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- 1 S03P1393 DESCRI PTI ON APPARATUS FOR RECYCLI NG
WASTE SULFURI C ACID Technical Field 5 The present
invention relates to apparatuses for recycling waste
sul furic acid. Background Art Sulfuric acid is used in
| arge quantities in various 10 industries at grades
(purity and concentration) required for these

i ndustries. In general, wasted sulfuric acid is
subjected to the foll ow ng processes: (1) In situ
treatment of wastewater (neltralization) generated in
factories; 15 (2) Treatnent of wastewater SO03P13383
(neutralization) in recycling firms; (3) Reuse as a
neutralizer in factori egsckRapTReeycling (distillation
purification) in factories or in recycling firms; and
20 (5) APERARNEVR RGQY RECYSEINS WAPTHHv JHHIFAIRIA AGfDal um
(or alumnumsulfate) in specialized firms. Anbng
them case (1) is nost common. In this case, a |arge

anmount _of .al kal i ne chem cal (cal ci um hydroxi de) and
r§ Rt il

wat er treatnent agents (e.g. an inorganic

25 frh%"é%éé‘ﬁt A RANTR Lh QEEY! ANt R AN dEggen

per oxi d
recycling waste sulfuric acid.

Background Art

Sulfuric acid is used in large quantities in various
industries at grades (purity and concentration}) recquired for
these industries. 1In general, wasted sulfuric acid is
subjected to the following processes:
(1) In situ treatment of wastewater (neutralization)
generated in factories:;
(2) Treatment of wastewater (neutralization) in recycling
firms;
(3) Reuse as a neutralizer in factories;
{4) Recycling (distillation purification) in factories or in
recycling firms; and
(5) Treatment for reuse as a raw material of alum (or
aluminum sulfate) in specialized firms.

Among them, case (1) is most common. In this case, a
large amount of alkaline chemical {calcium hydroxide) and
various wastewater treatment agents (e.g. an inorganic

flocculant, a polymer flocculant, and a hydrogen peroxide
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S03P1393 deconposition accelerator) are required.
Thus, large anounts of sludge and wastewater are
generated. This is wundesirable fromthe viewpoints of
envi ronnental and resource aspects. Case (2) is
simlar to case (1) although 5 the waste sulfuric acid
is treated outside factories. Since |arge anmobunts of
sl udge and wastewater are al so generated, case (2) is
undesirable fromthe viewoints of environnental and
resource aspects. In case(8)7 since the demand for
waste sulfuric acid as a neutralizer is |low, the SO3P1393
surplus 10 waste sulfuric acid nmust be treated as in
dedmposirion &2¢elemmequent kgguiheés. | STHIBd, large
satisfactory. Case (4) requires a |arge-scale plant
amhtenefgylidge rany dlaatgwaisteasal fendratessi d Thng is
causes nmany industrial problens such as energy, . cost,
uR{esd rgbace TSR BRY  VIEPHARG PRgSNThHerEtsal dade (4)
15 is rarely used. In se (5),.since waste [furic
rir e, 2o i 1 738 of ad on SHHHDAD 0 [ sur(ad, a1EhSugn
i.call l fir r ' or
e B PEENE S0 4 PR O e 1% B doe
1&ARE anol@tYSagesI e FndBsk@ewatbf WL AGSA defierated,
usual ly equal to or" less than 10 mass 20 percent. This
cdsd e29haul dnbesi e rashdm Shaceiéheo htite v alnve rohmental
waste sulfuric acid in the above-nentioned process is
andwespgreentEpaat sy, Maswese J8)f usivcadiite idengederfak| y
recycled in factories using _sulfuric acid_or

ey LAY TEFr AEL i 3 F SEPETPhGZERat §ekor 25 Ao surplus
wai%c?ﬁn%glﬁ’é&\é\?%trgcfé”lgﬁjsré %ea%lr%agggegsatfrg clzanse (1) or (2).
Consequently, this is not satisfactory. Case (4) requires a
large-scale plant and energy for recycling waste sulfuric
acid and causes many industrial problems such as energy,
cost, site space, safety, and handling. Therefore, case (4)
is rarely used. In case (5}, since waste sulfuric acid is
seldom treated as a valuable rescurce, typically, recycling
firms charge for services or buy it at very low prices (at
most a few yen/Kg). In this case, the usage rate of waste
sulfuric acid is usually equal to or less than 10 mass
percent. This rate should be increased.

Since the added value of waste sulfuric acid in the
above-mentioned process is low, conventionally, waste
sulfuric acid is generally recycled in factories using
sulfuric acid or recycling firms with recycling charges.

For example, waste sulfuric acid generated in semiconductor



10

15

20

25

3 SO03P1393 plants usually contains several tenths of
a percent to several percent of hydrogen peroxide.
Therefore, the waste sulfuric acid is treated
(neutralization) or is used as a neutralizer in these
plants. In some cases, the waste 5 sulfuric acid is
used at sites other than the plants as a raw materi al
for alum numsulfate. Even if the waste sulfuric acid
is recycled, the use is limted to cascade
utilization (sinply as an-aBternate of
i ndustrial-grade sulfuric acid) that has a 503P1393
significantly | ower added value. 10 As a result, a
pheithodisand 1gncappal ed useviesataleftbachivet ya ;reame@:ltl il
waste sulfuric acid in any manufacturing factory or
s¢vernlapexceaw bt kydzdgdiawengxadhi ghTaeltklbneal fdecawaste
awaited. It is an object of the present invention to

sptioviide aa:ldlssrEé%t?%g(n@yﬁéﬁéﬂagt%% cHardi ﬁlg%e\%aéﬁea
| f d t f
G0 DaFbEF P LA nads FPAF| §Epn | PpigoLe”
SERANS glachgsaggd of Iuent ien 20 The i x; ﬁﬂ Qs havg
conduct e

ntensive research to acco

raPava-Jranli ¢aed, obi Boin and have MBdenair rafy _QJa's&Q
apparatus of waste sulfuric acid for collecting waste

sslfinird acdd dsgeseyalet] atheauseuteelsmieed\to cascade
transporting it by a carrier B, and recycling it for
utelismmtd®nat(sampigrasiawe ateknateecy cindys bppdratasieof
waste sulfuric .
sulfuric acid) that has a significantly lower added value.
As a result, a method and an apparatus for effectively
recycling waste sulfuric acid in any manufacturing factory
or firm as a raw material having a high added value are
awaited.
It is an object of the present invention to provide a
recycling apparatus for changing waste sulfuric acid into

recycled sulfuric acid having a high added wvalue in an

industrially prcofitable manner.

Disclosure of Invention

The inventors have conducted intensive research to
accomplish the above-mentioned object and have made a
recycling apparatus of waste sulfuric acid for collecting
waste sulfuric acid generated at a source site A,
transporting it by a carrier B, and recycling it for reuse

at a user site C. The recycling apparatus of waste sulfuric



10

15

20

25

4 S03P1393 acid includes a receiving tank for
receiving virgin sulfuric acid (a) and waste sulfuric
acid (b) having a concentration different fromthat
of the virgin sulfuric acid, and includes (1) a m xer
alone, (2) a mxer and a concentration 5 nonitor, or
a mxer and a cooler in conbination, or (3) a mxer,
a concentration nonitor, and a cooler in conbination.
The inventors have al so found that the recycling
apparatus can effectively rfecycle waste sulfuric acid
in an industrially profitable manner; that the SO03P1393
recycled sulfuric 10 acid by the apparatus has a high
aatidleicholaldee andecabviey talsddrasedeciabngatiefdial sii0furic
various industrial products, not reused as a
agkdt l iangr wastdommbinimmatiispdbal hevies;a conderftaation
t he apparatus can reduce the environnental | oad.
dﬂrﬁ?sre%érpﬁ%h%ref hehe Wirsd Ty suhdurhataeiy and

d 15 out st di.sad b
TR Iy SofvEa THE it Br S ARG o0 T R ePiraRE 4o

méemm'oeft & ff8eri LY rg 'coo%l%arsgg) een@yﬁ& f&wd'o@g%sﬁge

pr esernt | nventlon re at es

nBR0AT &f WSnebnest o Uhdiiitdr  2Gind 505002& Cﬁi I&%&Jﬁguon
waste sul furic acid generated at a source site A

The ainsetidrigghbtre byl so csuricerthBt and recy€elimyg agpafrarus
reuse at a user site C the recycling apparatus of

cyuldifect igeily reagtlelivapte medéuvingacthkii em
rece|V|n% virgin sulfuric acid ga%hand waste sulfuric

quaaﬁ WaPFﬂngaE%ﬁd@HFFﬁ?laﬁa e recycled sulfuric
aclid by the apparatus has a high added value and can be

reused as a raw material for various industrial products,
not reused as a neutralizer at downstream disposal sites:;
and that the apparatus can reduce the envirommental load.
Thus, the inventors have also found that the above-mentioned
outstanding disadvantages can be completely solved.

The inventors have further studied to complete the
invention based on such findings.

The present invention relates to:

(1) a recycling apparatus of waste sulfuric acid for
collecting waste sulfuric acid generated at a source site A,
transporting it by a carrier B, and recycling it for reuse
at a user site C; the recycling apparatus of sulfuric acid
including a receiving tank for receiving virgin sulfuric
acid (a) and waste sulfuric acid (b) having a concentration

different from that of the virgin sulfuric acid, and
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25 different fromthat of the virgin sulfuric acid,

and ------- ------ - 5 S03P1393 including (1) a

m xer alone, (2) a mxer and a concentration nonitor,

or a mxer and a cooler in conbination, or (3) a

m xer, a concentration nonitor, and a cooler in

conbi nation; (2) the recycling apparatus of waste

sul furic acid 5 according to aspect (1), wherein the

receiving tank has the sane or different inlets for

receiving the virgin sulfarPc— acid (a) and the waste

sul furic acid (b) having a concentration differef@3P1353

fromthat of the virgin sulfuric acid, and the
itEloytingng 1appandkes aifonsgst(@)sul hilgée &ed i drfashthetion

including a circulation systemfor mxing the virgin
nend fan,i oraei Wikaey and a wodest énsabhlpirat i d ofb)(3) and

(3) the recycling apparatus of waste sulfuric acid
ngeor di F§REBNEEPeEIN (PONitfer 8PA fheCel R Uit ination;

t th h Ler. 15 Th t .l '
o S oA kST 0 SPRATPEBY P iR S IR 61 “onSt o
ef df et FRETPEL)CPT i .
e £ aReePE o Bheo R RS ey LA 18, e

s&: MRS QiReEeent mﬂegshafor%@%@%&agi Ofle Ofi 416 WA Gl ¢
sulfuric acid is 70 mass percent 0O or nore; (5) the

adieTy@) agdapharaisise cfuMastie auhifiufbe eiichg accordi ng

to aspect (1), wherein the source site Ais a
concentration different from that of the virgin sulfuric
acid, and the recycling apparatus of waste sulfuric acid
further including a circulation system for mixing the virgin
sulfuric acid (a) and the waste sulfuric acid (b); and

(3) the recycling apparatus of waste sulfuric acid
according to aspect (2), wherein the circulation system
further has a cooler.

The present invention also relates to:

(4) the recycling apparatus of waste sulfuric acid
according to aspect (1), wherein the concentration of
sulfuric acid in the waste is 50 to 90 mass percent and the
concentration of the virgin sulfuric acid is 70 mass percent
oxr moré;

(5} the recycling apparatus of waste sulfuric acid
according to aspect (1), wherein the source site A is a
factory or firm for manufacturing semiconductors;

(6) the recycling apparatus of waste sulfuric acid

according to aspect (1), wherein the carrier B is a vehicle
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factory or firmfor manufacturing sem conductors; (6)
the recycling apparatus of waste sulfuric acid 25
according to aspect (1), wherein the carrier Bis a
vehicle 6 SO03P1393 or a ship; and (7) the recycling
apparatus of waste sulfuric acid according to aspect
(1), wherein the user site Cis a factory or firmfor
manufacturing electrical and electronic 5 products.
The present invention further relates to: (8) the
recycling apparatus of wast® sulfuric acid according
to aspect (1) further including a mxing vessel §6pP1333
mxing (i) the mxture of virgin sulfuric acid and
ovestshil) smdf uric acid with (ii) a hydrogen peroxide
solution and/or water; (9) a nethod for reusing waste
sul fiii &hgcracyyline@rparagushel vigsstee sifnric acid
with the recycling apparatus of sulfuric acid
2GR RN FOt 5REFECH L 1)Whemein ey BEGE| SHES T iy iEc
1d wth the recyclin apparatus of. te sulfuric_ .
f%%fodr ya&%:orft&irﬁlg L et Ct(‘%?’;ng Sﬁac%ﬂ‘fa haemiseé'egrtoﬂéc
pt&&Y&S £d sul furic acid according to aspect (10) for
manuf acturing industrial products. 20 Brief

Desathiepbir8Beft 1M@r¥iVM FUSther relates to:

(8) the recycling apparatus of waste sulfuric acid
according to aspect (1) further including a mixing vessel
for mixing (i) the mixture of virgin sulfuric acid and waste
sulfuric acid with (ii} a hydrogen peroxide solution and/or
water;

(9} a method for reusing waste sulfuric acid by
recycling the waste sulfuric acid with the recycling
apparatus of sulfuric acid according to aspect (1);

(10) recycled sulfuric acid with the recycling
apparatus of waste sulfuric acid according to aspect (1);
and

(11) the use of the recycled sulfuric acid according to

aspect (10} for manufacturing industrial products.

Brief Description of the Drawings

Fig. 1 shows a preferred embodiment of a recycling
apparatus of waste sulfuric acid, wherein one receiving tank
receives waste sulfuric acid and virgin sulfuric acid.

Fig. 2 shows a preferred embodiment of a recycling



10

15

20

25

Fig. 1 shows a preferred enbodi nent of a recycling
apparatus of waste sulfuric acid, wherein one
receiving tank receives waste sulfuric acid and
virgin sulfuric acid. 25 Fig. 2 shows a preferred
enbodi nent of a recycling 7 S03P1393 apparatus of
waste sulfuric acid, wherein the receiving tank 3 for
receiving waste sulfuric acid and virgin sulfuric acid
is provided with a mxer. Fig. 3 shows a preferred
embodi ment of a recycling~ 8 apparatus of waste
sul furic acid, wherein waste sulfuric acid and vBe3ph3o3
sul furic acid are received in the respective
apprEtvisngft ankse Fubfudi slaadsl, awhe eé g rede emdeediviitagt tank
of the recycling apparatus of waste sulfuric acid,
3 whet giased¥dngavedtq oswidimrdicnecd df apdviabtals @uflfuirdc acid
.,acid are distant froma receiving tank, waste
1S RFAFCdalt B haR V9% n sulfuric acid are nmixed in a

' | ati t d.t | Vi tank 3 is,
g oS £ B ISR 20 g
Rizhe LSO TR Mesens, | gL an gL dase

acl |t Wagghaskel st firdG saekd r888evad edh athed reQPEELive
site A transporting it by a carrier B, and recycling

redeifvdmgr ¢assat a user site C. The recycling 20
apparatus of waste sulfuric acid includes a receiving
t ankigf of skews B myeferged subédinentacifd the) randchasy e
sul furic
apparatus of waste sulfuric acid, wherein dedicated
containers for waste sulfuric acid are distant from a
receiving tank, waste sulfuric acid and virgin sulfuric acid
are mixed in a circulation system, and the receiving tank 3

is provided with a cooler 6.

Best Mode for Carrying Out the Invention

The present invention relates to a recycling apparatus
of waste sulfuric acid for collecting waste sulfuric acid
generated at a source site A, transporting it by a carrier B,
and recycling it for reuse at a user site C. The recycling
apparatus of waste sulfuric acid includes a receiving tank
for receiving virgin sulfuric acid (a) and waste sulfuric
acid (b) having a concentration different from that of the
virgin sulfuric acid, and includes (1) a mixer alone, (2) a
mixer and a concentration monitor, or a mixer and a cooler

in combination, or (3} a mixer, a concentration monitor, and
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acid (b) having a concentration different fromthat of
the wvirgin sulfuric acid, and includes (1) a m xer
alone, (2) a mnmixer and a concentration nonitor, or a
m xer and a cooler 25 in conbination, or (3) a m xer,
a concentration nonitor, and 8 503P1393 a cooler in
conbi nation. Particularly, the apparatus according to
the present invention can be used in a system for
collecting the waste sulfuric acid generated at the
source site A transporting8-it by the carrier B, and
recycling it for reuse at the user site C. The sB0BRE3°3
site A neans any place where waste sulfuric acid is

a genelreat dch cBwbiméesowf the source site A include
various industrial factories and firns. Exanples of
t he Fepgiisutanl V£ i @laarpechtive afeerding dind thkepreoants
.10 including sem conductors, steel, chemicals (e.qg.

LdHgam Canchentead sin 6t gaimiterc heri eal kecimy rngngsy«,aste

tiJde, fertilizer t.al , mning,.paper,_ soda :

s pe aEnrhErer Tare 5o aRasHER il i PeT 0
P [ Pref r I, pte A
e T PRl pr s A ATAES, B 00 QLG kS uer
sftd B Wheke s8ula8s 08 By e 20 ‘A’ﬁ?t 184 fbld:G vRGid s

generated. Specifically, manufacturing factories or
silifurs d acedettr gemd rane.cl @xbmples oNdtisd rd@sc@N@ite A
. chemical industries such as inorganic chem cals,
inglywe vachenscahdustuiml diaggoraee andef pref.er @xamples of

Sem conduct or _manufacturing 20 factories or firns are
tqﬁxﬂpqﬁFEFéFébFé?lds include” electric and electronics

including semiconductors, steel, chemicals (e.g. inorganic
chemicals, organic chemicals, or drugs}, textile, fertilizer,
metal, mining, paper, soda chemicals, machinery, battery,
and neutralized gypsum industries. Preferable examples of
the source site A according to the present invention are
factories or firms where a large amount of waste sulfuric
acid is generated. Specifically, manufacturing factories or
firms in electrical and electronic industries and chemical
industries such as inorganic chemicals, organic chemicals,
and drugs are more preferable. Semiconductor manufacturing
factories or firms are most preferable.

The waste sulfuric acid includes any material
containing a compound represented by H,SO,. The waste
sulfuric acid may contain impurities or may not contain any
impurities at all. In the present invention, preferably,

the amounts of the impurities in the waste sulfuric acid are
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The waste sulfuric acid includes any nateri al
contai ning a conpound represented by H2SO4. The waste
sul furic acid nmay contain inpurities or nmay not
contain any inpurities at all. In the present
i nvention, preferably, 25 the anmounts of the
inpurities in the waste sulfuric acid are --- - --- -
--- --- 9 S03P1393 Ilow. Specifically, sulfuric acid
cont ai ning about 1 ppmor |ess of heavy netal and
about 10 ppmor less of chl érirde is nore preferable.
Sul furic acid contai ning about 100 ppb or |ess 0of03P1393
heavy netal and about 1 ppmor |less of chloride is 5
lowst Juefidiabliey, Thel fonceridiat centafin Sl fabdi acifhm Br
the waste is not limted within the scope of the
lob§ e hefavvhmetpi ezseditabontedtli ppm Fhelesncehtatdidrinieofis
sul furic acid in_the waste may range from above 0 to
ma¥R) RRESSTFELEent Sul furihagide sontainvaat alopiit 4 G givb or
concentration of sulfuric acid 10 in the waste is .
1ETe 1 Yy Sp0et Tl 18P0t o PEBNGENLF AT i $h Clgoride is
f.ur | hd in e .abo 9 SS .
nS e REE, | AR U LG B e
wRSEC e ot TBakte8#f@1AP!8e TRBpeaLE he BIRANS AN¥he
transporter that can transport TS waste sulTfuric
paeseht figiveaxannl e, T pedride@sravebhcbessubhifiss acdddin
aircrafts. Exanples of the vehicles include al
thehiadtes malyatrangavetoromicard 0 itoel00rmasns fexqpnt. In
freight trains), electric trains (e.g. super-express

t@%ﬂ?ﬁ@ﬂﬁ?ﬁ,iﬁﬁﬂn lon, a high concentration of sulfuric acid
in the waste 1s preferable. Specifically, the concentration
of sulfuric acid in the waste of about 50 to 90 mass percent
is more preferable, and about 60 to 90 mass percent is most
preferable.

The carrier B means any transporter that can transport
waste sulfuric acid, for example, pipelines, vehicles, ships,
and aircrafts. Examples of the wvehicles include all
vehicles that travel on land; i.e. trains (e.g. freight
trains), electric trains (e.g. super-express railways), and
cars (e.g. tank lorries, tracks, and drug container
carriers). Examples of the ships include all ships that
sail on water; i.e. tankers, ferrvboats, and boats.

Examples of the aircrafts include all aircrafts that fly in
the air; i.e. jumbo jet aircrafts, cargo airplanes, light
airplanes, seaplanes, and air balloons. Preferably, the

carrier B according to the present invention has wide
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cars (e.g. tank lorries, tracks, and drug container 20
carriers). Exanples of the ships include all ships

that sail on water; i.e. tankers, ferryboats, and
boats. Exanples of the aircrafts include al
aircrafts that fly in the air; i.e. junbo jet
aircrafts, cargo airplanes, light airplanes,

seapl anes, and air balloons. Preferably, the 25
carrier B according to the géesent i nvention has w de
- 10 S03P1393 capability transportation;
specifically, the vehicles and ships are nore  S03P1393
preferable; and the tank lorries, tracks, and drug
cepatb i imsr cfartrhespoatr£:imst gpeefietabl by, iKgivehicles and
sulfuric acid used in the present inventionis 5
shiips fared mowef prpéenahte i muldudingg tephcbarriged toalcfksgr i end
acid and diluted sulfuric acid. Exanples of the
d@??gﬁQPPﬁﬂnﬁﬁrFérré%¥% et parfaFrelaci d of an

A T E R R SR AR A
p¥Ef@idy Shifeie acid AcclAiNg £A-40 £Q€e£f£ﬁ%&ic acid
Il nvention IS | nexpensi ve anél has “uni Form qual I ty, amJ:i

afd SO 1IGARPuIFadi W 4did he MRLEe8ULEUELS \?‘Pﬁ.cf{ﬂ-n sulfuric
Sul furic acid of electronic industrial grade, reagent

agtddeclade pulfhred gratiefl anmelecpr ef ermblstriand grade,
sul furic acid of electronic industrial grade and

dreqgamadegr ag¢egent npsadel,5 imdafsérabl egrade, gratigsirified
represent purjfied sulfuric acids  obtajned by

IYRAG f yiPﬁgﬂ%ﬁépéys ubFRS VI HE F8Lh8E4CT Feihercqaadiast toe

' [ i . known _pr . Preferably, ,
tﬂé“%¥g£g5¥ 1%%2% %Ogylg fﬁex en%ggésgﬁd ha§'§%1 of& quality,

and alsc can be used with the waste sulfuric acid. Sulfuric
acid of electronic industrial grade, reagent grade, orx
purified grade is more preferable, and sulfuric acid of
electronic industrial grade and reagent grade is most
preferable. The grades represent purified sulfuric acids
obtained by purifying waste sulfuric acids used in the
respective industrial fields by known processes. Preferably,
the concentration of virgin sulfuric acld according to the
present invention is about 70 mass percent or more; more
preferably, about 75 to 98 mass percent; and most preferably,
about 80 to 98 mass percent. In the present invention,
commercially available virgin sulfuric acid may be used.

Such virgin sulfuric acid is available as a trade name of
sulfuric acid through Sumitomo Chemical Co., Ltd. located in

Chuo-ku, Tokyo.
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the concentration of virgin sulfuric acid according to
the present invention is about 70 nass percent or
nore; nore 20 preferably, about 75 to 98 mass percent;
and nost preferably, about 80 to 98 mass percent. In
the present invention, comercially available virgin
sul furic acid may be used. Such virgin sulfuric acid
is avail able as a trade nanme of sulfuric acid through
Sumi tono Chemical Co., Ltd. located in 25 Chuo-ku
Tokyo. - 11 S03P1393 In-thk present invention, any
recei ving tank can be used for receiving virgin S03P1393
sul furic acid (a) and waste sulfuric acid (b) having
a camcehtr ptésemidli frfvemenon, r anyt hatei ©fnd hank eghnbe
sul furic acid. The receiving tank may receive 5 virgin
uged figd gegeiginadvivegie sulfupiicc agédd (£ omd heasdane
inlet or the respective inlets. Exanples of the
splleEiif FFic dRk RPavinge £ongektrabheni dbfferante froanthat

b f b h k di
of (he Finegn AL EEL R sk | ke EEhEs Bk R FESe bR v
v b lﬂ%‘ul%'i:?clgci’&eér?&%@%: %ﬁgfgﬁasw d%%&mhe same

receli ving tank 1's not

iRref rakhy, rbbgesBi-&L ial10fs t h%xaﬁﬁﬁ@é Véf&ﬂé‘%ce%vﬁﬁ&
degraded or not readily degraded by sulfuric acid. In

taie iprcdselst ai oxeRf | @htaiRiyr abisty 6én, r&eRivdtiget.anks
may be used. 15 In the present invention, any m xer
Prefiedsdlys ethtoreced wing tankgiagcsubtifngi to adied ramdenéist e
sul furic acid. A
invention is not deformed by receiving liquid. More
preferably, the material of the receiving tank is not
modified by acid. Most preferably, the material of the
receiving tank is not degraded or not readily degraded by
sulfuric acid. In the present invention, a plurality of
receiving tanks may be used.

In the present invention, any mixer can be used for
mixing virgin sulfuric acid and waste sulfuric acid. A
known mixer may be used. Examples of the mixer include a
rotary-vessel-type mixer, mechanical agitator, fluid
agitator, and non-agitating type mixer. In an example of
the rotary-vessel-type mixer, a container itself rotates
and/or vibrates for mixing. The mechanical agitator having,
for example, an impeller or a circulating pump for agitating
and mixing is used. The mechanical agitator may be a line

mixer. The fluid agitator, for example, utilizes an

agitating and mixing means using air or gas. The non-
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known m xer may be used. Exanples of the m xer include
a rotary-vessel-type m xer, nechanical agitator
fluid agitator, and non-agitating type mxer. In an
exanpl e of 20 the rotary-vessel-type mxer, a
container itself rotates and/or vibrates for m xing.
The mechani cal agitator having, for exanple, an
inmpeller or a circulating punp for agitating and
m xing is used. The nechani cal agitator nay be a |ine
m xer. The fluid agitator; ¥br- exanple, utilizes an 25
agitating and m xi ng nmeans using air or gas. The fo#P1393
12 SO03P1393 agitating type m xer, for exanple,
agitidtizes tiypeenikew ofomitddampas, f Low spds tidtreMbw or
gravity flowwith a splitting board or tube. In the
ulprldgas filoveapl bhtinheigrentiayi Show systlerm mréfieétdabby
performs the mxing. 5 In the present invention, any
etk @it EEPRen FBNFRDPLERENthANUSBEIPRr T sUmoNg athen
coneentr tlog of_sulfuric.acid.. Known nonitors may be

SYSSH PEST CEREMYI BT cite itFalf8h™ I oni t ors utili zi ng
one rar .fm é@%ﬂf;fﬂﬁg%tagnre%ﬁfcééggnﬂﬁkat on monitor can

neutralzalontltratlon I on Oor nolsture

bd Qisbd ¥QrKALhshl sEhanes d&b@ggrgﬁlsﬂa@@rﬂl%ﬂl%s Ldyg,
nmet hod), ultrasonic (sound vel ocity) nethod

Kiady&D lifotnii @0 r s Speg t o phatdne roy, ehaldpnérptdqmcentratlon
(densitometry), visconetry, pH titration, and

ngyuitteartsi el iginpyole arsedrel nethe prelserd refimaetibinehry,
the caoncentration npnitor utilizes one or nore 15

nepiATd 128 deR et FFim Ahe d5t6UB1EBRPR LS hdius tarer 4808 ¢

Karl Fischer's method or evaporated residue method),
ultrasonic (sound velocity) method, absorption
spectrophotometry, hydrometry (densitometry), viscometry, pH
titration, and potentiometry may be used. 1In the present
invention, the concentration monitor utilizes one or more
means selected from the group consisting of ultrasonic
(sound velocity) method, (vibratory) densitometry,
refractometry, hydrometry, pH titration, and absorption
spectrophotometry is preferable from the viewpoints of speed
and precision in measurement, cost and size of the monitor,
and easiness in handling. The concentration monitor may be
a portable type. In the present invention, a plurality of
concentration monitors may be used. Such concentration
monitors can be used at a plurality of sites. The
concentration menitor may be used in factories or firms

(source A) where waste sulfuric acid is generated, or may be
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(sound velocity) nmethod, (vibratory) densitonetry,
refractonetry, hydronetry, pH titration, and
absorption spectrophotometry is preferable fromthe
vi ewpoi nts of speed and precision in neasurenent,

cost and size of the nonitor, 20 and easiness in
handl i ng. The concentration nonitor nay be a portable
type. In the present invention, a plurality of
concentration nonitors may be used. Such concentration
nmonitors can be used at a—pldrality of sites. The
concentration nonitor nay be used in factories orS03P1393
firms 25 (source A) where waste sulfuric acid is

ngedermited, cakridy BethatlXrap@pBi883wasisekulrimie acid.
carrier B that transports waste sulfuric acid. The

The ncaEmeardttiagAonondin brox ararbdeuveddeveeyyierre iim tthe
factories or firns where waste sulfuric acid is

Taehriase®r fipes coheentiaticosudbnriorackh Hetoenerated.

G P SRS PE T (P AETREACT) i EREPR ent
c&ﬁ@%ﬂgfé%l n2¥ ﬁoﬁé e(éﬂléﬁ%igsgg'&ogndQQB%tQ?s%lfuric
m Xture O]p vvas?e Su uri c acli an virgin ll uric

a@Cd irolhRe xe@ol er may utilize a known cooling neans.
For 10 exanple, an air conditioner can be used.

Exanpl eheoprébent kintamtdoal i agynesstet nedrlide ©eebi pgr
with liquid coolant such as water, ice water, or
coo il enintimsgean, of oetd ey swiltflursol adid camd antrgsuclsudsuric
ice or_dry ice, and spontaneous cooling (includin%
acidculTRE §§odrF Ba¥IHg)i2e & krewpreqehing means. For

example, an air conditioner can be used. Examples of the
known cooling means include cooling with ligquid coolant such
as water, ice water, or liquid nitrogen, cooling with solid
coolant such as ice or dry ice, and spontaneous cooling
(including circulating air cooling). In the present
invention, a cooler using the liquid coolant is preferable.
A cooler usiqg water 1s more preferable. The cooler may be
provided to any of a circulating pipe, a tank, and a mixing
vessel. Most preferably, the cooler is provided to the
circulating pipe. The cooler can suppress an increase in
temperature due to hydration during mixing sulfuric acid of
different concentrations.

Preferably, the recycling apparatus according to the
present invention further includes at least cne selected
from the group consisting of a pump, a pipe, a valve, and a

mixing vessel. Any pump can be used for charging and



10

15

20

25

15 invention, a cooler using the liquid coolant is
preferable. A cooler using water is nore preferable.
The cooler may be provided to any of a circulating
pi pe, a tank, and a m xing vessel. Mst preferably,
the cooler is provided to the circulating pipe. The
cool er can suppress an increase in 20 tenperature due
to hydration during mxing sulfuric acid of different
concentrations. Preferably, the recycling apparatus
according to the present-itention further includes
at | east one selected fromthe group consisting 8P3R13393
punp, a pipe, a valve, and a 25 m xing vessel. Any
djntemdamghéiused dorgahagiprgsandeld FEOPEIFI e, known
di scharging liquid or gas by pressure. For exanple,
Plpémwﬁuc%u APs rsgéhresatidnd pruowar i Hgtpuysumaot geptrifugal
unps centr|fugal punps, axial-flow punps, and jet
s %9 1pél ageaumpﬁpe %G PHEPHITRY beypisasbul ar
e used. For

R%%fé?‘ pe? pl?aét??ﬁrﬁubu quﬁBSEEg%ﬂﬁglpes Su%@ tery

reéu%ﬁ?ﬁ%ﬁgghg§glrectlon o%g%ﬁ g dﬁ%@ﬂ%{glﬁﬁpes
vy @fi peas Qﬁd' bEth &y hitae magebem@edpl PANRYaRGe8N¥an

known pipe. Any m xi ng vessel can be used for m xing

bd iYs<lD folre regxlat en@ftha ddinecstibhusf cclecd i raprdliwadbeging
sulfuric acid with (ii) the hydrogen peroxide

ox ol of and/ or haderd imytheknéwﬁ m Riegeires gely bechny
as a t.ank, a contajner, a case, can, and a hottle

KRQHP B PEs e dAPY il R rRSSTL Chbehei Gfed for mixing (1)

the mixture of virgin sulfuric acid and waste sulfuric acid
with (ii) the hydrogen peroxide solution and/or water. Any
known mixing vessel such as a tank, a container, a case, a
can, and a bottle may be used. 1In the present invention,
the concentration of sulfuric acid in the mixture of virgin
sulfuric acid and waste sulfuric acid is preferably adjusted
in the mixing vessel depending on the requirement by the
user C. More preferably, a hydrogen peroxide sclution
and/oxr water are used as a diluent for adjusting the
concentration. Most preferably, a hydrogen peroxide
solution or water is used alone as a diluent for adjusting
the concentration.

In the present invention, the recycling apparatus of
waste sulfuric acid can be manufactured by providing a
receiving tank for receiving both virgin sulfuric acid (a)

and waste sulfuric acid (b) having a concentration different



10

15

20

25

the concentration of sulfuric acid in the m xture of
virgin 15 sulfuric acid and waste sulfuric acid is
preferably adjusted in the m xing vessel depending on
the requirenent by the wuser C. Mre preferably, a
hydr ogen peroxi de solution and/or water are used as a
di luent for adjusting the concentration. Most
preferably, a hydrogen peroxide 20 solution or water
is used alone as a diluent for adjusting the
concentration. In the preseht 7nvention, the recycling
apparatus of waste sulfuric acid can be manuf act 88¢#1393
by providing a receiving tank for receiving both
£ womt gilats WEf thecvaedth ()] REriandcwast enauby Undrialiing the
(b) having a concentration different - 15 S03P1393
taplomitthat(10f at héxef rghansul (RUr ecmésed; ardich yoncentration
providing the tank with (1) a m xer_ alone, (2) a
TORIEGT rafd @ BoRREMRIAE ciPolegniroFombinat HikeOtard) a2

| [ i nat i 3 ' . . .
nEB o AP S RO TOroTha ™S 001 Br SPRLEB At AaRdREch0n-
T8 dRITHENGARPALA Uk Qlast@ LRI SULIUTAL: AU I rapi e

suitable ]gor e use In a systemrtor coO ][eC I nNg V\IaSt-Le

£SHIHY WGeaghda gg@@é@tﬂ 1330906 CwRELE Ml furic acid
transporting it by a carrier B, and recycling it for

gemistadl a@ HSebubtd esiGe Ychrapppbatusg bty e a carrier B,
installed at any of the source 10 site A the carrier
alB] rguyalhaguser fetteeGe mrtefremablysibe Cthe user site
C. Preferred enbodi nents of the present invention wll
nowSuch apparatus may be installed at any of the source
site A, the carrier B, and the user site C, preferably, at
the user site C.

Preferred embodiments of the present invention will now
be described with reference to the drawings.

Fig. 1 shows a recycling apparatus of waste sulfuric
acid including a receiving tank 3, pumps 2a and 2b, valves
5a and 5b, a concentration monitor 7, a cooler 6, and a
vessel 8. In this recycling apparatus of waste sulfuric
acid, one receiving tank receives both waste sulfuric acid
and virgin sulfuric acid. The concentration of the virgin
sulfuric acid used in the recycling apparatus of waste
sulfuric acid shown in Fig. 1 is preferably from about 80 to
100 mass percent, more preferably from about 85 to 99.9999
mass percent, and most preferably from about 95 to 99 mass

percent. The concentration of sulfuric acid in the waste

used in the recycling apparatus of waste sulfuric acid shown
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be described with reference to the drawings. Fig. 1
shows a recycling apparatus of waste sulfuric 15 acid
including a receiving tank 3, punps 2a and 2b, val ves
5a and 5b, a concentration nonitor 7, a cooler 6, and
a vessel 8. In this recycling apparatus of waste
sulfuric acid, one receiving tank recei ves both waste
sul furic acid and virgin sulfuric acid. The
concentration of the virgin 20 sulfuric acid used in
the recycling apparatus of Waste sulfuric acid shown
in Fig. 1 is preferably fromabout 80 to 100 nas§03P1393
percent, nore preferably from about 85 to 99.9999

imeBsg per dentpredadabbgt fpdefaicakl Y teonp akosd R5dent99
mass percent. The concentration of sulfuric acid in

mphe mesierad yusedmi abelle 4&dycii9ngaappaeaterst ofandagost
sulfurlc acid shown - 16 S03P1393 in Fig. 1 is

PRREF IR VoMo APaBBUBC 09 P D JarEs BepesRENt, nore

S B0 o 8 BT e
FrpABR PR G Mok P00 1 Seceins

whEELI B rMaS! Bl Eyaﬁgpméﬂi i, 2BSBALEEL: DY (B iGRY Hher
1 using the punp 2a, and can also recelive virgin

patp f28, @racicdnualsg tdeeivRprdan Iheraeleiading dsank Bhe
is provided with a thernonmeter 4. The receiving tank
PRNP tdee plim’ip Zigcetihend Otardt \Fed sSpramiidéd, wirid & he
vessel are connected with pipes. These connections

%Wm% 4-ci FBAI BeFoh diest Phethaspemr 2b, the

valves 5a and 5b, and the vessel 8 are connected with pipes.
These connections structure a circulation system. The waste
sulfuric acid and the virgin sulfuric acid in the receiving
tank 3 circulate in the circulation system by actuating the
pump 2b, opening the wvalve 5a, and closing the valve 5b.
Thus, the waste sulfuric acid and the virgin sulfuric acid
can be thoroughly mixed. The cocler 6 and the concentration
monitor 7 are provided on the pipe from the valve 5a to the
receiving tank 3 for cooling and measuring of the
concentration during the mixing process. When the
thermometer 4 reads a temperature higher than a
predetermined level, the circulating solution is cooled
through the cooler 6. In the present invention, the
thermometer 4 and the cooler 6 may be automatically
controlled by a CPU or the like. The predetermined

Lemperature may depend on the type of the receiving tank.



10

15

20

25

sul furic acid and the virgin sulfuric acid in the
receiving tank 3 circulate in the circul ation system
by actuating the punp 2b, opening the valve 5a, and
closing the valve 5b. 15 Thus, the waste sulfuric acid
and the virgin sulfuric acid can be thoroughly m xed.
The cooler 6 and the concentration nonitor 7 are
provi ded on the pipe fromthe valve Sa to the
receiving tank 3 for cooling and neasuring of the
concentration during the mxing process. Wen the 20
thernoneter 4 reads a tenperature higher than a S03P1393
predeterm ned level, the circulating solution is
coolddn theotighcdttaratdenemofitdh T hendiresent a
invention, the thernoneter 4 and the cooler 6 may be
pPrrAshiramiiagd goneontratiad dfy salCruiorachd |tihee vallve 5b
. predeterm ned 25 tenperature may depend on the type of
1% RPeECepPrnghe andlva Pa $e3p1998d- WhER1§hethe solution
cancentration nonitor i.ndi_cat.es r edet er.m ne .
e At PN 7 S T LT Snecas ERG DT Ve gD FoLfuric
d I [ 0 : e lLutign
2 GRERERRE chRGud Y8 Bk, SO ed D AR 8
T8 rdde® Pmdfbd PRSSER AiOUIRayNgeNEhY PR N GueRLEE S
the vessel 8. The predeterm ned concentration nay
oflepane of the pasposas fuafio edsd. of 1hH hehevasteasenttl f uri c
acid. In the present invention, the concentration of
inyerftione abedcondénttadd dyy oft kel fontenciat iimdimenetioby
7 1s preferably used as _a 10 reference for

R (TERAE PO ROB IR & dfF PésdeRERLAitFsthEsr 2

reference for determination of amounts of reagents and water
to be supplied. After the mixing in the circulation system,
the concentration of sulfuric acid may be adjusted in the
vessel 8, if necessary. When the concentration of sulfuric
acid is higher than a predetermined level, the sulfuric acid
mixture is diluted with a hydrogen peroxide solution and/or
water. The amount of the hydrogen peroxide solution and/or
water added for the dilution is preferably calculated based
on data provided by the concentration monitor in the
circulation system. When the diluent is added, the solution
mixture is preferably mixed with the hydrogen peroxide
solution and/or water. Obviously, the vessel 8 functions as
both a reserveoir and a mixing vessel. In the present
invention, the vessel 8 is preferably connected to a
manufacturing line with pipes or the like.

Fig. 2 shows a recycling apparatus of waste sulfuric
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to be supplied. After the mixing in the circulation
system the concentration of sulfuric acid may be
adjusted in the vessel 8, if necessary. Wen the
concentration of sulfuric acid is higher than a
predeterm ned |l evel, the sulfuric acid 15 m xture is
diluted with a hydrogen peroxi de sol ution and/or
wat er. The anmpunt of the hydrogen peroxide sol ution
and/ or water added for the dilution is preferably
cal cul ated based on data pkdvided by the
concentration nmonitor in the circulation system WAéRl393
the diluent is added, the solution 20 mxture is
aptefardhidy ng xedepeihiidecdndBogenmper DXifed 50 W noker
and/ or water. Qbviously, the vessel 8 functions as
9ba e egsérvai roapenrat iamagonaseel 7, | and e wrlose .
i nvention, the vessel 8 is preferably connected to a
T PAGEPPREA IS P hised o UL ABTLF KRC1PE i g, 2

uf
h . i t f t lfuric, - .18
CESR SRS PRRFTER SR BERLS BN Tt piver
P50t HOIEE o518 SO B SECDEILIA] Vo, 5, 1or

ré&fe Wasie wadkbUELEr@si @ dSia char astgihzeth ik idakitdhe The
concentration nmonitor 7, the mxer 5 9, and the cool er

cénaare artdvinde £t ohé heirgiaeisulfgrti ankc3df @sed riecaing ng

waste sulfuric acid and virgin sulfuric acid. The
recicldmg appenadhist vt wast muddufrdri schdi shawedn Fighe2
. recycling apparatus of waste sulfuric_acid shown in
1§ ytnidan Losthptatn ' 1R shehe asBiGholn iTReFi g.
cgﬁcég¥%ation of sulfuric acid in the waste used in the
recycling apparatus of waste sulfuric acid shown in Fig. 2
is generally about 80 mass percent or less.

In Fig. 2, the pump 2c and the receiving tank 3 are
connected with a pipe. The receiving tank 3 can receive
waste sulfuric acid transported by a carrier 1 using the
pump Zc, and can also receive virgin sulfuric acid using the
pump 2c¢. The receiving tank 3 is provided with the cooler 6,
the concentration monitor 7, and the mixer 9. Therefore,
the mixing by the mixer 9 can be performed in the receiving
tank under cocling by the cooler 6 and measuring of the
concentration of sulfuric acid by the concentration monitor
7. The receiving tank 3 and the valve 5¢ are connected with
pipes. When the concentration monitor 7 indicates a

sulfuric acid concentration higher than a predetermined

concentration, the pump 2d is activated and the valve 5c¢ is
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10 concentration of sulfuric acid in the waste used in
the recycling apparatus of waste sulfuric acid shown
in Fig. 2 is generally about 80 nass percent or |ess.
In Fig. 2, the punp 2c and the receiving tank 3 are
connected with a pipe. The receiving tank 3 can
receive 15 waste sulfuric acid transported by a
carrier 1 using the punp 2c, and can al so receive
virgin sulfuric acid using the punp 2c. The receiving
tank 3 is provided with thelZooler 6, the
concentration nmonitor 7, and the mxer 9. Therefo0f@3P1393
the m xing by the mxer 9 can be perforned in the
opaosd Vi Mhus20thankeowielesd cesltiengubyutbe £oad gfadseand
measuring of the concentration of sulfuric acid by
threu@brideneaveohc nond tidren 1s Thusedeei Vhagneatst e3mangd
the valve 5c are connected with ggpes. When t he
e

CRRTRIEHA Ao ASB R BT 79 rfdiedatiss
[ .hi.gh h d i ned 25
o e tn YRR her D TBUSEL Poat b SRR Wl ve
céx?xr%csce'd B aSQQE&]?Q&mﬁiF}%%%neTBEStPEhS éxe"é’igiee% Yaghe
su roug

uric acid passes t the valve 5C and then'i's

pifg§qg=tﬁ@elgkgdeternined concentration is simlar to
that in the case shown in Fig. 1. In the present

i nventi.ofl, shies val e y@d ing ppphesald Yo S vearrestuedut dca

manufacturing line of the user site Cwith pipes or
aehe inddadipggregeinbve twnkecyel brgpapper aldis 207, wast &g,
oSl uri G geachd Lng!uding Jeceiving tanks 3. pumps 2e.
concentration monitor 7. The recycling apparatus of waste
sulfuric acid is characterized in that waste sulfuric acid
and virgin sulfuric acid are received in the respective
receiving tanks 3. The concentration of sulfuric acid in
the waste and the concentration of the virgin sulfuric acid
used in the recycling apparatus of waste sulfuric acid shown
in Fig. 3 are similar to those in the case shown in Fig. 1.
The concentration of sulfuric acid in the waste used in the
recycling apparatus of waste sulfuric acid shown in Fig. 3
is similar to that in the case shown in Fig. 2.

In Fig. 3, the pumps 2e and 2d, one receiving tank 3,
the valve 5d, and the vessel 8 are connected with pipes.
The pumps 2f and 2g, the other receiving tank 3, the valve
5e, and the vessel 8 are connected with pipes. Waste

sulfuric acid transported by a carrier 1 is received in the

receiving tank 3 by activating the pump 2e, and then is

S uhwmpdind Fig. 1.
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pi pes, valves 5d and 5e, a vessel 8, a cooler 6, and a
10 concentration nonitor 7. The recycling apparatus of
waste sulfuric acid is characterized in that waste
sulfuric acid and virgin sulfuric acid are received

in the respective receiving tanks 3. The

concentration of sulfuric acid in the waste and the
concentration of the virgin sulfuric acid 15 used in

the recycling apparatus of waste sulfuric acid shown

in Fig. 3 are simlar to thé&e in the case shown in

Fig. 1. The concentration of sulfuric acid in th803P13593
waste used in the recycling apparatus of waste
rectfwrd dradhe shewali ® By gapedinigs thenrhdhve thd taéat i n

the case shown in Fig. 2. 20 In Fig. 3, the punps 2e
aghbvatdndoiider sprpyvEAg t\Ergin SUtlﬁérml w@dls amgetived in
vessel 8 are connected with pip punps 2f and

LYy, TR O HeFaPEcdi Y rr?gcftﬂafﬁi@lyg Phe E‘é}FR/errS@ndaﬁ&ePhéS
rYE85Rlq §,818.Con08ct o i to%e%lr%gsgh\?’gg;ef%}%} -

cid Fansport y a C rrrer

a LRIt t%%nguﬁpbygaCti n%ﬁ%@@n@“ﬁ%&%ﬁﬁ)éH“jtkgeQaste

is 20 03P13 received I n vesse

stheuMal wei%daafdeRet ¥ ydimGul e rPUMRc 24 afé'ﬁyéferably
sulfuric acid is received in the receiving tank 3 by

mzxﬂd\hy|umyetﬁéopunn 2ie aradelh@n | STheressialed® il t he
vessel ening the valve Se and 5 activating the

pmmpiez:b wi %1 Fg@ prebents iandehirononcert yaisian molifori €.
acid and the virgin sulfuric acid are preferably

THE P ISF i FEDIPFIES Y (o dBFTeaSTHEn JeRwmarasure, and

the concentration monitor 7 monitors the concentration of
sulfuric acid of the solution mixture. When the
concentration of sulfuric acid reaches a predetermined
concentration, the recycled sulfuric acid can be reused.

The predetermined concentration is similar to that in the
case shown in Fig. 1. In the present invention, the wvessel
8 is preferably connected to a manufacturing line with pipes
or the like. The vessel 8 functions as both a mixing vessel
and a reservoir.

Fig. 4 shows a recycling apparatus of waste sulfuric
acid including a receiving tank 3, pumps 2h and 2i, pipes,
valves 5f, 5g, 5h, 5i, and 5j, a concentration monitor 7,
and a cooler 6. This recycling apparatus of waste sulfuric
acid is characterized in that waste sulfuric¢ acid and virgin
sulfuric acid are mixed by a circulation system and that the

cooler 6 is provided to the receiving tank 3. The
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provided with the cooler 6 and the concentration
monitor 7. The cooler 6 is activated by an increase
in tenperature, and 10 the concentration nonitor 7
nonitors the concentration of sulfuric acid of the
solution mxture. Wien the concentration of sulfuric
acid reaches a predeterm ned concentration, the
recycled sulfuric acid can be reused. The
predeterm ned concentration is simlar to that in the
15 case shown in Fig. 1. tréthe present invention, the
vessel 8 is preferably connected to a nanufacturSﬂ@P1393
line with pipes or the Iike. The vessel 8 functions
cascdxdtratd om wif Nghe estedin and fardeseaevai sénd Hilge 4 shows
a recycling apparatus of waste sulfuric 20 acid
conganidiatg oa pécéililffwglq @n:kld3 lnp@hpswaht@n@qi imitpes,
val ves 5f, 5g [ a . concentration nonitor
recycling gpeaaﬁ*éPSeof 'I"Fﬁ%ter éé’}éfluffﬁﬁ aphar shuH gn Fdet et
ul f.ur.i ci char cterlzed n_that mast.e sul furic
25T §£ﬁ1%§rv%rgggose %QLﬁﬁ(3 dsngnn%Qe%l y a
C|r I ong sy ha h er
G @%b 4 éﬁ@ u}{& 2] Ehle S%igéeﬁioﬁz 5g6 ?%fsgg' and

provided fo th e|V|ng tank

tl@@métlmhgoeaﬁfc 3 heriddgine bl Wits pobdks andvatsf&%
concentration of sulfuric acid in the waste used in

sthiirireeyddi ngaagpartddibyofa wastteéesul f Ui | eadivébds hiawihe
in Fig. 4 are simlar to those in the case shown in
reyeiving Sapk Biby activedipgnphehpunhelly e omBninggthe
zg}rnwg%sgh V\Zgge gll:l]g recel}:vrll Qc ltsarc]:lésg,a{:l'ele Cv?ansnteeCts%quVgrtlg
acid is transported by the carrier 1 having dedicated
containers. Even if these containers are distant from the
receiving tank, the valves 5f, 5g, and 5h, the pump 2h, and
the receiving tank 3 can be connected with the pipes. Thus,
the virgin sulfuric acid can be received in the receiving
tank 3 by activating the pump 2h and opening the valves 5f,
5g, and 5h. The receiving tank 3, the pump 2i, and the
valves 51 and 5] are connected with pipes to structure a
circulation system. The waste sulfuric acid and the virgin
sulfuric acid in the receiving tank 3 are circulated in the
circulation system by activating the pump 2i, opening the
valve 5i, and closing the valve 5j. Thus, the waste
sulfuric acid and the virgin sulfuric acid are mixed by
interflow. The receiving tank 3 is provided with the cooler

6 and the concentration monitor 7 for cooling and measuring

the concentration of sulfuric acid. When the concentration
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sul furic acid transported by a carrier 1 is received

in the receiving tank 3 by activating the punp 2h and

opening the valves 5f, 5g, and 5h. In this case, the

waste sulfuric 10 acid is transported by the carrier 1

havi ng dedi cated containers. Even if these containers

are distant fromthe receiving tank, the val ves 5f,

59, and 5h, the punp 2h, and the receiving tank 3 can

be connected with the pipes. Thus, the virgin

sul furic acid can be recefvet 1n the receiving 15 tank

3 by activating the punp 2h and openi ng the val ve805F13393

59, and 5h. The receiving tank 3, the punp 2i, and the
nwal bees 75iindndabes a epatatectededi thnpepesatimrst ket ur e

a circulation system The waste sulfuric acid and the
refyqiad ssdfRbircagtd diy disshareedi by nglesiniky Ther walve 5i
a&%rculated in the 20 circul ation s¥sten1b activating

CHMPpIR2itieoBrhfait HOT F&vE - 5i Tharkireded<img nere
v . Thus, _th t [ furj i d d th .
c%lﬁeéﬁtﬁglstap Y3 simﬁoav@scoe thsé% lﬁ;lt.ﬁ? ﬁ%&% ﬁsgwwn.rﬁ.g Fig. 1.

uri c acl are nixed

Ik Q4R ﬂr@gehﬁnknéeﬁi?i&{,o@h%e@]@%éh5 hes %n%rﬁé)g nd

the concentration nonitor 7 coolin uring
cathdditedcescenhiatf v firguhfiuel sraghd. wdhenithec with

concentration - 22 SO03P1393 nonitor 7 indicates a
riwesdetrethiengédlkeoncentrati on, the recycled sulfuric

acid is discharged by closing the valve 51 and

opeAhfAgreRec iy eprpargsusr eliseas thes Prisddicepriidetls used

concaitration is simlar to that in the case shown

£ GOITCEiPg PREEH BT PEARI BROCTHET Aty GhS) SPyrce
si e?%sr%95¥sporting it by the carrier B, and recycling it
for reuse at the user site C, and for recycling the waste
sulfuric acid.

The user site C means any place where the recycled
sulfuric acid from the waste sulfuric acid can be used.
Examples of the user site C include manufacturing factories
or firms of various industrial fields; i.e. electric and
electronics including cathode-ray tubes and substrates,
steel, inorganic chemicals, organic chemicals, drugs,
textile, fertilizer, metal, mining, paper, soda chemicals,
machinery, battery, and neutralized gypsum industries.
Preferable examples of the user site C according to the
present invention are manufacturing factories or firms of
electric and electronics, steel, inorganic chgmicals, and
organic chemicals industries. The electrical and electronic

products manufacturing factories or firms are more
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connected to a manufacturing line of the user site C
Wth pipes or the like. The recycling apparatus of
waste sulfuric acid is used for collecting waste

sul furic acid generated at the source 10 site A
transporting it by the carrier B, and recycling it for
reuse at the user site C, and for recycling the waste
sul furic acid. The user site C neans any pl ace where
the recycled sulfuric acid fromthe waste sulfuric
acid can be used. 15 Exanple3 of the user site C

i ncl ude manufacturing factories or firns of vari 803P1393
industrial fields; i.e. electric and electronics

proafdrahilng eakhedri caydidthes mand faubatiny etactstieql or
i norgani c chemcals, organic chem cals, drugs,
fiexs idrg mogitt preZerablhet alSpeviidingllpaperefenaal examples
chem cal s, 20 machinery, battery, and neutralized
ofyRufsardFitei Esare miEtseiiatice taraAprbar big thastesdes

i i C di th t i i |
(Bl SRR, spLat Sotecro Cope EPLTRI eoqqiodgrgay-tube
. AR . | .
nEp NGy BLPGL1od AR SeERBHLAS] o1 flon RN O
IS SMGiS tRRYLAS T Ushd G fAGHQN ifge 81 &L I Mg & IRie -

23 S03P1393 preferable, and sem conduct or
namnfetirihion §abact Des assi0fg fsolliB i8hem@SIrdY effelsabifaric

Specifically, preferred exanples of the user site C
agi@ auybst hydsogenupenturdengofiattioni es clemigiggetsoliungons

sol utions for_copper foils), cathode-ray-tube
or stripping solutions are more preferable. In the present
invention, the recycled sulfuric acid is preferably used at
the user site C for removing metals, stripping resists,
etching substrates, or treating surfaces. More preferably,
the recycled sulfuric acid is mixed with a hydrogen peroxide
solution and optionally with water and the resulting
mixtures are used as cleaning solutions or stripping
solutions. Since wastewater is in unstable supply, it is

most preferably that the recyceled sulfuric acid be used with

virgin sulfuric acid in consideration of its stable supply.

Industrial Applicability

According to the present invention, a recycling
apparatus of waste sulfuric acid for recycling waste
sulfuric acid in an industrially effective manner and for
supplying the recycled sulfuric acid having a high added

value can be provided. Furthermore, the amount of
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5 manufacturing factories (using stripping solutions
for photoresist nmasks), and plating factories.
Substrate manufacturing factories using solution
m xtures of sulfuric acid and a hydrogen peroxide
solution as cleansing solutions or stripping
solutions are nore preferable. In the present 10
invention, the recycled sulfuric acid is preferably
used at the user site Cfor renoving netals,
stripping resists, etchingiéubstrates, or treating
surfaces. More preferably, the recycled sul furicS88P8393
is mxed with a hydrogen peroxide solution and
waptéwatad yrrelathenat egenrned tdeel fesukkeagidd wasdairs®d furic
are used as cl eaning solutions or stripping
aghi (Faoks rsdicednasi@wsldad andnwaRsewdter signsinateid by
is nost preferably that the recycled sulfuric acid be
LR SRSt oy F§Fﬁt%‘allﬂf W3t RecidgcrRa88fsi derati on of
its stable supply. 20 Industrial Applicability
According to the present invention, a recycling
apparatus of waste sulfuric acid for recycling waste
sulfuric acid in an industrially effective manner and
for supplying the recycled sulfuric acid having a
hi gh added 25 val ue can be provided. Furthernore, the
anmount of 24 S03P1393 wastewater treatnent agents
used for treating waste sulfuric acid can be reduced,
and sl udge and wastewat er generated by the wastewater
treatnment can be decreased. - 25
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SO03P1393 CLAIMS 1. A recycling apparatus of waste
sulfuric acid for collecting waste sulfuric acid
generated at a source site A, 5 transporting it by a
carrier B, and recycling it for reuse at a user site
C, the recycling apparatus of waste sulfuric acid
conprising; a receiving tank for receiving virgin

sul furic acid (a) and waste sulfuric acid (b) having
a concentration different 10 fromthat of the virgin
sul furic acid; and (1) a m%®r-alone, (2) a mxer and
a concentration nonitor, or a mxer and a cool erSPaP1393
conmbi nation, or (3) a mxer, a concentration nonitor,
and a cooler in conbinatiorAIMS 2. The recycling
apparatus of waste sulfuric acid according to claim
1, wherein the receiving tank has the sane or

different inlets for receiving the virgin sulfuric
ati d & HEYFA LR hRREF SUIFuMPE tac P TRy L haRity o

C ration different fromthat of .the virgin .
o s el L RS A g RkpParat bt ol gite &
£ S G rachd fYrihely s | ShRO,8.GLT £ Aty

for 15r?ir_xi ngf:_t he gi rglggrfrlsu uric agléa%aﬁ%ﬂldét écs%%gltgg]
atW fuldrC sagkdc( bihe Srecg}_tq 1RC Kpbh Pt BPPS atdli Llsuiastec
sulfuric acid 25 according to claim2, wherein the
acid cmptriighingystem further - 26 S03P1393 conprises a
cool er.

a receiving tank for receiving virgin sulfuric acid (a)
and waste sulfuric acid (b) having a concentration different
from that of the virgin sulfuric acid; and

(1) a mixer alone, (2) a mixer and a concentration

monitor, or a mixer and a cooler in combination, or (3) a

mixer, a concentration monitor, and a cooler in combination.

2. The recycling apparatus of waste sulfuric acid
according to claim 1, wherein the receiving tank has the
same or different inlets for receiving the virgin sulfuric
acid (a) and the waste sulfuric acid (b) having a
concentration different from that of the wvirgin sulfuric
acid, the recycling apparatus of waste sulfuric acid further
comprising a circulation system for mixing the virgin

sulfuric acid (a) and the waste sulfuric acid (b).

3. The recycling apparatus of waste sulfuric acid

according to claim 2, wherein the circulation system further
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4. The recycling apparatus of waste sulfuric acid
according to claiml1l, wherein the concentration of
sulfuric 5 acid in the waste is 50 to 90 mass percent
and the concentration of the virgin sulfuric acid is
70 mass percent or nore. 5. The recycling apparatus
of waste sulfuric acid 10 according to claim1,
wherein the source site Ais a factory or firmfor
manuf act uri ng sen1conductors 6. The recycling
apparatus of waste sul furfc2@ctd according to claim
1, wherein the carrier Bis a vehicle or 15 a shB@3P1393
7. The recycling apparatus of waste sulfuric acid
cempuighNG tawodkeai.m 1, wherein the user site Cis a
factory or firmfor manufacturing electrical and

el ectronic products. 20 8. The recycling apparatus of

m%ste sul furic, acid accordkag to claim1 further
nprifét g HiRPnPRRERENS B WaitRi ABLFRY1E REIA xture

If id d f cid with,
<BLoYAER UHLAEL S A0k A0 Mo Len BULLYELS, 20 Sl
a§9§9ﬁ39§1e %as%e”%h%* {Orod ?&é%' n%}é@%ﬁ _ fﬁ{é ¢ acid

by recycling the waste sulfuric™aci

c?@@é‘:ﬁiﬁd&fﬁpg&f ahbsvotgimasiigusikf HEE g ﬂ@' 0 LY HePBent
O Clalm
QY more.

5. The recycling apparatus of waste sulfuric acid
according to claim 1, wherein the source site A is a factory

or firm for manufacturing semiconductors.

6. The recycling apparatus of waste sulfuric acid
according to claim 1, wherein the carrier B is a vehicle or

a ship.

7. The recycling apparatus of waste sulfuric acid
according to claim 1, wherein the user site C is a factory

or firm for manufacturing electrical and electronic products.

8. The recycling apparatus of waste sulfuric acid
according te claim 1 further comprising a mixing vessel for
mixing (i) the mixture of virgin sulfuric acid and waste
sulfurié acid with (ii) a hydrogen peroxide solution and/or

water.



10. (Cancelled) 11. (Cancell ed)
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9. A method for reusing waste sulfuric acid by recycling

the waste sulfuric acid with the recycling apparatus of

waste sulfuric acid according to claim 1.

10. {Cancelled)

11. {(Cancelled)



