DESCRI PTI ON PROCESS FOR PRODUCI NG H GH PURI TY SULFURI C ACI D

Technical Field 5 The present invention relates to a process
for produci ng high-purity sulfuric acid which is suitably
usabl e for a sem conductor device-fabricating process. Mor e
specifically, the present invention relates to a process for
produci ng high-purity sulfuric acid, from 10 whi ch net al
constituents and sul furous acid gas (sul fur di oscdeg6Stherr])
as inpurities have highly been renoved. Background Art

In the processes for fabricating sem conductor 15 devi ces,

I norgani ¢ chem cals such as al kal] aci ds, and '
sol vents such as al cohol s and ﬂﬁéé%I?&F%@sNare used for tﬁreggﬂlrgose

of etching, cleanin hi | i ' .
at o1 s PROCESHOFGS: VEOBPCTHE| BieHst R EEY OGRS Aaiar i ng i h the

20 ~ course of processing thereof into devices; in the sane
nmeani ng in the description appearing hereinafter). As t he
large-scal'e injeqrated GiLguts (LSIs) to be

5 The present invention relates to a process for

producing high-purity sulfuric acid which is suitably
usable for a semiconductor device-fabricating process.
More specifically, the present invention relates to a
process for producing high-purity sulfuric acid, from
10 which metal constituents and sulfurous acid gas (sulfur

dioxide, $0,) as impurities have highly been removed.

Background Art
In the processes for fabricating semiconductor

15 devices, inorganic chemicals such as alkalies and
acids, and organic solvents such as alcohols and
ketones are used for the purpose of etching, cleaning
or washing, peeling operations, etc., for wafers
(inclusive of various states of wafers appearing in the

20 course of processing thereof into devices; in the same
meaning in the description appearing hereinafter). As
the large-scale integrated circuits (LSIs) to be
fabricated through these semiconductor device-
fabricating processes are caused to have a higher

25 density and a larger scale of integration, various

kinds of contaminations come to affect the yield,
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fabricated through these sem conductor device- fabricating

processes are caused to have a higher 25 density and a | arger scale
of integration, various ki nds of contam nations cone to affect
t he yield, 1

SCC 96- 06 quality and reliability of the resultant products of
t he sem conduct or devices. Accordingly, the chem cals per se to
be used in the sem conductor-fabricating process@s 9evEs al so
been required to contain smaller 5 anounts of inpurities and to
have a purity as high as possi bl e. I n general,

Lochni ques. (SEUALAEToRPaTF bfabLLEEY 6F the masyicagy RECHAEETRY, 0 "0
they also redyhtesedfcopductor GEFLLY. (Bl ORBEALHBASCLOE ! he

pur pose of nNg of connectling t él enent  t echni ques,

. e., per s@Pe6abkORSed Ofn I €D Vd dldh SEHd RMDKIFABY iehtgAGL am nati ons
produced by the processing based on the respective el enent a
techni ques, byrdeesebsPhuseCalsaMeéds rdquired to cohtalinabmaRass.
Accordingly, I'n the sem conductor- fabricating processes,

"cl @ani ng" i samounss b@ndmpenities and to have a purity as high as

possible.

In general, the semiconductor-fabricating processes
include many element techniques (such as oxidation,
film growth, and etching), and they also require

10 cleaning (or washing) operations for the purpose of
linking or connecting these element techniques, i.e.,
operations for removing various kinds of contaminations
produced by the processing based on the respective
elemental techniques, by use of physical and/or

15 chemical means. Accordingly, in the semiconductor-
fabricating processes, "cleaning" is a most fundamental
and essential technique.

In the semiconductor-fabricating processes,
sulfuric acid is sometimes used as a component

20 constituting a cleaning liquid for cleaning silicon
wafers, e.g., for the purpose of resist stripping, or
for the purpose of removing organic contamination or a
(minor) metal contamination by oxidation, etc.

However, when a metal constituent as an impurity is

25 present in the above sulfuric acid, there can be posed

some problems such that the electric characteristics of
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and essential technique. In the sem conductor-fabricating

processes, sulfuric acid is sonetines used as a conponent 20
constituting a cleaning liquid for cleaning silicon waf ers,
e.g., for the purpose of resist stripping, or for the purpose
of renoving organic contam nation or a (mnor) neta

contam nati on by oxidation, etc. However, when a neta
constituent as an inmpurity is 25 present in the ab8v@ %eHGaric
acid, there can be posed sone problens such that the electric
characteristics of 2

SCC 96- 06 t C t erl.Qr d, and the
per f or mances gPetﬁg°¥gSE?%§§§Xde€f%% éﬁ%ﬁggé%géq;%ﬁggd 2 8he Furt her,

when Su'fur0uieé%bgwgﬁée@sofnthgpﬁééﬁYEéﬂ% device are Bl@s@ibrafegVch
sul furic acid; problens simlar to t hose as descri bed above can

be posed. Aceqr@hBgl Ywhen sulfuroush&idildas ids aq dmiparbeyuded in the
sem conduct or - fabricating process is required to have a | ow

et al prese@lsint sa6h sabfenic adcid, gxobdldmsasimillaw $ol f ur ous
acid gas concentration. However, a process for
5 those as described above can be posed. Accordingly,
the sulfuric acid to be used in the semiconductor-
fabricating process is required to have a low metal
constituent concentration as well as a low sulfurous
acid gas concentration. However, a process for
10 producing of such high-purity sulfuric acid which can
provide a product satisfying the above-mentioned
requirements and can also be conducted efficiently from
an industrial point of view has never been found yet.
An object of the present invention is to provide a
15 process for producing high-purity sulfuric acid from

which metal constituents and sulfurous acid gas as

impurities have highly been removed.

Disclosure of Invention

20 As a result of earnest study, the present inventor
has found that the combination of a specific liquid
temperature at the inlet port of a circulating pump and
the liquid transport conducted by such a circulating
pump may effectively suppress an increase in the level

25 of metal impurities contained in the resultant sulfuric
acid, and that such a combination is extremely
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10 produci ng of such high-purity sulfuric acid which can

provi de a product satisfying the above-nenti oned requirenments

and can al so be conducted efficiently from an industrial point

of view has never been found yet. An obj ect of the present

I nvention is to provide a 15 process for producing high-purity

sulfuric acid from whi ch netal constituents and sul furous acid

gas as i mpurities have highly been renoved. SCC 96-06

Di scl osure of Invention 20 As a result of earnest study, the

Fresegt I nvent or has found that the conbination of a specific
I qui tenperat ure af et [ a circulatin u and

the liquidt rgrfIgSSH'V%oﬁlauc Jde%lnirﬁhé g%?%%%bgte%tt' gpgnpnpnay

effectively suppr@ﬁ% ?ﬁo ﬁgéeﬁéf fb&JEi4§“ﬁithE§rlty sulf9§1895@id

I mpurities containe e resul ant s uric acid, and that
such a conbi ngti8RdkiAge¥sr €8 Yresent invention is based on the 3
SCC 96- 06 effecti've in achieving the above object.
The process fabopeodiist8gehy JindUsdihprsadduric acid according
to the present invention is based on the

5 an absorption step of causing water to contact

sulfuric acid anhydride in a gaseous state which may
possibly contain sulfurous acid gas as an impurity, so
as to cause the sulfuric acid anhydride to be absorbed
into the water, thereby to provide sulfuric acid;

10 a stripping step of subjecting the sulfuric acid to
stripping by use of air, thereby to separate and remove
the sulfurous acid gas in the sulfuric acid; and

a transport step of subjecting at least a portiomn
of the sulfuric acid to liquid transportation by means

15 of a circulating pump;

wherein the temperature of the liquid at the inlet

port of the circulating pump is 0 - 30 C.

Brief Description of Drawings

20 Fig. 1 is a block-type flow chart schematically
showing the structure of an example of the apparatus
for producing high-purity sulfuric acid, which is
usable for conducting the production process according
to the present invention.

25 Fig. 2 is a block-type flow chart schematically
showing the structure of the apparatus for producing
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above discovery and conprises: 5 an absorption step of causing
wat €r to' contact sul furic acid anhydride in a gaseous state

whi ch may possi bly contain sulfurous acid gas as an inpurity,
SO as to cause the sulfuric acid anhydride to be absorbed

into the water, thereby to provide sulfuric acid; 10 a
stripping step of subjecting the sulfuric acid to stripping by
use of air, thereby to separate and renove t he sag fae-dés aci d
gas in the sulfuric acid; and a transport step of

subj ecting at |east a portion of the sulfuric acid to liquid

transport at . I
wherein theI tgh%b%r§$€$€y ke Sjt%““rcu q'aucllgIf gtas %ﬁ.oﬁrﬂ Iiﬁll BagPHIP Wthhp rt of the
circul ating pEIpeh Sy 1ncf$?é§”%}ﬂéat e ch nger dlSEBb@B Bgepeintion of

Drawi ngs 20 Is a blo type flfow chart schematically

show ng the_struc§y§e 9f1é”h‘B@HHHJ%y%E Eﬁ%waﬂhakﬁtbahematlcally for
produci ng high-purity sulfuric acid, which is usabl e for

conducting t hehew OflgCtheNs PracEse A Qiridith@r example of thethe present
I nvention. 25 Fig. 2 is a block-type flow chart schematically

sho®i ng t he sappatates ofot her apmireg Usidlopuricgueuaguric acid,
4
which is usable for conducting the production process

according to the present invention.
Fig. 4 is a block-type flow chart schematically
showing the structure of the apparatus for producing
10 high-purity sulfuric acid as shown in Fig. 2, which

further includes a heat exchanger disposed therein.

Best Mode for Carrying Out the Invention
Hereinbelow, the present invention will be
15 described in detail with reference to the accompanying
drawings, as desired.
(Process for producing high-purity sulfuric acid)
Fig. 1 is a flow chart schematically showing the
structure of an example of the apparatus for producing
20 high-purity sulfuric acid, which is usable for
conducting the production process according to the
present invention. In this Fig. 1, the reference
numerals show the following items, respectively. 1:
sulfuric acid anhydride in a gaseous state, 2: water,
25 3: high-purity sulfuric acid, 4: circulating pump, 5:
absorption tower, 6: aqueous sulfuric acid, 7: crude
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SCC 96- 06 hi gh-purity sulfuric acid as shown in Fig. 1, which

further i1ncludes a heat exchanger disposed therein. Fig. 3
is a block-type flow chart schematically showi ng the structure
of another exanple of the 5 apparatus for producing high-purity
sul furic acid, whi ch is usable for conducting the production
process according to the present invention. Fig.
4 is a block-type flow chart schematically showsog vbeo6
structure of the apparatus for producing 10 hi gh-purity sulfuric
aciﬂ as shgmn in Fig. 2, which further includes a heat
exchanger |spo ed there de for Qut the
Idnvent 1303 uWifuric”ach ke Péi ﬁBEFBanhEOVb?%’S Ffvetl* o ‘be 15
escribed in t ai.| rence.,to
drawi ngs, as §-5|Pﬁﬁt exc£§ Se% ?8Pr%%£§%f%€qﬁgQQ§h§g&§ hréh ﬁurrty
sul furic acrdh4‘ Fig. 1 is a flowchart schematically show ng
t he structure of an exanpl e of the apparatus for producing 20

hi gh-purity SU|fU@é%e@%hﬂ wBi phgl, S1Usahl SuéPran embodiment,C@&h@ucting the
producti on process accordrng to ? pr esent invention. In this

Fig.s 1, the refigean@ity sulfuric aumarats;; s oprddiecdd | firmm rtdhel t ens,
respectively. 1:
sulfuric acid anhydride (1) in a gaseous state which
can contain sulfurous acid gas as an impurity, and
water (2). This production process includes the
following steps (a) to (c). In the present invention,

10 the temperature of the liguid at the inlet port of the
following circulating pump (4) is 0 - 30 C. On the
other hand, the temperature of the liquid to be
supplied to the following stripping step may preferably
be 60 - 180 C.

15 (a) Absorption step: a step wherein, in absorption
tower (5), the aqueous sulfuric acid (6) diluted with
water is caused to contact the sulfuric acid anhydride
(1) in a gaseous state so that the sulfuric acid
anhydride (1) in a gaseous state is caused to be

20 absorbed into the aqueous sulfuric acid, thereby to
obtain the crude sulfuric acid (7) which can contain
sulfurous acid gas as an impurity;

(b): Transport step: a step wherein at least a
portion of the above-mentioned crude sulfuric acid (7)
25 is supplied to the following stripping step, and

wherein liquid is transported by means of the
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sul furic acid anhydride in a gaseous state, 2: water, 25 3:

hi gh-purity sulfuric acid, 4: circulating punp, 5: absor ption
tower, 6: aqueous sulfuric acid, 7: crude

5 SCC
96- 06 sulfuric acid, 8: stripping tower, 9: air, 10: cooler
11: heat exchanger, 12: circulating tank, 13: vent, and 14.
air. Referring to Fig. 1, in such an enbodigmntgeide 5

hi gh-purity sulfuric acid (3) is produced fromthe sul furic
acid anhydride (1) in a gaseous state which can contain

sul furous acid.,gas,as.an inpurjty, an water (2). This

product i on prﬁﬁgggl?ﬁ%?%d%ég#k&ggc Y f ol | owi ng steés)(a) to (c). In

the present inventjon, . he t e of 1 h b QU t th
inlet port of thetép' Stg{bpln?cﬁﬁ%gﬁﬁb clircu %#%%8'pﬁhp§f£§ﬁﬁég%a- 30e

[err]C. On thegyer fS), the B Hgde hANEuARE d8RP]Ht Whechf hhbepééfguid to be

supplied to the follow ng stripping step may preferably be 60 -
180 [err]C. dbpplied from tH&)aBsmidtiibreideRranspber vbepein, in
absorption tower (5), the aqueous sulfuric acid (6) diluted
wth is subjected to stripping by use of air (9) so that

the sulfurous acid gas contained in the crude sulfuric
acid is separated from the sulfuric acid to be removed,
thereby to obtain the high-purity sulfuric acid (3).
(Absorption process)

10 The absorption process in the present invention is
a step wherein in absorption tower (5), the aqueous
sulfuric acid (6) diluted with water is caused to
contact the sulfuric acid anhydride (1) in a gaseous
state so that the sulfuric acid anhydride (1) in a

15 gaseous state is caused to be absorbed into the aqueous
sulfuric acid, thereby to obtain the crude sulfuric
acid (7) which can contain sulfurous acid gas as an
impurity.

The above-mentioned sulfuric acid anhydride (S0O,) in

20 a gaseous state as a raw material is not particularly
limited, but may preferably be one having a sulfurous
acid gas (S0O,) content of about 100 wt. ppm or below
(more preferably, about 10 wt. ppm or below) in view of
easiness in the removal of an impurity. A commercially

25 available product can generally be used as such
sulfuric acid anhydride, but the commercially available
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water is caused to contact the sulfuric acid anhydride (1) in a

gaseous state so that the sulfuric acid anhydride (1) in a
gaseous state is caused to be 20 absorbed into the aqueous

sul furic acid, thereby to obtain the crude sulfuric acid (7)
whi ch can contain sul furous acid gas as an inpurity;

(b): Transport step: a step wherein at |least a portion of the
above- nentioned crude sulfuric acid (7) 25 IS suppkcedoé-o0é he
followi ng stripping step, and wherein liquid is transported by
means of the 6

SCC 96- 06 culati.n

Stripping st¢691§35é8pa§hérgp ydrﬂd§$€$%%f%% égHLains 5“;ﬁﬁ§ﬁgﬁ fgég)éhe
crude sulfurléggc&g gg)?ﬁggggpggsggg@g 10 _i%?%JgTe§#gglled fromthe

above-nmention transpo _ to stripping by use
of air (9) so thahe water (2) t&MBeSWddriss aGid riA@eGaNt @ogedned the

crude sul furic acid is separated fromthe sulfuric acid to be
renoved, with thet BB6OBYmMEALO6hed NslihEuhi@hadid idnhydlider i(sogri d (3).
(Absorption process) 10 The absorption process in the present

inveéntion i S may preferably be so-called ultra pure water. The
ultra pure water to be preferably usable in the present
invention is a product which has a resistivity of 18 MQ
‘cm or more, a number of particulates of 10
particles/ml or less} a chlorine concentration of 0

10 ppm, and a number of bacteria of 10 colonies/ml or
less. With respect to the details of such ultra pure
water, for example, Yasutaka BAN, "Silicon LSI and
Chemistry", page 101 (1993), published by Dainippon
Tosho may be referred to.

15 As the above absorption tower (5) for causing the
above-mentioned sulfuric acid anhydride to contact the
water, it is possible to use an usual item such as
packed tower. It is preferred that the above
abgsorption tower is filled with a filling material such

20 as Raschig ring.

In this absorption step, for example, it is
possible that the sulfuric acid anhydride in a gaseous
state is supplied from a lower portion of the
absorption tower (packed tower), and the ultra pure

25 water is supplied from an upper porion of the
absorption tower, and both of these materials are

8



a step wherein in absorption tower (5), the aqueous sul furic

acid (6) diluted with water is caused to contact the sulfuric
acid anhydride (1) in a gaseous state so that the sulfuric acid
anhydride (1) in a 15 gaseous state is caused to be absorbed into
t he aqueous sulfuric acid, thereby to obtain the crude sulfuric
acid (7) which can contain sulfurous acid gas as an I mpurity.
The above-nentioned sulfuric acid anhydride (SO err]) in 28CC 96-06 a
gaseous state as a raw material is not particularly limted,

but may preferably be one having a sul furous acid gas (SOerr])

content of abul,1A0cKl coRPILLIe L8 Whner in the adslRpRiBhCteyably. about

10 wt. ppm or easli ness in the renoval of an

inpurity. A cenRigl akby tB8 purpose &¥atdmlihdrduchl¢arogenaeally be
used as such sul furic acid anhydride, but the commercially

avai | abl e gas, it is also possible to supply air/ from a lower
SCC 96- 06 sul furic acid anhydride usually contains sul furous
aci d portdas bfi @heaabsotpoiombooiwed 0 -Inl@GAditioppmit is
The water (2) to be used as a raw material together
5 also possible to supply sulfuric acid, which has been

recycled from a transport step as described
hereinbelow, to the absorption tower used in this
absorption step so that the sulfuric acid and the above
ultra pure water are put together, and then the

10 resultant product is caused to contact the sulfuric
acid anhydride in a gaseous state.
(Transport step)

The transport step in the present invention is a

step for supplying at least a part of the crude

15 sulfuric acid (7) obtained in the above-mentioned
absorption step to a stripping step as described below.
In this step, liquid transportation is conducted by
means of a circulating pump (4). In the present
invention, the temperature of the liquid at the inlet

20 port of the circulating pump (4) is required to be 0 -
30 C, but may preferably be 20 - 30 C.

If the temperature of the sulfuric acid at the
inlet port of the circulating pump is below 0 C, the
viscosity of the liquid to be transported is increased

25 so as to lower the efficiency of the transportation,
and further, the removal of the sulfurous acid gas

9



wi th the above-nentioned sulfuric acid anhydride (SO err]) 5 may
preferably be so-called ultra pure water. The ultra pure water
to be preferably usable in the present i nvention is a product
which has a resistivity of 18 Merr] cmor nore, a nunber of
particul ates of 10 particles/m or less, a chlorine
concentration of 0 10 ppm and a nunber of bacteria of 10

col onies/m or less. Wth respect to the detailscofosumh ultra
pure wat er, for exanple, Yasutaka BAN, "Silicon LSl and

Chem stry", page 101 (1993), published by Dai ni ppon Tosho may

be referred to. 15 e t.he ahqve sSar pt for
Cﬁusi ng the Becomes dlfgb%\%t—' heﬁz??‘o 5 %a}efruﬁ%él%dc%%gn%gg?%tgéé%o cont act
t he _ Lt.l Sible to.u ' S

packed tower. tFFIB?ES:g%% e?#%%lg?%a%@toﬁé gg’o?/g aBS%HPé 11'ﬁﬂanbassglgér}‘iai?lon t ower

is filled wtRogskiblbRY FBLEIES8b1P4ENErctY) the metalda®oRasshugihyng.
In this absorption step, for exanple, it is possi bl e that the

sul furic aci degehyditcd@ating PagseoUsto the sulfuri®t alkdd|,saadppheed from a
| ower portion-of the absorption tower (packed tower), and the
ultsa pure 2boncentratiahestishsupptakddnsmtarenipper tper i(bagbf t he
absorption tower, and both of these naterials are
8 purity) sulfuric acid as a resultant product can be

increased.

The method of controlling the temperature of the

liquid at the inlet port of the circulating pump (4)

10 within the above-mentioned range is not particularly
limited, but, for example, it is possible to adopt a
method wherein a cooler is disposed at the inlet port
of the circulating pump so as to cool the sulfuric
acid. Further, the method of measuring the temperature

15 of the liquid at the inlet port of the circulating pump
(4) is not particularly limited, but it is preferred to
use a thermocouple-type thermometer using a well
comprising Teflon (tetrafluorcethylene) or quartz
glass, etc, in view of the prevention of the metal

20 contamination.

In the present invention, it is further preferred
that the temperature of the liquid to be supplied to
the stripping step is 60 - 180 C (more preferably, 80 -
120 C). wWhen the temperature of the liquid to be

25 supplied to the stripping step is below 60 C, there can

be caused an inconvenience such that the effect of the

10



SCC 96- 06 caused to contact each other in the absorption
tower. Herein, for the purpose of renoving the sulfurous acid
gas, it is also possible to supply air froma | ower portion of
t he absorption tower. In addition, it is 5 al so possible to supply
sul furic acid, which has been recycled froma transport step as
descri bed her ei nbel ow, to the absorption tower used in this
absorption step so that the sulfuric acid and the above SCC 96-06ultra
pure water are put together, and then the 10 resul tant product is
caused to contact the sulfuric acid anhydride I n a gaseous

state. Trans step I n
the present i rﬁf’err‘hpp(d‘r?q &l %%rl%’plng %:owe krje%?ﬁ‘)%%—y I'ng %iﬁqceégltsﬁ a Bart
of the crude sulfurou%macli'a' %ngméz}:so?{} dfﬁf‘fﬁﬂec aRAEFEent i oned

absorption stép to a stripping s escri In this
step, |iquid tyRNSROAIAINAN ProdaeRdUCbgdtRY other hand, WRANXHY a

circulating punp (4). In the present i nvention, the tenperature
of the liquid z8ovd@&dmetatuz® exceeds ROt ‘Wf ﬂhhel@adchbatheghpuﬁp (4) is
required to be 0 - 30 [err]C, but may preferably be 20 - 30
[err§ C. exchanger atf thke indepepattr efotheheisaiXaking guinp dts t he

inlet port of the circulating punp is below O [err]C, the
liable to become too heavy. In other words, it is

possible that the capacity of the heat exchanger is
required to be extremely great, and the resultant
(thermal) profitability becomes poor. The method of

10 controlling the temperature of the liquid to be
supplied to the stripping step within the above-
mentioned range is not particularly limited, but for
example, it is possible to adopt a method wherein the
sulfuric acid to be supplied to the stripping step is

15 heated by means of steam or a heater such as those
utilizing an electric heater; a method wherein the
sulfuric acid (to be supplied) to the stripping step
and the sulfuric acid at the outlet port of the
circulating pump are subjected to a heat exchange

20 operation (Fig. 2); etc. Particularly, the latter
method using the heat a exchange operation as shown in
Fig. 2 is preferred in view of the thermal
profitability.

Further, the method of measuring the temperature of

25 the sulfuric acid to be supplied to the stripping step

is not particularly limited, but it is preferred to use

11



viscosity of the liquid to be transported is increased 25 so as to

| ower the efficiency of the transportation, and further, the
renoval of the sulfurous acid gas 9
SCC 96- 06 becones difficult. On the other hand, when the above
tenperature exceeds 30 [err]C, it is possible that a netal

constituent is dissolved fromthe nmetal constituting t he
circulating punp into the sulfuric acid, and the 5 SCoOng@&nl s ati on
of the metal constituent in the (high- purity) sulfuric acid as
a resultant product can be I ncreased. The

L1 TN SR Aot et o et
abOVe-nEntiOnq@f&%gggFg%rggiggg%égﬁyi@ﬁéy or qu%ﬁﬁﬁ]gléésqikﬁég byt, for

exanple, it is possible to a _ od wherein a cooler is
di sposed at tRgeknNb®t tBR brevention of €le lMetLl rdoflitainiM@tAYHR SO as to

cool the sulfuric acid. Further, the nethod of neasuring the
tenperature 15 1In the @kahBPoktqstep ain ttiee iemieidipenit ak shewai daul ating
punp (4) is not particularly limted, but it is preferred to

use 5 t her nocaipl.elt,ypt fleestoaepertiisnngf athveldrude sulfuric acid
is supplied to the stripping step, but the remainder
portion of the crude sulfuric acid is recycled to the
absorption step.
(Heat exchanger)

10 : The heat exchanger to be used in the production
process according to the present invention (e,g., in
the embodiment as shown in Fig. 2) is not particularly
limited, but may be one which is appropriately be
selected from those known in the art (such as heat

15 exchangers of shell-and-tube type, double pipe-type,
liquid film-type, coil-type, fin-type, etc.). Among
these, the coil-type heat exchanger comprising quartz
may particularly preferably be used in view of heat
shock.

20 (Stripping step)

The stripping step in the present invention is a
step wherein, in the stripping tower (8), the crude
sulfuric acid supplied from the transport step (7) is
subjected to stripping by use of air (9) so as to

25 separate and remove, from the sulfuric acid, the
sulfurous acid gas which can be contained in the crude

12



conprising Teflon (tetrafluoroethylene) or quartz gl ass, etc,
in view of the prevention of the netal 20 contam nati on.

In the present invention, it is further preferred that the
tenperature of the liquid to be supplied to the stripping step
Is 60 - 180 [err]C (nore preferably, 80 - 120 [err] C). Wen the
tenperature of the liquid to be 25 supplied to the stripping step
is below 60 [err]C, there can be caused an i ncoggengehgg® such
that the effect of the 10

SCC 96- 06 stripping in the stripping tower becones

I nsufficient, ; . Jan urous .acid gas.,.renai.ns in.the.sulfuric
acid as Sulfurlfhgc%géu??%ﬁ%g%r%ﬁhﬁﬁka%ﬁfﬁﬁﬂg7ﬂﬁ{étyh5H&,uﬁﬁgn t he
above tenperatusg x§ggeds 120 [err]C, the load to the heat 5 _
exchanger at the inlét port of the circulating punp is | i able

to become too heayy. the 8tReppyRG dSowdt, I5S: is possible RBSfkBl epkhat the
he heat exchanger is required to be extrenely

great, and thehiehulikaBhe same as the (dbEdrPd oD fwielrakvhlichy hegcomes poor.

capacity of t

The net hod of
5

10

15

20

25

10 controlling the tenperature of the liquid
been described in the explanation of the above-

mentioned absorption step. 1In this step, for example,
it is possible to adopt a method wherein the sulfuric
acid to be subjected to the stripping operation is
supplied from an upper part of the stripping tower, air
is supplied from a lower portion of the stripping
tower, and both of these substances are caused to
contact each other in the stripping tower.

(Other embodiments)

In the present invention, as modifications or
variations of the embodiments as shown in the above
Figs. 1 and 2, the stripping step and transport step
may be those as shown in Figs. 3 and 4, that is, the
embodiments as described below.

Stripping step: a step wherein, in the stripping
tower (8), the crude sulfuric acid (7) supplied from
the absorption step is subjected to stripping by use of
air (9) so as to separate and remove, from the sulfuric
acid, the sulfurous acid gas which can be contained in
the crude sulfuric acid, thereby to obtain high-purity
sulfuric acid (3).

Transport step: a step wherein at least a portion

13

to be



supplied to the stripping step within the above- ment i oned

range is not particularly limted, but for exanple, it is

possi ble to adopt a nethod wherein the sul furic acid to be
supplied to the stripping step is 15 heat ed by neans of steamor a
heater such as those utilizing an electric heater; a nethod
wherein the sulfuric acid (to be supplied) to the stri pping
step and the sulfuric acid at the outlet port ofcthes-06
circulating punp are subjected to a heat exchange 20 operation
(Fig. 2); etc. Particularly, the latter met hod usi ng the heat

a exchange opgJatdn hi%hSE%}QﬁF DepLEyric acid % &ﬂlﬁ%@tﬁﬁ{ i VI eW of

t he t her mal r e met hod

of neasuring the jtRARe %tt%belgf seggrated and &1 PalfdH i L acl

supplied to the stripping Step I's not particul arl I|n1ted but
it is preferredlifeari®acid, and wherein the liquid is transportbh b

SCC 96- 06 a thernocoupl e-type thernoneter using a wel F

conpri sing means of thef kdmcQlatiagl pampetdhyl ene) or quartz gl ass, etc,
in view of the prevention of the netal contam nation.

I n the transport $Shepsitrucherenbodcoratitstisdbmvehdwn in Figs. 3 and
4 other than those as described above is the same as
those which have been described in the embodiments of
Fig. 1 or 2.

(High-purity sulfuric acid)

10 The high-purity sulfuric acid provided by the
above-mentioned production process according to the
present invention may be one having a metal constituent
concentration of 10 wt. ppm or below, and a sulfurous
acid gas concentration of 1 (one) wt. ppm or below.

15 Such high-purity sulfuric acid can most suitably be
used for a cleaning liquid for cleaning a silicon
wafer, etc., in semiconductor-fabricating processes.
<Examples>

Hereinbelow, the present invention will be

20 described in more detail with reference to specific

Examples.
Example 1

The relationships between the temperature of the
liquid passing through a circulating pump, and the

25 concentration of metal constituents in the liquid were
investigated by the following experiments.

14



5 Fig. 1, at least a portion of the crude sulfuric acid

I's supplied to the stripping step, but the renainder portion of
the crude sulfuric acid is recycled to the absorption step.
(Heat exchanger) 10 The heat exchanger to be used in the
producti on process according to the present invention (e,g., in
t he enbodi nent as shown in Fig. 2) is not particularly limted,
but may be one which is appropriately be sel ectedcf96+q06 hose
known in the art (such as heat 15 exchangers of shell-and-tube
type, doubl e pipe-type, liquid filmtype, coil-type, fin-type,

etc.). Anmo h t Id - t I Si
quartz 9 gy 30b RECRE PE GEL BT B WARO R RER | 20

shock. 20 ypto al BhRkPBLRBrSEERY Teflon (%&Faciﬁ¥{TQ%05&thpbﬁg step in
the present invention Is a step wher ei in the stripping tower

(8), the crudeylfuric acid 84klUREFe BRI FasUPHE iWAfidH MAad BRehr ansport step
(7) is subj ected to stripping by use of air (9) so as to 25

separate and pewavueed’ bgnchheifyl fulferi€i gbid hnhydride in a sul furous acid
gas which can be contained in the crude
12 5 gaseous state (S0O,) to be absorbed into ultra pure water
(resistivity: 18 MQ -cm or more), and contained some
metal constituents as impurities as shown in Table 1
(before circulation) appearing hereinafter.
The above impurities were analyzed by using an
10 ICP-MS method. More specifically, a sample liquid as
an analyte was formed into a minute mist state by means
of a nebulizer, and then the metal elements contained
in the sample liquid were ionized by using inductively
coupled plasma (ICP), and the thus ionized elements
15 were classified according to their masses by means of
a mass spectrometer, thereby to determine the kinds and
amounts of the respective metal elements contained in
the sample liquid.
The sulfuric acid in the above-mentioned
20 circulating tank 12 was subjected to liquid circulation
at a liquid temperature of 25 C, an average flow rate
of 8 L/hr for 24 hours by using a Teflon centrifugal
pump. When the temperature of the sulfuric acid at the
inlet port of the centrifugal pump 4 was monitored by
25 means of a thermocouple-type thermometer including a

well comprising Teflon, the temperature was found to be

15



SCC 96- 06 sulfuric acid, thereby to obtain high-purity

sul furic acid (3). As the stripping tower, it

i s possible to use one which is the sane as the absorption

t ower whi ch has 5 been described in the explanation of the above-
menti oned absorption step. In this step, for exanple, it is
possi ble to adopt a nethod wherein the sulfuric acid to be
subjected to the stripping operation is suppl i egclcr 98-a8 upper
part of the stripping tower, air 10 I's supplied froma | ower
portion of the stripping tower, and both of these substances
are caused to 5 . contact each other in the stripping tower.

(O her enbodi rfent S) In the present i nvention, as

nodi fications or t shown in the
above #5% Teflon 5%§E%§Egeg?r ?ng step 5%§pgﬁgﬁghort step

nmay be those ae?em Iﬁug@ idcandifig hhaéttéd s?é"@t (liquid
enbodi ments as descrlbed bel ow. ri pping step: a step

wherein, in theomdddPPpditiod] of Teflohowera(fpn-méealrmueersidl.uric acid

(7) supplied from the absorption step is subjected to stripping
by ue of The compamient(s)ofsthas punpsepaeanadeancf repmieleds om t he
sul furic acid, the sulfurous acid gas which can be contained in

the crude sul fakesl adiuk aﬂﬂepébﬁh@owéﬁtaﬁnpﬁréht@%¥¢Q§ had been

lined or coated with Teflon lining (thickness: about 3
mm). Characteristics of the Teflon centrifugal pump
used herein were as follows.
10 Discharge rate (capacity): Q@ = 20 L/hr
Total head: H, = 18 m
The high-purity sulfuric acid obtained by the above
procedure was subjected to the measurement of metal
constituents in the same manner as that in the case of
15 the measurement thereof before the circulation. The
thus obtained results are shown in the following Table
1.

Comparative Example 1

200 kg of 89 wt.%-sulfuric acid was subjected to
20 liquid circulation for 24 hours in the same manner as
in Example 1 except that the liquid temperature of the
sulfuric acid at the inlet port of the centrifugal pump

4 was 80 T, instead of the liquid temperature of 25 C
used in Example 1. The thus obtained results are

25 inclusively shown in the following Table 1.

16



25 sulfuric acid (3). Transport step: a step
wherein at | east a portion 13

of the high-purity sulfuric acid (3) supplied fromthe

stripping step is separated and col |l ected as a product sul furic
acid, and wherein the liquid is transported by means of the
circulating punp (4). 5 The structure or constitution shown
in Figs. 3 and 4 other than those as described s®OVE6+66 t he
sanme as t hose whi ch have been described in the enbodi nents of
Fig. 1 or 2. (H gh-purity sulfuric acid) 10 The
hi gh-purity suhfyfic,gcid provided by the above- nenti oned
production process according to the present invention nmay be
one having a netal _copstituent ____________ concentration_of 10 _wt._ppm or
bel ow, and a sul furous acid gas concentration of 1 (one) wt.
ppm or below. 15 Such higig purs t el x.a>aci dre@erense>sui t ably
be used for a cleaning liquid for cleaning a silicon

waf er, etc., Tempenpvfoodluctbatimdpri cating processes.

5 sulfuric acid (C ) 25 80 (before circulation)
Metal constituent (ppt)

in sulfuric acid after

circulation
Aluminum 166 1100 10
10 Copper 158 1200 2
Magnesium 17 112 5
Iron 254 2175 14

———— — — —————— T T T —— e Ay Pk Ty o A —— R — ——— ———— T ———— — ————————

15
Industrial Applicability
As described hereinabove, the present invention
provides a process for producing high-purity sulfuric
acid, comprising: an absorption step of causing water
20 to contact sulfuric acid anhydride in a gaseous state
which may possibly contain sulfurous acid gas as an
impurity, so as to cause the sulfuric acid anhydride to
be absorbed into the water, thereby to provide sulfuric
acid; a stripping step of subjecting the sulfuric acid
25 to stripping by use of air, thereby to separate and
remove the sulfurous acid gas in the sulfuric acid;

17



<Exanpl es> Her ei nbel ow, the present invention will be 20
described in nore detail with reference to specific Exanpl es.
Exanmple 1 The rel ati onshi ps between the tenperature of the
| i qui d passing through a circulating punp, and the 25

concentration of netal constituents in the liquid were

i nvestigated by the foll ow ng experinents.

14 Thus, 200 kg of 89 wt. % sul fs€eCcoeaed@l was
pour ed into a tank conprising Teflon (capacity: 200 L). The
sul furic acid used herein was one which had been produced by

causi ng sul FUece 2LdaAUMIE dEehoF sdbjecting AP32AUL Bl fhprbsplerrl) to

be absorbed into ultra resistivit

or more), andegoghg geﬂfﬁem&' d t 1@l @ afidacdeRt yamehRBUr i Li es
as shown in Tag aCl(be?o%% %lréﬁ#atlon)aappearlngeherelnafter.

The above '”pﬁflhleir&ﬁlﬁtiﬂ? ﬁﬁﬁﬂ bWhéEéiH)ﬁHb thperature bEPtie met hod.
More specifically, a sanple liquid an anal yte was forned
into a ninutel&ﬁahdshatehbylﬁeeﬂSport of the circulating pump is 0 -
5 30 C.
According to the present invention, it is possible
to produce high-purity sulfuric acid from which metal
constituents and sulfurous acid gas as impurities have

highly been removed, and which is most suitably usable

10 for semiconductor-fabricating processes.

18



of a nebulizer, and then the nmetal el enents contai ned in the

sanple liquid were ionized by using inductively coupl ed plasma
(ICP), and the thus ionized elenents 15 were cl assified according
to their nmasses by neans of a nmass spectroneter, thereby to
determ ne the kinds and amounts of the respective neta

el ements contained in the sanple |iquid. The
sul furic acid in the above-nmentioned 20 circul ati ngctagk-4g was
subjected to liquid circul ation at a liquid tenperature of 25
[err]C, an average flow rate of 8 L/hr for 24 hours by using a
Tefl on centri fugal punp. ¥$Eg tenperature of the sulfuric
acid at the i nl et port & rifugal punp 4 was nonitored
by 25 means of a thernocoupl e-type thernoneter including a

wel | conprising Teflon, the tenperature was found to be

15 . . : . SCC
96- 06 1od FEPFF&? for producing hlﬁ?ﬁ?“ﬁﬁﬁ%ﬂ%“&&hrﬁqfugal punp

used herein S 1% e .centrifugal punp including a wetted part
(liquid Y igﬂﬂﬁiﬁ%nﬁdrtion) of Teflon as a non-netal material.

5 an absorption step of causing water to contact
sulfuric acid anhydride in a gaseous state which may
possibly contain sulfurous acid gas as an impurity, so
as to cause the sulfuric acid anhydride to be absorbed
into the water, thereby to provide sulfuric acid;

10 a stripping step of subjecting the sulfuric acid to
stripping by use of air, thereby to separate and remove
the sulfurous acid gas in the sulfuric acid; and

a transport step of subjecting at least a portion
of the sulfuric acid to ligquid transportation by means

15 of a circulating pump;

wherein the temperature of the liquid at the inlet
port of the circulating pump is 0 - 30 C.

2. A process for producing high-purity sulfuric
acid according to Claim 1, wherein the absorption step,

20 the transport step and the stripping step are conducted
in this order; and in the transport step, at least a
portion of the sulfuric acid provided in the absorption
step is supplied to the stripping step.

3. A process for producing high-purity sulfuric
25 acid according to Claim 1, wherein the absorption step,

the stripping step, and the transport step are

* 4 L ] S *




5 The conponents of the punp were nade of stainless

steel, but all of the wetted part thereof had been | i ned or
coated with Teflon lining (thickness: about 3 )
Characteristics of the Teflon centrifugal punp ‘ ﬂéea’hEWHAmum@fa
as follows. 10 Di scharge rate (capacity): Q L |- = 20 RAFLACED J
Total head: Herr] =18 m The high-purity sulfuric acig—
obt ai ned by the above procedure was subjected tgcthees-06

measur enent of netal constituents in the same manner as that in
the case of 15 t he neasurenent thereof before the circul ation.

The tal d results ar sho in the f ng _Tabl e

i coihedt i eanprder; and i o¥he'fran Q&Qaﬁ 5t

Wt . % sul furic lae%sdc %%OWO%C%%dt}lg sagfurlﬁxacu%leﬁ'ii except Li%%t on.for

hours in the same nan t he I|qU|d
tenperature Ofgddiacted to strlpﬁﬁhﬁuihctﬁélgtfipﬁfﬁh'éﬂéﬁ fport of the

centrifugal punp O [err]C, instead of the liquid
tenperature ofseffadsddd @nd collected Hsed pPRofxetPdE sulfilieid s bt ai ned
results are 25 I nclusively shown 1n the foll ow ng Table 1.

16 5 4. A process for producing high-purity sulfuric

acid according to Claim 1, wherein the temperature of
the liquid supplied to the stripping step is 60 - 120
C.
5. A process for producing high-purity sulfuric
10 acid according to Claim 1, wherein the liquid to be
supplied to the circulating pump is cooled by means of
a cooler disposed at the inlet port of the circulating
pump.
6. A process for producing high-purity sulfuric
15 acid according to any of Claims 1 - 3, wherein a heat
exchange operation is conducted between the liquid at
the outlet port of the circulating pump and the liquid
at the inlet port of the circulating pump by means of a
heat exchanger.
e
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SCC 96- 06 <Tabl e 1> <Ex. 1>

<Conp. Ex: 1> <Ref erence> Tenp. of circulating 5

sulfuric acid ([err] O 25 80 (before circulation)

Met al constituent (ppt) in sulfuric acid after

circulation Al um num 166 1100 10
10 Copper 158 1200 2

Magnesi um 17 112 5 scky 98-06

254 2175 14 15 I ndustrial Applicability
As descri bed herei nabove, the present invention provi des a

process for producing high-purity fddiy acid, conprising: an
absorption step of causing water #g%m?apcont act sul furi c aci d

anhydride in a gaseous sta 0SS C
sul furous acid gad* &F%F s For PrOducﬁﬂﬁuﬁgﬁy PEBYBE %igﬁ%§% 'sulfurlc

acid anhydrlde sarbe t he mater q{eby to
ec

provi de sulfurléﬁbrlSlng' an ab59§5%1°§tF|SBuﬁ %?%%l%ﬁ % I ng the

sulfuric acid goptact sulfuric acid anhydride in a gaseous state
5 which may possibly contain sulfurous acid gas as an

impurity, so as to cause the sulfuric acid anhydride to
be absorbed into the water, thereby to provide sulfuric
acid; a stripping step of subjecting the sulfuric acid
to stripping by use of air, thereby to separate and

10 remove the sulfurous acid gas in the sulfuric acid;
and a transport step of subjecting at least a portion
of the sulfuric acid to liquid transportation by means
of a circulating pump; wherein the temperature of the
liquid at the inlet port of the circulating pump is 0 -

15 30 C. WwWhen the above process is used, it is possible
to produce high-purity sulfuric acid from which metal
constituents and sulfurous acid gas as impurities have

highly been removed.



25 to stripping by use of air, thereby to separate and
renove the sulfurous acid gas in the §&H %%i__CO@Ci d;

17 SCC
96- 06 and a transport step of subjecting at |east a portion
of the sulfuric acid to liquid transportation by nmeans of a
circulating punp; wherein the tenpergtyre of the liquid at the
inlet port of the circulating punp i (]g; 5 'f 30 [err]C
According to the present invention, it 1% posslble to produce
hi gh-purity sulfuric acid from which netal constituents and
sul furous acid gas af inpurities have hi ghly been qgenoved, and
which is nost suitab § usable 10 for sem conductor-fabricating
processes. 2 F
.6 N
5 X x °
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18 SCC

96-06 CLAI MB 1. A
process for producing high-purity sul éétl %6_0 acid, conprising:
5 an absorption step of causing water to contact
sul furic acid anhydride in a gaseous state which may possi bly
contain sulfurous acid gas as an inpurity, so as to cause the
sul furic acid anhydride to be absorbed into the water, thereby
to provide sulfuric acid; 10 a stripping step of subjecting
the sulfuric acid to stripping by use of air, thereby to
separate and renove t he lsf urous gcid gas in the sulfuric
acid; and Flg. 3
13
1 2
6 3
5 S
1 13
7 Y
8
g
3




a transport step of subjecting at |east a portion of the

sulfuric acid to liquid transportation by neans 15 of a

circul ating punp; whgre met-hgs t enperature of the liquid at
the inlet port of the circulating punp is 0 - 30 [err]C.

2. A process for producing high-purity sulfuric acid accordi ng
to daim1l, wherein the absorption step, 20 the transport step and
the stripping step are conducted in this order; and in the
transport step, at |least a portion of the sulfuric acid
provided in the absorption step is supplied to the stripping
st ep. : 3. A process for producing high-purity sulfuric 25
acid according to Claim1, wherein the absorption step, t he
stripping step, and the transport st g’ge

19 conducted in this order; dn *the®transport step, at least a

portion of the sulfuric acid which has been subjected to stripping in the
stripping step is separated and collected as a product of sulfuric acid.

4. A process for produgbng hi gh-purity sulfuric acid according to daiml,
wherein the tenperaturévof the Liquid supplied to the stripping step is 60

- 120 [err]C. S.IA‘proce 2 for produci ng high-purity sulfuric
: 6 13
5 X
1 - 13
8
9
3
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acid according ¢ Claim1, wherein the liquid to be .supplied. £ Q- L DE n: prieine
circulating punp is cooled by neans of a cooler dlsposed%dﬁ,%h@”ﬁ%teifpd¥t

of the cizrculating punp. 6. A process for produ0|ng hi gh-purity
sulfuric acid,ggeQtdbdo; 1 oY Aai \wh @ hea xchange
operation is conduct ed bet ween t#?dé%’ t%he 6§%§ t po?? %f ?he

circulating pump.apd;the-4{gyi&s éﬂetiﬁiﬁdufﬂ RAE i chheacl Bewhating punp
by neans of a heat exchanger. . A process for producing

hi gh-purity sukfigfeetedi o SEEOFEH iﬂ)ﬂﬂéﬂgﬂﬁﬁpﬂﬂm@r%t@p i@ the transport
step, at least a portion of the sulfuric acid provided in the absorption

step is m xedsepthavadesndncol hentedcys| £biaiudte cbsalFurde Sicdid.
8. A process for producing high-purity sulfuric acid according to Claim 3,
wherein, in the tréanspdrproteps ﬁmr|p%aducﬁnqxhiqhybunitwhsuidm&dmic aci d
supplled fromthe stripping step is nmxed with water and then recycled to
t he absorpt|ona§gépaccordlng to Claim 1, wherein the temperature of
the liquid supplied to the stripping step is 60 - 120
.
5. A process for producing high-purity sulfuric
acid according to Claim 1, wherein the liquid to be
supplied to the circulating pump is cooled by means of
e a cooler'disposed at the inlet port of the circulating
pump.
6. A process for producing high-purity sulfuric
acid according to any of Claims 1 - 3, wherein a heat
exchange operation is conducted between the liquid at
the outlet port of the circulating pump and the liquid

at the inlet port of the circulating pump by means of a

heat exchanger.

7. A process for producing hlgh—purlty sulfurlc”_ac1d

according to Claim 2, wherein, in the transport step, at least

p—

1s mixed with water and then recycled to the absorption step.

8. A process for producing _hlgh-purlty sulfuric acid

accordlng to Claim 3, whereln, in the transport step, at 1east

a portion of the sulfuric acid supplled from the strlpplng step

is mixed with water and then recycled to the absorption step.
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a Dortlon of the sulfurlc ac1d provided in the absorpt;on step



