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Decomposition of Sulfuric Acid at Pressurized Condition

in a2 Pt-Lined Tubular Reactor
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ABSTRACT

Sulfur-lodine (SI) cycle, which thermochemically splits water to hydrogen and oxygen through three
stages of Bunsen reaction, HI decomposition, and H>SOs decomposition, seems a promising process to produce
hydrogen massively. Among them, the decomposition of H,SO4 (HSOs = H,O + SO, + 1/2 O5) requires high
temperature heat over 800C such as the heat from concentrated solar energy or a very high temperature
gas-cooled nuclear reactor. Because of harsh reaction conditions of high temperature and pressure with extremely
corrosive reactants and products, there have been scarce and limited number of data reported on the pressurized
H,SO4 decomposition. This work focuses whether the H,SO4 decomposition can occur at high pressure in a
noble-metal reactor, which possibly resists corrosive acidic chemicals and possesses catalytic activity for the
reaction. Decomposition reactions were conducted in a Pt-lined tubular reactor without any other catalytic
species at conditions of 800C to 900C and 0 bar (ambient pressure) to 10 bar with 95 wi% H>SOs. The
Pt-lined reactor was found to endure the corrosive pressurized condition, and its inner surface successfully
carried out a catalytic role in decomposing H,SO4 to SO, and O,. This preliminary result has proposed the
availability of noble metal-lined reactors for the high temperature, high pressure sulfuric acid decomposition.

KEY WORDS : Thermochemical cycle(& 8}8tx}o]=), SI cycle(SI #-o]&), HySOs decomposition( 34t
&), Pt-lined reactor(Pt 2}°]d WF-S-71), Pressurized reaction(”}4vH-S)

1. M = A& v g oA 44| (energy carrier)= 7]t
o) EaY'S = = 2~ |

oﬂﬁ_ﬁxl-ﬂ %%Ei/\]’%?"]%?i%ﬁ%%m Q»ﬂ Mq' T—J—(HZ)L Ti 1’§]’ 7Hzi Xﬂ,}_

H1 goy & Raj& Alxsh= Aol Bl 87 3

T ) — sHAQl e s HrhEa gl &9 1 &3l =

Correspondlng author : hklm@klst.re.kr _)’:i% %ET‘E‘ Ho]—]g% _/,:E_ﬂ' %ﬁ, §]»E__ﬂ‘ ]_ l—“____ ?:]_

[ A4 2011131 4L 2 2011217 AAZEL : 2011218 ]

Trans. of the Korean Hydrogen and New Energy Societ(2011. 2), Vol. 22, No. 1 51



Heat Heat

wo M
? HI

S0, + I+ 2H,0
| 120°C
H,S0, + 2 HI

H,S0,

H,S0,
°, | 850°C
%0, + SO, + H,0

2 HI
450°C|  °
I+ H,

S0, Heat

H,S0,

decomposition Bunsen Reaction HI decomposition

Fig. 1 Outline of SI thermochemical cycle.
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- VHTR: very high temperature gas-cooled reactor
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Fig. 5 Schematic diagram of bench-scale process for pressurized
H,SO4 decomposition experiment.

1. HxSO4 feeding pump, 2. Evaporator. 3. Preheater, 4. HoSO4
decomposition reactor (Pt-lined tubular reactor), 5. Gas-liquid
separator (condensing column), 6. Trap with aqueous H>SOs4 7.
Sampling bottle with aqueous I/KI, 8. Gas washing bottle
with aqueous KOH, 9. Dry gas meter
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Fig. 6 Catalytic activity of commercial-grade P/ALOs for H,SO4
decomposition : GHSV for 2.0 wt% Pt catalyst = 68500 +
1700 ml/g cat-h.
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Fig. 7 Extent of H,SO, dissociation to SO, (top) at a mean
reaction temperature (bottom) in a Pt-lined reactor at the
ambient pressure with various H.SOs4 feeding rates.
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Fig. 8 Effect of H,SO, feeding rate on the SO, production
rate: Superficial linear velocity, Vi=outlet gas flow rate/inner
cross-sectional area of reactor tube (cm3/s~cm2), Space velocity,
Vs=outlet gas flow rate/Pt-surface area (cm’/s-em” of Pt-surface
area).

20g/min =& Wi ¥hg-2 =7} 850C .t}
SO, #gH&-0] 70% oo Ueh} &
719] Pt Ho] FAhis] Fuig s Fite dt

o oly
AN gt i
N
)
of
il
4,
"
r>~
o2

w
&

o - 2
rlot

o

k1

ol

[

o

.,

> &
N e =
ije}
%E RS
C oo B
NP
T
ﬁlmﬁrﬁoﬂﬁ_“
stEeth
N ) ol
E Og%r‘ﬂ%u&
o a0
Lo Ee
>_A_40ll£_ﬂ,r\—&-:_|_l
IOE—X‘IJ_EF—‘_‘OW
e (o3
e e
Jiﬂ[ﬁrlo
T
¥Q el AN e

bu
T

o2 ol
=2
o
o
ox
i,
S
lo,
N
—_&4
Hz
&
Wl

o 0Q
7]
g
@

=435t Apket SO, MEHE > Y
I/KI &9 AgHo= ZARS0, H3
AR oz AA e ol& SO, F571&
Wk 7)AIS =T} wEo wet ]l wiE
= Ol 8 F717F sk wlEEAY B SO,
_/F

o]

0

(¢

7oA k3] F4E A 2 SO7F Opell &3t
dry gas meter= T4 S7] Wit o2 F4%

o odg ool o 2

Trans. of the Korean Hydrogen and New Energy Societ(2011. 2), Vol. 22, No. 1 55



U (kcalfh.C.m?2)
o o= @ BB o8 8B B
fan [} [ fai) — fai) L) =
-

-

I

I

oe

T

T

I

.

-

[

0 20 40 il 80 100
H,S0, Feed Rate (g/min)
Fig. 9 Prediction of an overall heat transfer coefficient, U,

through the Pt-lined tubular wall in H,SOs decomposition reaction
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