥ 7Ml-°4 ‘41%117} ga}q_
714 Axelels @ATFeldst delst AL Akg3
Arh

u-S7) e g & fo] whal f1gdolw, Ze] 220
mm®] 1 1/2 schedule 40 ~#8)ldl 4 7} o] g A}
a4 AEh W B R YL o] Foldug
Wg7] el LhHEE dold 99 du @
g oA skedeh S9N B2 1A Rl ek ol E
A4 AT, TTIP 3758 F+AS] vk 8kg-7

5‘—_ 1\)./\

ol 9b-g7] wEe] 9938 WAty w3 EwE
FAdstA f2sk7] Aslx €17 38 mme] F23Hpy-

rex)& Abg)akedch ub-grie]l A A H-uli= 233 cm’olaL
g e R AREEE felde] WA 214 am’el
o} whgv]9) sldel= 1%Ee 59 sld7E AR
Hom, whgr]e] Xt Hbg7] wlgo 2 RE] 9em
Hel 258 olo] £1Co WMol A Aot

] K52 v)z|et stzdA 9} ADC(Analog-to-Di-
gital Converter)& %3l A% Z5rel 2 FAsich A
ol Ab2%) o]z graAl 9] 2HE 2= 0-30 psiao] 1
2459 W9E 1-5Velch A]lAax] wHale] it c]
et gty A o] $HEAL o 7|Fukes mdR

obr ZAlgich Bo] 713ukg-& Ak #H3k(step cha-
nge) & 7}A s 12ke] S¢S /MRS o, A
oz HAAE A7+ A4(time constant) ¥ 0.4123%0]
b 2g &AW Ayl AR FHFEHe PCAT &
st7)Zo)q, ADC Alol4 Z2aae ADCe @4 ¥
% =288 gAse] Ab4-shadch

2-1-2. 3& uh-g7]

[o4

Aol 8% 55 Wgle AgHel FHEE
Fig. 29} 2t 5% w8713 2 74 dxje) ¥
A o 2AY, WEE FYE W37, A FAR



TTIPS] G¥-s wegshe 401
Gas in
Gastight Digital
syringe Pressure read—out
Activated Pressure
copper Transmitter
I Valve1 Valve2 G P
D> Gos li
o out Time
m
Silica gel o O
O O =l
O Reactor
PC—-AT
O © (with DAS8-PGA)
I o e Temperature
Heot o Controlier
eater |Of
s}
ooo —b—1ao
Fig. 1. Schematic diagram for batch reactor system.
Syringe
pump
(TTIP)
— <
[1) M
o on
o @
E .8 % Thermocouple
- = L]
£ 0 ~ Line I
heater
[ BN
Sonic Qr to GC
noZZIe Q\ [1encacazasioasiciieavacasniivncioRuencasncnsivnces ] or
Block heater Collection
H Box
Fig. 2. Schematic diagram for flow reactor system.
T4 5ot ojr}. Syringe pumpR Y€l F9l5l= TTIP= 4b714
714 e ¥EE 12" 2HddA 3 FEE A 9} g dAeE sledEl HHEZ B wreslE 49
A gon FAERE ST Ed A7 A a8 "ok FHY exe g4 A e o
A &efo] E 3AE A3, A} £4¢E TTIPY 27]9hE sl F8e ¥
7 frdd &5 kBl osiA AEeA 2= FEo] BT 1% 4 ov £57 #X=HES Jhy
Age] A8 &% 2232 97 4 mm F2]F(pyrex) webr|(12k&4) 110V, 2=t 0-130 V)5 Abg-al A

A ¢ E L ZTE
st ol mhaja
e A7
S fregol 3
ulelm2R UE WHE ARIc)

U322 Fqle] A= syringe pump?] FF7bE
W9l #H4g2 000085 mi/mine] 2 Hdl 1.7 ml/min

g A AR Aol kel
$go) AgAe R W ARye o
A frapel 2 ASE & AnE A

2o 79k oA gt 2o FHEI S

243t

8271 = A2 o] 59 cm, W74 5.25 cme] 2 H Qi A
% sholZoluf, o) Fol Al 7kl e] ol 49 cmolt).
Moo el ool WA 94 W4T 5 ASS
g7]e] Wie) ) F(pyrex) & AFlstalch 247)
o oo =ydos zAsE 340 B szl
slai 4 Fhedgic. 7k 7ked7] 9] Zoli= 15 emo] 2 220V,

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



Bl
Y=g =49

el ke g1 BTN BAE ol Sstol
AYstaa, WSk A4L 98 7he AReiead
ARE 7] SFeA AH ek

2-2. Al

2:21. 354 w7

Wgrle] exsl Qebe Lxel Ewal Fo W
Loz Alestmal sl L84 7)AS 150-200 cm?
/min AT §AOD 52 o4 2EI Telzch u
$719) 37} 233cmiol = wbSs] clelAe) Ed
#7+8 weisiriztE 58 o] FaiFul whe) el
Whg #9712 AHEtRA sk sl ATl Eddch

& A (purging) °o1Fl AR FF Z213E A
A 7ick 71 S ER|wA 1A Z1A Rl Fe]
HE 23 F7Ee] EE o}, db37] W] 7]Al9
o] gl € Foll = di7IgF el S FAlsteF ok
TTIP= syringe® AHgai4] Boape AeFzte] F
geh AHE-3 syringe o 7] Foll e F A A Fod F
TTIPS} Wi7] 39 %717} #3ugg dovn
TTIP &< Foll F7b 7t o d222 AH3
Folop gt

whg-71e) W gk wste e wgo) A vy
Bste, ko) Fop7h WA =4 X} B5 xga
BE FEAR olFel A E7 Fo| WuE WA

oA A7 w F st 7] %%H‘«l B E goiA
thA] 8hS-71E H A gt

B A e v 2472 &2, dF, A4 37
284 7)AE Agstelch AdeTe 2h7 240, 270,
290, 310Co) @, o] of TTIPY x7|F%EE 2.78X1077,
556X10°7, 1.11X107¢ mol/em?& u}ite] 7pma] R4
3t

g, AEAdE A9E Q7)) A ARe vk
718 €3 Je S5
AMEAe] sl& W7z g whEdtl 2E A
2|1 A 7F A" 3EA *’J%?H freldt v o)
TiOell 23] F83] T o o wg&r
Z717F godr A= 2764 3sksdc

292 HE ule7|

3% uh7lelAE ukEgrle] 22E 210Co A 4E
450T7 A M52 7|3, 2 w6l A TTIP2) 49l ek-&
0.02 ml/min®} 0.03263 ml/min& w}3te] 7} A&
o} a3 A7 A § A s, 7k A2 vtE Y 2 (HP

P

sistet H33H HdS 199544 8

T T T T T
1.0 - 4
L @ ]
o
o
08 |- f .
c - .
S 0.6 T
o % |
2
c 04} 4
Q
O

0.2 -— J

0.0 }-

0 10 20 30 40 50
Time(sec)
Fig. 3. Effect of surface condition on decomposition of
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Table 1. Model equations for the non-isothermal batch reactor
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Fig. 7. Comparison between experimental results and mod-
el prediction in flow reactor.
(Inlet TTIP concentration {1: 3.1X10~* mol/cm?,
O: 5.0X 10 "8 mol/cm®, Model prediction —: CSTR,
-+-; PFR, error bars indicate * 10% errors)
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13-7](PFR) 2 7} 813 F012l 2:9} fi-akel tia) 4

97 =& AsHE-e Axshany. Fig 7 o] Aldde
Ayt vmE vehha ok YAA2E A A
29 5% W37)E PFRE 3 4ok

4.8 =

3&4) g8 o] 4-3te TTIPS)
5% 240-310Co| A4 AFA R FAlslg L

7 e A'E Atk

(1) TTIPS} A& W2 APL=isodA F=
27 ukgel & dojrpr, YA TiOw & =&
Axte] e dojRich o] AN wbEr] Wy
oMo B w3t 7)) AN AR Y- o
EFd ubgo] FAlol dojube AoE A

(2) TTIPS] A¥s) ubg-o] AR7SATE 1A}
o, 243} YA 75 k)/moleltt. o] o H&ukAE
TTIPY) TiO,2 ZHH whgr|Heze] FadA ol

(3) ¥ B391712 AHSE B84 1A= Ar, He,
N2, o|5 B84 7|ds whedes AR A%
u]2]7] erge] A=k

(9 & A7l dojzl ubgEnel o3 JRE
TTIP 3] whg-o) &3 TiO, =tAlzel4] TTIP9
vhgAdE s o4 5 AUtk

ARBY|Z2

C4+  :concentration of TTIP [mol/cm®]

Cai :concentration of TTIP in section i [mol/cm®]
Cao :initial concentration of TTIP [mol/cm®]

Cs  :concentration of propylene {mol/cm’]

Cc  :concentration of water vapor [mol/cm®]

D4 :molecular diffusivity of TTIP [cm?/sec]

D.; : molecular diffusivity of TTIP in section i [cm?

/sec]
k : rate constant from experiment [1/sec]
k, :rate constant of adsorption [1/sec]
K; :equilibrium constant for adsorption

K:; :equilibrium constant for surface reaction
Ks, K. :equilibrium constant for desorption

K, :overall equilibrium constant

L : height of reactor [cm]

R, :radius of reactor [cm]

S : effective surface area [cm?]

V  :volume of reactor [cm®]

ya :mole fraction of TTIP [-]

15rast H33A A4S 19954 88

Yao
0i

7.

8.

10.

11.

294 - 7709 - whn

: initial mole fraction of TTIP [-]

: surface concentration( # of sites/cm?)

(A: TTIP, B: propylene, C: water, V: vacant
site)
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