1 METHOD AND APPARATUS FOR CONTI NUOUS SYNTHESI S OF AQUEQUS ALUM NUM SULFATE
SOLUTI ON FROM ALUM NUM HYDROXI DE SLUDGE Thi s i nvention relatesﬁgﬁcg gﬁ%?gio
and apparatus for the continuous synthesis of an aqueous al um L
solution -froman al um num sl udge, containing al um num hydroxide as a nmain
conponent, obtained as an effluent in the treatnent.of alum numfor the
production of Alumte (an al um num product hagving a corrosion proof coating
fornmed thereon by anodization). In the Alunmite treatnent process, as a €.
pretreatnent step, an alum num blank is etched with a caustic soda sol ution
to renove.scratches or other simlar flaws and to snooth its surface. Al so,
when reprocessing (recoating) a rejected al um num product, this product is
treated with a caustic soda solution to renove the oxide coat therefrom

Subsequently, the pugtép!ENDAABPRRATUS FOR ic%msech‘hprm ¢

oxi dation and to efectrotrytrtc coforattronm tm a surtTuartrc acltd solutton.

During these treat menpe, AGUECUBURLUMINUY SULFATY \sot.ursowipRéM al umi num
blank into the acid sorurtonm and entrai ned thereby Tnto an adj] oi ni ng

washi ng tank. The spent washi NZLUMINUM $IYDROXIDE:GLUDGE step for the
di sposal of waste water. Whil®& The waste water 1S 2 undergoing a
neutralizing treatnent, a white precipitate

This invention relates to a method and apparatus for
~the continuous synthesis of an aqueous aluminum sulfate

'solution from an aluminum sludge, containing aluminum

hydroxide as a main component, obtained as an effluent
in the treatment of aluminum for the production of
Alumite (an aluminum product having a corrosion pro#f

coatin§ forméd thereon by anodization).

In the Aluhige treatment procéss. as a pretreatment
step. an aluminum:blank Is'etched-with a caustic soda
solution to remove scratches or other similar flaws and
to smooth its surface. Also, when reprocessing
(recoating) a rejected aluminum product, this produ;t is &w
treated with a caustic soda solution to remove the oxide
coat therefrom. Subsequently, the pretreated aluminum

" blank is subjected to anodic oxidation and to
electrélytic coloration in a sulfuric acid solution.
During these treatments, aluminum ions are dissolved out
of the aluminum blank into the acid solution and
entrained thereby into an adjoining washing tank. The
spent washing water is forwarded to a step for the

disposal of waste water. While the waste water is




“of alumi num hydroxide is formed. The waste liquid (slurry). consequently
produced is generally flocculated by the addition of an acryl am de type
macr onol ecul ar flocculant to forman. al um num sl udge (hereinafter referred
to si:nply as "sludge") and the sludge is subjected to subsequent treatnent
(to:Be discarded or recovered). The sludge generally conprises 83 to 87% of
water,. 8 to 12% of [err] and 6 to 3% of inpugities (such as [err] and
orgaﬁ?% substances). In the surface treatnent of alum num an aqueous

sulfuric acid Sphadig@iag AISeeutPalesPNg theacR@AL]rANWALYE! PHELEYIEaEES.
and the coat adhering to the surface of a jig. As a result, waste sulfuric

“acid is producesk .aihmEnuRsShed soxidé i £s agdbem@@neral ly conprises 75 to 95%
~of free [err] and 2 to 0.5%of [err]. In order to prevent environnental
pollution and to preserve resources, the studge and the waste sulfuric acid
rising fromalum num surface treatment operations are generally used to
prepare an aqueous Bheirwasme slidquid toluriyh. cohsegeeantiynproduteddien the
synt.hesis of alum num sulfate, however, proceeds so quickly as to render
control of trmaGQﬁﬁ§4¥#WW&4QﬁﬁQ§a%ﬁ¢fbﬁugk? #dinkten efnap apeYiamdfdAum

- sulfate as a final product should have a pHto suit its end purpose. 3
- the final pH %Pt HRASKARNERFRLAT b QC ey ?nBet%dfﬁgPeﬂnsﬂlgglP Bequal the

pH of the alun1£%ﬁﬁé%”{ﬁ%§%i§%£¥§}t£%fzrred to simply as "sludge") and

the sludge is subjected to subsequent treatment (to be
discarded or recovered). The sludge generally comprises
83 to 87% of water, 8 to 12% of Al(OH),, and 6 to 3%

of impurities (such as Sio2 and organic substances).

In the surface treatment of aluminum, an agqueous
sulfuric acid solution is used to remove the coat from
aluminum surfaces and the coat adhering to the surface .
of a jig. As a result, waste sulfuric acid is
produced.. This waste sulfuric acid generally comprises

75 to 95% of free H

2° and 2 to 0.5% of A12(SQ4)3.

.In or&er to préveﬂt_environmental ppllution and to
' preserve resources, the sludge and the waste sulfuric'
acid rising from aluminum surface.treatment operations
are generally used to p:eparé an aqueous'aluminuﬁ
sulfate sblution.  The reaction involved in the
.synthesis'of aluminum sulfate, however, proceeds so
quickly as to render control of the reaction velocity
difficult. PFurther, since thé aluminum sulfate as a

final product should have a pH'to suit its end purpose.



adjustnent of the pH.is difficult, it has been regarded as difficult to
produce an.aqueous alum num sulfate solution by a continuous synthesis. The
synthesis of an al umi num sul fate sol ution-from sl udge has been heretofore _
carried out only as a batchwi se process, which generally conprises charging - .
an appropriate reaction vessel with a fixed anount of waste sulfdric acid
and heati.ng the contents of the vessel with a3fixed amount of sl udge bein
gradual |y supplied thereto. In the above batch process the.reaction-ves§Eg Lot
shoul d be nade ofhe fimalypBoefothensynthesiat Lhiguédi ahsbebaued jussced so
contents of the vessel conprise mainly highly concentrated waste sul furic
acid during the a%i%9a#aqdahgkhe Pt pE phecaiyminpyr sulfapee, $dgsel shis - .
provided with a glass-lining_ are connpnlx,uSedffor the synthesis. Such _ '
vessel s have thea@T%%H%%BFaggstFﬁaPHth%y AFL1ER Ensitehagnbgrp grERIEdgA:
~ mai ntenance works_of, air_and-inspection, and tend.to,break sily.
- Moreover, since $he %éﬁfﬁ%i?st?5953$F?8daﬁu?qﬁﬁ?gﬁmfégmlpﬁg_P@Z?PFSn vessel
"~ nust be large, -t | V] p iy OLil y large and the equi prment

.as a mhole'occub$€£9%i¥%Pg%-ggféﬁgfgﬁéggl%%#gggég%‘ThuS, the synthesis

-

i-nvol'ves high equi pment costs and the reaction - 4 vessel cannot be easily
expanded to increase capacity. ‘Further, ow ng to the batchw se production
- the L The synthesis of an aluminum sulfate solution from

sludge has been heretofore carried out oniy as a
batchwisé process,_which generélly_comérisés charging an
_appropriaté_reaction vessel with a fixed amount of waste
sulfuric acid”and_neating'the éontents of the vessel

with a fixed émount of sludge bein§ gradually supplied

-

thereto.

'in the gbdve batch process ﬁhe reaction vessel
.should be'made of a highly corrosion-resistant material
because fhg cpntéﬁts_of the vessel comp:ise.ﬁainly..
highly concentratéd-waste-sulfuric acid during the
initiél stages of the process. For éxample. vessels ;;
provided with a glass-lining are-comﬁoniy'used for'thg |
synthesis. 'Such vessels have the disadVantagés that
théy are expensive, entail diffiéult maintenance works
of :epair.and inspection, and tend to break easily.
_Moréover. since the synthesis is carried out batchwisg.
‘the reéction]vessel must be 1a;ge. the driving poWer_is“
proportionately large and the_équipment as a whole
occupies a lérge volume and flopr area. Thus.'the - .

synthesis involves high equipment costs and the reaction



"synthesis has the di sadvantage that the operation is. conplicated in
procedure and inferior in efficiency and the synthesis vessel, which is
heated by neans of a jacket, will suffer froma gradual |oss of thermal
effici-e€ncy due to scaling and entail a high running cost.. Another waste
‘mat erdi al produced in an al unmi num surface treatnent operation is a dilute

aque@us sul furic .acid solution containing alum num sul fate (hereinafter
briefTy referred to as "sulfuric alum') which is formed during recovery of

sul furic aci d MeFRalhCannak ke RIS TG AXPAMPE HRt1RCERRSS FARMT WAL i

by- product in addition to.the sludge.and waste sulfuric acid. To date, the
“ aqueous sulfuri%&’%e(f'scﬂ‘ﬂtq%rf%&ﬂ?%i'?ﬁqﬁ“ﬁﬁ? BRI QUG AR Past MOt been

produced |, PRAIAYS WU S Ao URIE R, DR RS

dealt with by Wwas rea ar’s. ds for

the treatment %fonf?l?ﬁ%t@dytﬁtsgt%@hﬁ% aad?%ﬂf?e&%ﬂ%?%é%f&&?{%%? ﬁ;i n

and a net hod usin use transm ssion nmenbranes, have progress

to the advance i¢fe IdaihdBld 0B d NG FHILAO USs HEJtEd DRGhEP! 3% 1 PN
containing the sulfuric alumis rapidly increasing in'volume. In the

operation of thedRithodriusiiNG Wl d0Eft Afadefl Nddy sepaiedndn for
- exanple, part of the sulfuric acid-containing electrolyte in the
el ectrol yti c celfiffadreryodiue d datdldmoraniC exaihta drigh funmsirsgbiest ed
to an ion-exchange treatnent. Wile the
Another waste'material produced in an aluminum
surface treatment operation is é dilute aquéoUs sulfuric
" - acid solution containing'aluminum sulfate (hereinafter
briefly referred to as "suifuric alum”) which is formed
during recovery of sulfuric acid from the electrolyte
itself and constitutes a problematic by-product in
addition to the éludge and waste sulfuric acid. To
date, the agueous sulfuric acid solution containing
"~ sulfuric alum has not been produced in appreciable
quantities and, therefore, has been sufficienﬁly dealt
xg ' with by waste water treatment. In repent years, various
methods for the treatment éf electrolytes, such as a
method using an ion-exchange resin and a method'using
diffuse transmission membranes, have progressed. _oﬁing
to the advance of these methods, the aqueous sulfukicl
acid solution cbntaining the sulfuric alum is rapidly
increasing in volume. 1In the operation of the method
.usiﬁg an ion-exchange resin for separation, for example,
part of the sulfuric acid-containing electrolyte in the

electrolytic cell for anodic oxidation or AC coloration



~sulfuric acid recovered by this ion-exhange treatment is returned to the

el ectrolytic cell, the treatnent gives rise to a treated water containing-
part'of the sulfuric acid and sulfuric alum Also in the operation of the
met hod-using a diffuse transm ssion nenbrane, part of the eléectrolyte in
the electrolytic cell is treated with the diffuse transm ssion nenbrane.
‘Wiile the sulfuric acid recovered by this tredtnent is returned to the
electrolytic cell, the treatnent produces a treated water conteg_inin%é{gar\t""L
of the sul furic bgi GuBABCERAr P @Rak QAT eXRBAATRULE CAGIeAYs sWtdE theci d
sol ution containin? t he sultgric aIun1generaILy gontains 3 to 6% of kf%éé'
and 7 to 9% of [Bpifurignacidcpecougred bY LtRds; jopsexlangs & eatmeny |
-for the treatnment of electrolytes.has increased.to keep pace w th the
oo ovement o otatrrgeds torbhar Bt Rt R iR ERs Bonne R st et men s
aqueous sul furic_acid, soluiion,has LQWi.ng ;i | e, Ceis
S_'circunstances, tﬁggéaFé.éig%ggggﬁ_8?2?gegagph?glggué§5§n§5lf&%i%gggﬁ 1c
solution has proyeflaa,3gVeneedE 28! STUhC REbIUSLRY oBRFaddolh 28! ithieon
- mght be used in the batchw se synthesis of aqueous alum numsulfate
~solution. Indeegethb® @5€66Nh aPBELSaNtEaRBmibaliby Welbira®el h9agdl W on
for the synthesis. However, since.the sulfuric alum containing aqueous-
sulfuric acid sothéi @Detsralgteuin thguedectirelytécolcellli 4sSalr¢lated iwitan

" . increased vol une 6 : _

the diffuse transmiésibnlmembraﬁe. While the sulfuric
agid.:ecovered'b?-thﬁé'tre;tmentiis retuﬁned to the
électrolytic'cell.'the-treatment produces a treated
water containing'paft'bf the sulfuric aciqd and'sulfuri@'
alum. The dilute aquébus sulfuric'aqid solution
'contéining the sulfuric_aium génerally contains 3 to 6%
of H,80, and 7 to 9% of Al,(S0,),. In recent

years, as the installation of facilities for the
-treatment of electrolytes has increased to keep pade
with the imprbvement‘of quality of the aluminum surface
‘treatement, this dilute aqueous sulfuric acid solution
has been'grdWing'iﬁ volume. In the circumstahces.'tne
safe disbersal_oﬁ the dilute agqueous sulfuric acid

solution has prbved a severe probiem to the industry.

The acid solution might be used in thé batchwise
'éynthesis of aque6us aiuminumISulfate solution. Indeed,
the preSentIapplicants partially utilize the.solution_
for the synthesis. However, since the sulfuric alum-
containing aqﬁeous sulfuric acid solution is a dilute

liquid, the use of this solution in an increased volume

a

Lo
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inevitably results in a decrease in the reaction velocity. Further, since
the synthesis is nmade batchwi se, -it does not suit commrercialization. It is
an object of the invention to provide a continuous process for the
production of an aqueous al um num sul fate solution by effective use of the
sl udge,! waste sulfuric acid, and sul furic alum containing aqueous al um num
sul fate~solution arising in alum num surface t§ eat nent oper ati ons. ’
Accor diNfg to one enbodi nent of the invention there is provided a method for
t he continuous priciRicktalbfreFbeRicblsd AeeFeRee sLRf kRe E8RGEiOR from
by-productS'arimlghéTpn1alunTnun1surface treatment, nane| éi%'an al um num
sl udge conpri si ng’$EE T Y¥ al FEHLRS hy of BRF HetDe i $YNTReS LS sUf 1 BRAR aci d '
arising during the renmoval of _cgpatings_in the surface ireatnent operati on,
and (iii) an al uRHUREIRG arkt CErEN PhS Ut et ettt 2258 sol ution
arising during the recovery of sulfuric acid in the surface treatnent
operation which nethod conprises feeding the sludge, waste sulfuric acid

and al um num sul f at e-gonf ai by %f&# g 4 c%ﬁg@'g?‘r,%égiéga&t,o r??g@\,éi sing a

plurality of reaction vessels so that nateri end t

sequentially tr”F&KH&iKEbN@?&fﬁééééoﬁaﬁh@héiﬁ§6dN@§§@h &P isheabasbuyessel
to undergo reactions at 7 tenperatures of [err]to the boiling point of
the reaction sol Wiy nm@iCsu It ¥¢e Cdo It Dol PAréfPécti®e use of the |
o 'sludge.-waste sulfuric acid, and sulfuric alum-
containing aqueous aluminum sulfate solution arising in

aluminum surface treatment operations.

According to one embodiment of the invention there
is provided a methéd for the continﬁous production of an
agueous aluﬁinum sulfate solution from by-products
arising from aluhinum surface.treatment. namely (i) an
aluminum sludge comprising mainly aluminum hydroxide,
(ii) waste sulfuric acid atising during the removal of

| coatings in the surface treatment operation, and (iii)

Nt T an aluminum sulfate-containing aqueous sulfuric acid

solution érising during the recovery of sulfuric acid in

' the surface treatment operation; which method comprises
feeding the sludge, waste sulfuric acid and aluminum
sulfate-containing sulfuric acid to a reactor comprising
a plurality of reaction vessels so that material fed
tend to flow sequentially through the vessels from the

first vessel to the last vessel to undergo reactions at



al um num sul f at e- cont ai ni ng aqueous sul furic acid solution is fed to at

| east one of the vessels subsequent to the first, and the pH of the
reaction solution in the last vessel is adjusted to a value of from1l.6 to
2.5. sIn the nethod of the invention, the adjustnent of the -pH value of the

reaction solution is an inportant factor Ton7efficient cont i nuous .
synthesis. |In accordance with the present invention, therefore, there-is

- al so provi ded apparatus for the continuqus pr.oduction, of an aqueous

“al umi num sul f at@mISEALNERS Wi 80 °Sp i Hhifs Bl Y RS PE e adj ust nent
f th H val .be ef fect.ed Jy. This- t us . '

Feactor compri SPAGEAOH BOAREAP Tt A deh ) AL RAF T SEITRS vessel s

-adapted to perahl,,GRay f&#&‘i‘f%t%e-%%ﬂt%’ﬁi‘hfg aéedg{!?om&“%ﬁh%c. i sulfuric
acid-and an al um num sulfate-contalning dqueous sulturic acid solution;.a

first feed condyhirlioh 8°¢eA0 tlh@ 2hWaH BN JRlGE QA dY 19 agueous

sul furic acid solution to the first reaction vessel, a further feed conduit

for feeding thgudseguen® $6 frhlee tGHILA RN LGOS WHFdadGigh sol ution -

to at | east one reaction vessel subsequent to the first reaction vessel, a

first pH indi cgbaiutdont ial ltdhe Nase dessdlsdes el jusialr tdea fvalNie asf second

-reaction vessel. 8 a first control valve in connection with first pH
from 1.6 to 2.5. : ' :

In the method of the.ihven;i§n._the adjnstment of
the pH value of the reaction solution is én impoitant
- factor for éfficient cbntinndus synthesis. In
accordénce.with the present'invention._therefbre..there
‘is alsé provided.appara;us_for:the COntinﬁous production -
 of an aqueous aluminum sulfate solution, which-apﬁaratus
is designed sq-that adjustmedt{of-the-pH valué may be
effécted_pfope:ly. 'This”apparatué-cdmprises a reactor
éomprising a plurality of sequentially connected
.reAction ﬁessels adapted=to permit céntinuous';eactions
of aluminum sludge, waste sultﬁric:acid and an aluminum 'i;
sulfate-containing aQueous sﬁlfuric'acid solution;
| a first feed conduit for feeﬁing the aluminum
sulfateacontaining'aqueous_sﬁ;fﬁ:ic acid solution to thé.
first'reaction_veséel. a further feed conduit for
feeding the aiuminum sulfate-coﬁtaining_aqueous sulfuric
aéid.solutioh-to at least one réaction vessel subsequent
to the first reaction vessel, '
a first pH indicator-congroller-recoxder dispoéed

inside the first or second reaction vessel,

I



i'ndi cator-controll er-recorder and adapted to control the rate of flowin
the first feed pipe, a further pH indicator-controller-recorder disposed in
at | east one of the reaction vessels subsequent to the first reaction
vessel, and a further control valve in connection with the further pH

i ndi cator-controller-recorder and adapted togcontrol the rate of flow -
withinthe further feed pipe. Further in the nethod of the invention, the

contro~of the tenpgr FW Honth® 1" RRAVL I 1S UdHne¥t ich Wit %f@g{%am

factor for efficient continuous, synthesis. |In accordance wth a er

embodi ment of t Had;RuRRH-Sdn AN I andl RIRYLEN t3) RRRFA! hd Or
reaction tenperature control designed to permt continuous production of an

aqueous al um nutratel oft €1ow Un ¢he FdRgthEeR@D Y pEgnt i oned -by- product s,
whi ch apparatus conprises a reacion conprising sequentially connected

reaction vessel s, aaf ifuxtt hiegra toRe dmidamgdso xf-aontfricd dlemgesoxtdery & isfo deeed
between (a) the final aqueous alum numsulfate solution fromthe reaction
havi ng a boi | i ngnpéaitnileassr oner@f the reasdiilom yessialts eubsiegiuesdciticon
solution and (b) the alum num sul fate-containi ng aqueous- sul furic. acid
sol ution, a fir$&hesEdaBtpeachiofoyedsalsi @@ he first reaction vessel,
9 | _ . - _
a further control valve in connection with the

further pH indicator-controller-recorder and adapted to

control the rate of flow within the further feed pipe.

 Further in the method of the invention, the control
of the temperature of the reagtibn solution is also an
impprtant factor for efficienﬁ continubus_synthesis. In’
accordance with a futher embodimenﬁ of the invention,
therefore, there is provided an apparatﬁs for reaction
temperature cbntrol désigﬁed to permit continuous
production of an équeous aluminum sulfate solution from
the above mentioned by-produéts, which apparatus
comprises a feacion comprising sequentially connected
reaction vessels, |

a first heat.exchanger'for effecting exchange of

heat between (a) the final aqﬁeous aluminum sulfate
solution from the réaétion having a boiling point
aéproximating the boiling point of the reaction solution
and (b) the aluminum sulfate-containing agueous sulfuric
‘acid solution, |

.a first steam pipe disposed inside the first

reaction wvessel,



ca first tenperature I ndi cator-controller-recorder disposed inside the first.
reaction vessel, a first tenperature control valve operating connected wi'th
'the.first_tenperature-indicator- controll er-recorder and adapted to control
the flow of steamw thin the first steam pipe. a further steam pipe and a
further tenperature indicator-recorder disposed inside at |east” one of the

- reaction vessels subsequent to the first reagti on vessel, and a further-
tenperature contol valve connected with-the further tenmperature . Nt

i ndi cat or-recorder and adanidhdrGond rmamv@&laoeer@pwﬁﬁiéeakhw he

flow of steamw thin the further steam pipe: In the follow ng description

ref erence w1lld%%paa&atrhéﬂ&ezxnanu&tamrrba&swwmgaes@emblch - Fig. 1is a
fl ow sheet schematically illustrating a typical apparatus adapted to the

continuous synthesis fifr s wemEen st At eintone sl Falwe sopei a vingccor di ng to.
the present invention: Fig.2 is a partial flow sheet- schematically

“illustrating ammnuacﬂaﬂuuﬁunﬂuheﬁflﬂﬁx|tnm§nramurannndlcaﬂoﬁ+g 3is a
partial longitudinal cross section through another form of. reaction usabl e
in the apparatm9niﬂﬁﬁkﬁﬁquQ9R4ﬁ$Fﬁ@% aP?ﬁdﬁﬁ¢0ﬁPn¢h9lhéhgrék@HtOf

i nvention, an a% ueous al um num.
_ . eam w1th1n the fltst steam plpe.

_a-further Steam pipe and a.fﬁrther.temperature
indiéator—recorder.disposed inside at least one of the C;
reaction vessels subsequent to the first reaction '
:vessel, ahd. o

a further temperatureICOntbl Qalve connected with
the further temperature 1nd1cator recorder and adapted _'
.to control manually or automatlcally the flow of steam

within the further steam pipe.

In the follow1ng descrlptlon reference w1ll be made

to the accompanylng draw1ngs 1n whlch.-

Fig; 1 is a flow sheet schematically'illustrating a
typical apparatus adapted to the continuous synthesis of
an aqﬁeous aluminum sulfate "solution according:to the

'~ present invention;

Fig.2 is a partial flow sheet schematically

illustrating another embodiment of the invention, and



sul fate solution is conti-nuously synthesized by causing al um num sl udge,
waste sulfuric acid and an al um num sul f at e-cont ai ni ng aqueous sul furic
~acid solution (each produced in the surface treatnent of alum num to react
‘'sequentirally in a‘plurality of reaction vessels. The synthetic al um num

sul fat e 'sol ution obtained at the end of -these reactions is subjected to
filtration and concentration to give alum nurd&ulfate as a finished :
‘produtt. The attributes of the finished product depend on the final pH of
the synthetic al um Mig.sW fist @ Panitiadn lond it imeglu | atesk isect foxed range
suitable for a particular purpose for which the finished product is to be
sused. | n the prédapughaaather farm af fmedat nnmsdntein fhelidpparatueous
- sul.furic acid solution is utilized to adjust the pH value of the reaction
sol uti on. The r &GOS MGt Hhes \BRegants veRtiRthum sul fate is represent ed
by the equation (1) below and the reaction forrmula for the sake of '
calculation is represented by equation (2) bel ow. [err] [err] The _
reaction velocity cgnst nt .in th% reacti.an _nenti oned abov%tand t he effect

of pH on the reacti i e_tep_srteL?(ﬂ“_ed ﬁj%"ler{bt'léms sﬁ'hdbqeu,éoa}lﬁ/va% T y_ri c acid, |
o ey b B SRl o AU B ORI S8 U i
_ aluminum sludge._waste sulfuric acid and an aluminum
sulfate;containing aqueous sulfuric acid solution (each
produced in.thé surface treatment of aluminum) to react:
sequentially in a plurality of reaction vessels.. The
synﬁhétic aluminum sulfate solution obtainéd at the end
of these reac;ions is_subjeéted to filtration and
concentration to give aluminum Sulfaté as a finished
product. The attfibutes of the finished product depend
on the final pH of the synthetic aluminum sulfate
solution and arelrégulated in a_ﬁixed range suitable'for
a particular purpose‘fo; which the finished product is
to be used. In the present invention, thé sulfuric-
x#l | alum-containing dilﬁte aquedus sulfuric acid solution ié
| utilized to adiust the pH value of the reaction solutibn;
The reaction for the synthesis of aluminum sulfate
is represented by the equation (1) below and the
reaction formula for the éaké of calculation is

represented by equation (2) below.



Waste . Sulfuric alunfcontaining 0 Conposi tion Sl udge

sulfuric aqueous sulfuric acid acid solution [err]

9.5% [err]- 86.8% [err] _ 86.8% )
'9.4% .- ) 85.8s Ofher substances (such 3.7% 15 as micro-nol ecul ar
flocculant) [err] ' 90. 0% ' 5.3%([err] .
-0.6% " 8.7% Since the reaction qf the af orenentioned three naterlag%

20 was experlnentally denonstrated t d be regarded as a honpbgenous seco

~‘order reaction, they city ant: of t s-detgrmne by a
batch test. Fr%ﬁ(@igésﬁ'l @goﬁrﬁ the ‘é§t(%t? f@ﬁﬁgﬁ hat t(IShe vel ocity

constant at [err] was 0.12 -0.671 [err]mol: sec. The results of vari ous

runs of the tesh£29s JeditiadOad wsidty, (BO ¢ hseb 3M6rials i(@varied nixing

rati os indicate that the proper value of the velocity constant ought to .

- 12 exceed at least.0:.01 [err]nmol sec. In view of conmercial operation of

the synthesis,zégerg% gggpgg;g%iéybLsnL5Q$£ gL-%ﬁs ¥sggeiaﬁ fORELBREG! S

2.0 [err] nol ueti s un nane e anount of

free 5 [er%Lvﬁeagadgggye§?Fy feasggfsac hQ”r¥§E9§bLYWé§etQEu&QEﬁfﬁé*h ea

synt hesi s comrercr a n consideration of the fact that

the f'§alsﬁﬁh¥§|“§ QBSEEesﬁlfﬁgﬁé'ﬁcialUEh&”a'§u§EGk§€talum-conta1n1ng

dilute aqueous sulfurlc acid solutlon posseSSLng respectlve

. compOSLtlons 1nd1cated in Table 1 below.'

Table_L .
|Waste Sulfuric alum-containing |
10 ' Composition- Sludge |sulfuric|aqueous sulfuric acid '
- acid . {solution
AL(OH) 5 | _ 9.58| -
H,O ' : - 86.8% o _ .
2 - S ' 1) 9.4% | ~ ) 85.8§
: Other substances (such 3.7%
15 | as micro-molecular: '
flocculant)
; - ' ' - . 5.3%
(H,80, _ - 90.0% _
o | N o, .
Al,(50,) 4 _ - 0.6% 8.7%

O

Since the'reaction of the aforeméqtioned three materials
T 20 was expériméntally demonstrated to be.iegarded as a homogenous
| second order reaction, thevelocity gonstant of the reaction was
determine by a batchltest; Froﬁ the resﬁlts of the test, it is
 found that the velocity.constant ét 90° tb_lOO‘C was 0.12~ 0.671
1/A1203 mol-sec. The results of various runs of the test
25 | conducted using the three materials in varied mixing ratlos

~indicate that the'proPer value of the velocity constant ought to



to control, therefore, it is nost desirable in the case of continuous
reaction to control this continuous reaction in such a 10 nmanner that the
pH val ue of the reaction solution in the first vessel in the conpound of
reactionvessels will be |owered to heighten the reaction velocity and the
pH vafues of .the reaction solutions in the subsequentvessels will be
gradually increased sequentially to agdpust the final pH value of the

synthéti c solution eventually to 15 the prescribed level. As the result of
an experinment conducted by the inventors, it has been found that when the
sl-udge, - the waste sulfuric acid, and the sulfuric alumcontaining dilute

aqueous $¥ceed atadiedsdolWllon H@égﬁy‘fﬂ%@@l .y flad vilgwa ofj gemmgradaket ric
ratio to a nultl-s%ﬁge (3 to 6 stages) reactor 20 having_ the_conponent
‘stages plRBFFadtd e, SN Eha S i VHIRREE e&mﬁgaPéﬁelmlﬁ phethe

I nt ended vql unes of t r eat.ment specti vel y fixed tenperatures (in the
- range of VPP o SORSE &Y 4Ry 2?)‘(9 Sl/g!ﬁijemp aéffon sol ution, preferably

_ to the b t { I I

bossessing 25 Zf' S L Ve e DA, iRy R Ty b hEo R b Bees
2.0) resy g :Lfsr IR a3 Othteh‘?:ea%%“itohoﬁ} %Bc p &EU‘EBE' XoQbEGk”%ﬁe -
fromthe R n& “Stage of *t he redctor. ? furic alum contal ni ng

dilute S%%%ke%l%cw@ 3l HonRfercs A ifRagithed n&anebnsmé%awah beetRE
val ues -of “the reaction solutions in the conponent vessels wi |l be retained

at respe@aictelthat ehey ifiedl @Ehaluobft khepdipehetit Isatmeasnnﬂst B@bject
reaction velocity thereby producing the agueous al um num sul fate sol ution

i n an i neoeasatrplgl therefored,s idedisr alols: desdaabilel int khepkagal o€ in t he
fi kst reactionvessel
continuous reaction to control this continuous reactlon in such a
10 manner that the pH value of the reactlon solution in the flrst\mssel
in the compound of reaction vessels w:.ll be lowered to he:.ghten the
reaction velocity ahd the pH values of the reaction solutions in’
the subsequent vessels will be gradually increaéed s'equentialiy to
~adjust the final pH value of the synthetic solution eventually to
15 ‘the prescribed level. As the result of an experiment conducted
by the inventors, it has been found that when the sludge, the
waste sulfuric acid, and the sulfuric alum-containipg'dilute
Ka* agqueous sulfuric acid solution are gonﬁinuously fed in a fixed
gravimetric ratio to a‘muiti—stage (3 td 6 stages) reactor
20 having the component stages provided with respectively fixed
| volumes commenéurate with the intended volumes of treatment at
reSpecﬁﬁhely fixed temperatureé.(in the range df 80°C to the
boiling point of the réaction solution, preferably 90°C té the
boiling éoint), the synthetic aluminum éulfate.éolution possessing
| 25 a pH value (in the range of 1.6 to 2.5, preferably 1.8 to 2.0)
resulting from completion of the reaction is continuously obtained

from the final stage of the reactor. . - The sulfuric alum-

containing dilute sulfuric acid solution is fed in such a manner



in the range of 0.1 to 1.0, For commercial operafion of the synthesis, it
suffices to control this pH value in the range of 0.1 to 2.0. Now, the

present invention will be described in detail below 10 wth reference to
- wor king exanpl es of the present invention depicted in the acconpanying
drawings. Fig. 1 is a flow sheet schematically illustrating a typical

apparatus adapted to effect continuous synthesis of an aqueous al umi nugm
sulfate solution by the nulti-stagelBank type parallel- 15 flow reaction
of the present invention. |In the diagram 1 stands for a belt conveyor for

| IS?:? mehty dg%}*‘%}h@%é:qﬁtqﬁ% “ a%i%xé}d%j-s Ao e e Zm_el”tpgwt e
Sl i oRiaPagT b B b S bl oty Bl Alens” R
reactl OEhfea%:ﬁr?'o's‘és torf?‘ti%!:'fé%{ﬂsrﬁy Tx#ef U LY -veao%g.ﬁéé‘{ tstﬂ'fgr;é Og:g:o'&u: :‘513

I.e. using VEé conponent tan e first-tank tan

are parEbEiQQ%@dUsth%ﬁMﬂdﬁ¢§d%¥é¥élgB%%iibn in an increased vield& &&
rai sed upright so as to permit overflow The second tank R Zg' and the

thirgl tdsk degifchbiliee tohidchtrik H{iRd gl andlddhar aie IEitrtk MR avtd drhgedsaurt h
tank R and the fifth tank [err]are severally partitioned wth respective -
bul kheada &hesuapegeded for.dmtabdvd.soFor bbmericd dlooperaiicgof rtHehe

bottom parts thereof. These conponent -tanks are each provided with a
stirrer synglepied tid Isafifdiceseddcontmiledihdisc pibtvalud in the range of

0.1 to 2.0. - : o : _ o ;M;
- Now,. the present invention will be described in detail below
10 with reference to &orking.examplés of the pfesent_invention] _
depicted in the aqcompahying drawings;

Fig. 1l is a flow sheet schematicallf.illustratihg]a typicél
apparatus adapted to effect chﬁinuous éynthesis'of an aqueoﬁs
-aluminhm'suifate.solution by ﬁhe mﬁlti—sﬁage tank type parallel-

15 flow reaction of the'pfesent invention. In thé diagram, 1 stands:
for a belt cngeYbr for forwarding sludge having aluminum'hydrokide

as a main component thereof, 2 for a mixing tank, 3 for a re-

e

amxm-conéiSting of first.through_n'th-tanks, 4 for a tank for -
holding_a_sulfuric-alum—containing dilufe aqueous'sulfufic_acid
_ Zd_ solutioﬁ, and 5 for a waste sulfuric acid tank.
The reaction tank illustratea-iﬁ.Eig; 1 represents.a'caée
satisfyiné n ='5, i.e. using five éomponent tanks. The first taﬁk g
R; and the second tank Ré.are partitioned with a_Weirélike.bulkhead_
8a raised upright so as to permit overflbw.__The second tank R,

25 and the third_tank'Rj, the third tank R, and the fourth tank R

3
and the fourth tank.R4 and the fifth tank R5 are severally

4’

partitioned with respective bulkheads 8b suspended from above so

I



The sludge is fed as carried on the belt coneyor 1 to the 5 mxing*tank 2.
In the nmeantime, the sulfuric alumcontaining dilute aqueous sulfuric acid
sol ution kept at normal roomtenper- ature in the dilute sulfuric acid
solution‘tank 4'is Yorwarded by a punp 10 via a feed line 11 to a first

heat ekchanger 6, wherein the solution is heated to a tenperature of about
65 to 10 [err] through exchange of heat with the produced synthetic

al um ntf sul fate sol uti on possessing & jenperature of about [err] and then
forwarded to a second heat exchanger 7, wherein the solution is heated to a
still higher tenperature of about [err] through exchange of heat with steam

possessi ng %Stﬁﬁgﬁtg?%%ﬁpﬁg QQ}@ bgitcﬂpbﬁ&tsaQQFQQ%%eaf&ﬁkégggfh?ohgﬁfs'

m Xi ng tank I’rst feed pipe 12. Part of the heate I on

fed to thankQuakl kakh bebilidr@ecAdnna he rrast of apkpkRuowshna seeardqf eed
pi pe 13. The m xture formed of the sludge with the sulfuric alum containing

aqueous syl Gl ied edtirdcs alotbirom.i nsi de the m xi ng tank 2isnow?20 in a
state kept at an elevated tenperature of about 70 to [err], mxed with the
stirrer 9, andTheesludyeaigedelo aishealririsd bhatheobelénkoneyolr Veaowihee,
the waste sulfuric acid held inside the waste sulfuric acid tank 5 is
f or wvabdeaibing paml 24 t dnathesmeastlifmeri chacsdlfecdicviaigmt-gontainidgpri ved
of floating substances with a 25 screen 16 disposed inside the receiving
tank 15, dadddtenaqueongasydfurdct Reid solutdant keptt atk npemal pFpom Sempert.
15 In the reactor 3, the reaction solution fornmed inside the first tank R
of the nPEBEPe1df thrudddutrasid Iamicupcddagpduting $arkudi dsafarvasAedining
aq{i9”5-§§'2”55%pa bdviglgtkggdliine 11 to a first heat'exchahger 6,
.wherein the solution is heated to a temperature of about 65° to
10 70°C throdgh exchange of heat with the produced synthetic aluminum
sulfate solution possessing a temperature of about 100°C, and then
forwarded to a secgnd'heat exchanger 7, wherein fhe solution is
heated to a still higher temperature of about 95° to 100°C through
exch%%de of heat with steam pOSéessing a temperatufe of boiling
15 point, and thereafter fed to the mixing tank 2 through a first
feed pipe 12. Part of the heatéd solution is fed to the fourth
| tank R, preceding the last tank'through a second feed pipe 13.
The mixture formed of the sludge with the suifuric alum-containing
aqueous sulfuric acid solution inside the mixing tank 2 is now
20 in a state kept at an elevated temperature of about 70° to 80°C,
mixed with the stirrer 9, and then forwarded to the first reaction
tank Rl‘ Meanwhile, the'waste sulfuric acid held inside the waste
sulfuric acid tank 5 is forwarded by a pump l4 to a waste ;ulfuric
acid receiving tank 15, deprived of floafing substances with a

25 screen 16 disposed inside the receiving tank 15, and then forwarded

to the first reaction tank R, by a pump 17.



- caused

to flow fromthe first tank [err] to the final fifth tank R5 as

kept stirred by the stirrer 9 and undergo reactions represented by the
formula (1) mentioned above. As the result, the synthetic alum numsulfate
'soluti-on is obtained at about [err] fromthe fifth tank [err]. This -~ .
solution is forwarded by a punp 18 through a produced solution Tine.19 and

the first heat exchanger 6 to-a 10 filtration-purification unit (not .,

"~ shown) .

the control of the pH value of the

Now, the control systen1mﬁ|ﬁ be described below First, as re@ﬁrds

reaction solution in the first tank [err] ‘and the second tank [err]is
fixed at a |evel oflmbthe meatomhdn the zeagtionSsolusdonnfarmedf inbide
sl udge .is changed so as to _fall far bel ow the theoretical feed amount, the

feed anthmtfbrstheanksRe @ﬁlFh?l@lﬁéuaelprﬁbpdgevoﬂasbeysuhéﬁﬁageGCldwth

the result that the pH value shifts fromthe fixed level, pH 0.8, toward
T ITrLU¥1O %PB‘?°“F6+néQ§nﬁﬁB?°uslﬁu%ﬁVEIQagﬁlatﬁE%BFb?B ifhe pH’

by a1 TR ERATERYoF o thel FLFSFCERRRRy (BRI EB Sbbnh ERERY BrShoRpd
Wh h d pH he f H
| naioattt SREr o H %ﬁré%? pELEErbf o (‘Ié{‘]‘?%ﬁ%? FaifhtEnd f‘aégr‘?eaé???éf |

t he aci

control

_MUmco

ni ng ut e aqueous sul-turic aCI I on an

2act i on solution, the pH val ue of the

gép/@ d;ﬁk;.fmfﬁ rh&nwsn%g aﬂb{zét tﬂ%pfe}&lgort{i g}fglg»&w .

the af qaﬂﬂﬁﬁr@r@@u%@rﬁﬁueﬁohaslssegmganaerés&utho éhfréﬁaéhag of pH

val ue

16 is above 0.8, the first control.valve 21 is opened. Thus,. the

pH valuﬁlﬁﬁhtiahkrmglaJTﬁﬁacébp@tsth1sOﬂorﬁaﬁ&é@nsylaabhﬁp 18 through

10

15

20

a produced solution llne 19 and the first heat exchanger 6 to a

Llltratlon-purlflcatlon unit (not shown) _

. Now, the cohtrol-system will be described below. First,.as
reéards the cohtrol oﬁ'the leralue of the_reaction solution,_the
PH value of the reaction _solution in the first.tahk-R1 and_the

second tank R is flxed at a level of about 0.8. When the actual

2
feed amount of the sludqe is changed so as to fall far below the
theoretlcal feed amount, the feed amount of the waste sulrurlc
acid 1s proportlonately 1ncreased, w1th the result that the pH
value shlfts from the flxed leveL,_pH 0.8, toward the ac1d1c side

(to pH - 0.2, for example). In this case, therefore, the pH value

must be controlled. This adjustment of the pH value is effected

by a first pH indicator-controller-recorder (PHICR) 20 which is

25

disposed inside the second tank R,. When the reading of pH value
on the first pH indicator—controller-recorder.is below 0.8

(strongly acidic side), a.first_control valve 21 disposed in the

D

i

i

first feed pipe 12 for the sulfuric alum~containing dilute agqueous

sulfuric acid solution and interlocked with the.aforementioned

recorder'ZO is closed, Conversely when the reading of pH value



controlled to 0.8 by suitable control of the feed amount. of the sulfuric
al um contai ning dilute aqueous sulfuric acid solution. 5 The

adj ustment of the pH value in the first tank is normally effected as

- descri bed above. If the actual feed amount of the sludge increases beyond
. the prescrlbed | evel as when the operation of the apparatus is resuned
after :a,stop or when the pH val ue in the first tank is appreciably varied
from e prescri bed | evel by 10 ﬁ rtain other factor, it naturally
follows that the pH value of the first tank [err] deviates fromthe
prescribed |evel. For the purpose of returning the pH value to within the

fixed raq%e) abdte Was,e Y flin %ng;éav'm& IQWels Ridetidlaie @aldsQN@hY

acidic si than the aforenention sul furic alumcontaining -dilUte

aqueous by valdlel W &naCiighidqldit ixpadBEbPesdIsRd dn) ilshaudtloasdiealtife dilute
aqueous solution just nmentioned. Wien the reading of pH value on the first

pH i ndi ¢ @omtreaniedoltee 0. ety daii tiblies darltaw 10 oF thee Feedplayqotint! BE wast e
sulfuric acid is discontinued by turning off the punp 17 of the waste

sul furi c sadifthriecailvimrgontadning Widut20 aqudoms eadifuyief aglld sodotien). 8,
the gunp 17 is opened and the capacity thereof is increased (by opening the
val ve) to st ar fCheeadijng tiiea twadt dheulpfuMad ugciid tthet Hd risitr $ankadls hormplly
Thus e pH value |s automatically controlled to Q.8. The suitable

i ncr easee(fp descaiidede @poxitountt fortheh ackmede fogds gmoyniciod the
possessing a | ow pH value_ is advanta eous f H ad ustment particularly
wher e t h& PRGOS XRELES Pyt gﬁ@ﬁﬁ%@' Péq&hﬁédtpﬁr°9ﬁ€aﬁﬂ°n

D e e FVAE e b2 B YL B
' the first tank is appreciably varied from the prescrlbed level by
10 a certain othei factor, it naturally follows that the pH value
of the fi;st tank.Rl'deviates from the prescribed level. For the
purpose of returning the pH value.to within the fixed range, the
waste sulfuric acid having a lower pH-value (strongly acidic side)
than the aforementioned sulfuric alum-containing dilute aqueous
15 sulfuric acid solution may be used in the place of the dilute
.aqueous solution just mentioned. When the'fgading of pH value on
the first pH indicator-controller-recorder 20 is below 0.8,'the'
supply of the waste sglfurié acid is discontinqed by turning off
the pump 17 of £he waste sulfuric acid receiving tank 15. When
_20' the reading of pH {E abo&e 0.8, the pump 17 is opened and the
féapacity thereof is increased_(by obening the valve) to start
.feeding the waste sulfu:ic acid to the first tank Ri. Thus, the
pH value is automatically controlled to 0.8. The suitable
increase or decrease of the feed amount of the waste sulfuric acid
25 possessing a low pH value is advantageous for pﬁ adjustment
particularly where the pH value heavily deviates because the time

requiréd for the pH value to return to within the fixed range is



sulfuric acid.solutionis used. It will be readily understood by persons
skilled in the art that this pH adjustnent. can be accom plished by using
.both the sulfuric alumcontaining dilute aqueous 5. sulfuric acidsolution
and the waste sul furic acid. Optionally, the first pH ' e
i ndi cator-control ler-recorder 20 nmay be disposed inside the first tank .
~[err] and adapted to detect the pH value on the outlet side of the first
tank [err]. As the reaction proceeds, tiie pH value of the reaction -
“solution increases 10 and shifts toward the weakly acidic side. Wen th
pH val ue of the synthetic alumnumsulfate solution within the fifth tank
(1 ast t &MLIRr frhkins whent fées tsudfini cad liine-coinda dngingy dile e espeadad | evel
(1.6 to 2.5, preferably 1.8 to 2.0), the detector of a second pH =~ '
" i ndi cat SRIEYREFoRLAR- spdutdem ARPMERA 22 If Middedel Feadidivia sfticioch byank
[err] detects this.deviation of the pH val.ue and cl oses a second control
val ve 2§eEF§B§s§5l#gephéns§P€n&rFeé@ﬁﬁ 1€3 P adims tagty G be accom-
al um contai ni ng. di | ute agueous.sul fyrj c .aci.d solution. , Wen . the pH val ue
convers ﬁﬁsEFgegya88689tﬁ8%§r3§¥ﬁiﬁﬁ&f“ﬁ%ﬁeFﬂuﬁﬁgcﬁﬁﬁV%RRQQWQﬁ%ﬁfedé¥¥¥%q55 |
autogat | QP Re. s nd,conLrql val 23. _It.is permssible.-to
connggt5§§g§¥6?p§§§F§9;Pﬁg%£u %@Tgg%h%%ﬁﬁgbﬁﬁgﬁ%qﬁfkﬁﬁwﬁb aqueous sulfuric -
- acid sol utionaprecaa§hHt 0+hRe £§ QRO 531 iSRS J14 gu j_ndi Ol
troIIer-recorggrsoone gécﬁ I'n the ¢ ?ggﬁgﬁggﬁgﬁﬁ§§ggﬁﬁﬁé egltera?’l'rnetr 20

adj ust "pal; B8k BhgpBEedalHgsdal thle 9! kalk?R. SAAUERIDHSY e ge@zRenent
t anks. by the procedure descri bed above. In.anylevent, since the adj ust nent

of the phevphueadhet ba thaCbueletokideons hef fFagieed anikC ®ILr Ollsl Rt he  —~
feed amount of the sulfuric 18 : - - N
reaction proceeds, the pH value of the reaction solution increases"
.10 and shifts toward the'weaklf_ACiaiq side.-:When the_éH value éf |
the Qynthetic aiumiﬁum sulfate solution within the fifth tank |
(last tank) Rg falls on the strongly acidid side below the
prescribed level (1.6 to 2;5, p:eferébly 1.8 to 2.0), the detector
of a second éH indicatorfcontrollereréco;der (RPHCk)_22 disposéd
~15. inside thgjfifth ténk ﬁs Aetects this deviation of the pH value
and closes a second cdnﬁrol_valvé 23 disposed-in the sécond.feéd
pipe 13 for the sulfufid alﬁm—éonﬁéining_dilute.aqueous.Sulfuric _
agid solution. When thg_bH value_cpnversély rises aBove'the .\dJ
prescribed level, -the éforementiqned detgétoﬁ automatically opeﬁs
20 the second control valve 23. It is permissible to conneét feed
pipes for the sulfuric alum-containing dilute aéueous sulfuric
acid solution one each tdlﬁhe_compbnent tanks, disposing pH
in&icatoreqbtroller-recérdérs one each in the_component tanks,
and effect fine adjﬁstﬁent_of thé pH_vaiues.qf the reéction
25 solution in the component.tanks by the procedu#e described abéve.

In any event, since the adjustment of the pH value of the reaction

solution is effected by qqhtrolling the feed amount of the sulfuric



al um contai ning dilute aqueous sulfuric acid solution and/or that of the
waste sul furic acid and further since the pH value of the reaction solution
is not less than 0.8 and the conversion in the first tank is about 90% and
t he pH ‘val ue in the second tank cannot 5 fall below the aforenentioned

| evel, it suffices to use stainless stegd of the grade of about SUS 316 JIL
as the material for the first tank and stainless steel of the grade of

" abouf™SUS 316 L as the material forthe second and subsequent tanks. Then,
as regards the control of the tenperature of the 10 reaction solution, the
t enper aalwm-efntainingtdiutd ageeens deel Bvwic heebdl sotvtion vandom athatlg
*dilute aqueous sulfuric acid solution inside the mxing tank 2 is el evated
to a | ekl the wate Sufwiie areid owchgf%tfe% singe vt PHevalne ¥ cthg um

conta|n| dJIute aqueous sulfu c acid solution which possesses-15 a

terrpera‘f Jr?f’ts’ffél 7 286 eT%r‘Fl}anT%e g Fhe & %Yr?%%l‘ﬂfhl’rﬂ drTg;Pe
di | ut | f | k t t
i | ot o SERTE b R 450 3 e R ‘aifs%?r Hod %nﬁ%&% I}rii'feéemtﬂ
aboud [ g IE];] tggafo eé}b%t eﬁ %m@né &i afé‘x; ¢ C f’f:. ger a:.rfl]? oy

~ neans o exchanger then el 'éva 0 a_ eve
~ of abouled & rde tithd eqf#%yoﬁ%@uefsw&f@gm J@aehé 17for &
tenperature is detec y a tenperature In cator-contro er-recorder

(TRO) 25 disnaspd Lahidkhidreseconcbhest e wtd dei dbdibe dweid ng for

.the sulfuric alumcontaining dilute sulfuric acid solution. 25 Wen the
- tenper adgirghe it erd EdEd St e | swedie M@ ssubhashdiey etanis St eam cont r ol

val ve 27 di sposed in a steamfeed pipe 2 and interlocked with the
afer ement i onetherec iglareirds dpenmshtrol of the temperature of the
10 reaction solution, the temperature of the mixture of the sludge
| and.the.sulfuric alum-containiné dilutg.aqueous sulfuric acid
solutidﬁ inside the mixing tank 2 is elevated to a level in.£he
range of 70° to 80°C owiné-to the supply of the sulfuric alum-
containing dilute agueous sulfuric acid solution which poésesses
15 a temﬁerature in the range of about 95° to 100°C. The sulfuric
alum—gontaining dilute aqueous sulfuric acid solution kept at rooml
temperature jinside the dilute sulfuric acid tank 4 is heated, as
"desctibed above, to a level of about 65° to 76°C (aé detectéd by
'alfemperature indicator-reqorder (TR) 24) by means of thé first
' 20 heat exchanger and then elevated further to a_lgvgl of about 95°
to_iOO°C by means of the second heag exchanger 7; This.temperature
i§ detected by a temperature indigator-controller—recorder (TRC)
25 disposed behind the second heat exchanger 7 in fhe_feed line
for.the'sulfuric alum—contaiﬁiné dilﬁte sulfuric acid solution.
25 When thé temperéture so detected is below the prescribed ievel,
a steém control valve 27 disposed in a steam feed pipe 2 and

interlocked with the aforementidned recorder 25 is opened.



19 When the detected tenperature is above the prescribed | evel, the steam
-control valve 27 is narrowed. By thus controling the anount of. steam
entering the second heat exchanger 7; the tenperature is autonatically .
control l.ed to the prescribed level.. To the 5 reaction tank$ are connected
steam feed pipes. A first steampipe 28 is immersed in the formof a coil .
. or a planar plate in the reaction solution held inside the first tank [Qtz]
and then led to a waste di scharge groage 32 so as to effect exchange of ™
. heat. To the second through fourth tanks, a second steam pipe 29,a 10 S
~ third steampipe 30, and a fourth steam pipe 31 are respectively connected . -
'so as t oWbkhethei detegtiedi senprrataxe isTREoventdearwescatibete heyedti dhe
solution inside the first ‘tank [err] 1is controlled by a first tenperature
© i ndi cat oFteamt FERLEPLr ¥advEer 7( FRCP2FFOHRA -a BYr $huse FotFdiad fher gmount
- valve 34 disposed in the aforenentiqned 15 = first steam:pipe 28 and. .
nterl ocREGSEPER PREEIBECHBR AEREA% BEGtEXChINTeRdy e (ROMBETALITE of

h acti | ut i, kn the fi ank ]l __is.ab h escribed
ovel . g PRESEAERRLRY: tiPBeehiieg 0L S SrosttaRRRRe T R I
t t ' : he ' I L tEE 5C I I 123 d.
Thu S ¢ neagtipRsafice 88! EGheStt BXfan BBl R ¥I=3t SRaBRC0"

l.evel . Tgs:tBeskhiikd; Lit Bt aRks fdaets e andaliar r et iaval .
connecteglgatﬁ?r%saﬁgﬁgr%kgtEntgg%efgﬁﬁkgﬁi%d?g%?og¥r§é }ggﬁE? %f¥%5ighd

36. Depemginge@Btiba b6TRELBhUKEIJIShEGHR] thy F1ese LOMRERAl Wnd then led
I ndi cat or-recorders.35 and 36, the control of tenperature is 25 manual | y-

ef f ect edtbyaopestagdaschhegengraevend 2t lsoough tboefifectorikctlanga &S hddt.
through 39. Optionally, the tenperature of the reaction solution may be s
aut omat i Fal kheeteeonddthyodgbpdsungh tanks, a second steam pipe 29,.a -
10 third sﬁeam pi§3:30,.aﬁd ajfoﬁ:ﬁh steam pipé'3l are respectively
connected so as té.effeﬁtlintroducti§n.of_steam. The_tempéréture
of the reaction solﬁtioh.iﬂside the_first 'tank'Rl is céntroiled
by-a.first.température indicatér-control1er-reco£der (TRC) 33 and
a first temperature coﬁtrol vélve 34Idisposed.in the afdrémehtioned
- 15 first steam pipe 28’and interlockédeiﬁh the afo:eﬁentidned |
recorder 33..:Whgn thejﬁemperatnre of théIreactioﬁ solution in the
first tank Ry is above the prescribed level, the first_témp?rathrelwn
control valve 34 is_narroﬁed.- When this3température is below the gﬁ’
prescribed levei,Ithe.contrbl valve 34 is opened. Thus,-the |
20 'tempe¥ature isfautomatically controlled_tc the-preécribed level.
.Td the thifd andIfifth'ténké R, an@ Rs'aré respectively cqnnecﬁed
a third and a fifth.temperature_indicatgr-récorder (TR) 35 and 36._'
Depending on'thé £émpefatures deteéted-by;fhese.tempefatﬁre- |
indicator-reéorde:s 35.ahd 36, the'cbntrol of temperature is
25 manually.effeéted by opening or closing second through fourth

control valves 37 through 39. Optiohally, the temperature of the

reaction solution may be automatically éffected by disposing

i



20 tenperature indicator-controller-recorders one each in the conpdénent
“tanks and interlocking these recorders to.the respective tenperature
control valves in the steam pipes. Were the systemis designed so as to
‘el evate-the tenperature by introducing 5 steam'into the conponent tanks,
the reaction solution is diluted and consequently suffered to entail use of
extra energy in the subsequent work of purification. It is, therefore,
‘desiral e to effect the el evation offhe - ‘tenperature of the reaction
solution.in the first tank by the ex% ange of heat between the steam pipe
10 and the reaction solution as illsutrated in the diagram Further in Fig.
‘1, the reéeperceurenmdicafosteonsréblen-recprdeteveneieachainrthentrol | er
- (LC) in the waste sulfuric acid receiving tank 15 for preventing the notor
of the peemparent obanis candtintenlockingtthese ccordersiatesthderespective
when the 15 liquid level of waste sulfuric acid in the waste sulfurlc aci d
recei vi nEPRERRAALES FOREFR} VR EVES xER FRASHRAR RiReT¢ SHlpEe tHRe oPEFERM on

of the punp when the liquid level ris bove the nark. The reference -
numeral #1 LEEHIREE 5O LT iRILTERET § %mﬂa% RRZATYTR (RY | LAEXQIERING; ovi ded

{ghﬂh%‘“ %%rré{‘uf‘re,ﬁﬁ% T%?rné%ﬁrﬁﬁ;f%ﬂ%som% Tt Wit 1 Aride
gontrgl r%z‘? %é%ée&#%e \?)i%qw Iée)(\ylv K%isjééfgebove%ﬁ{% %‘Qpﬂhe Pa?eren.ce

numer al i@ SENpAL £ v8add oy anpynis | NH &Rl B rd F'@sffiﬁpi@dté o

25 dlsplay the feed anount™ of the sul fur al un}contalnlng diTute aqueous
sul f.uri ce pgadh SEhdItd Divat LS HUGUS , £ FieGife B £ Hh@GHEHHEL G Usb TW on

suw-fate solution.was carried out with the apparatus of Fig. 1 under the
follomnngnctmmhfiﬁms tank by the exchange of heat between the steam pipe
10 and the reaction soluticn_as illsutrated in the diagram.

Further in Fig; l, the refefenée numeral 40 stands for a
liquid level-indicato:—controiler (LC) in the waste sulfuric acid
receiving tank 15 for preventing the motor of the pump 17 from
idle rotation. it automatically actuates the pump.l4'when the

15  liguid levél of waste sulfuric acid in the waste sulfuric acid
receiving tank 15 falls below a fixed line mark and it sﬁops the
operation of the pump when the liquid level rises above the mark.
The reference numeral 41 stands for a liquid level indicafor-
controller (LICA) prov1ded with an alarm and adapted to control

20 the llquld level of the reaction tank 3. It automatically narrows
a control valve 42 when the liquid Ievel of the reaction éolutiOn
falls below the fixed mark and it_opeﬁs the control valve 42 when
the liquid level rises aone the mark.' The feference numeral 43
stands for a cumulative flow amount indicaﬁpr (FIQ) adapted to

25 display the feed.amount 6f the sdlfur'alum—containing dilute
'adueous sulfuric acid solution. Contihuoﬁsjsynthesis of an

aqueous aluminum sulfate solution was carried out with the

apparatus of Fig. 1 under the following conditions.



.\

21 .Conditions of synthesis Sludge: Feed ampunt - 1‘429'kg/hoUr

Conposition - J[err] 9. 5% by weight 5

| mpurities 3. 7% by wei ght 86.8% by wei ght Waste sul furic acid: Feed
amount: - 72.6 liters/hour Conposition - Free [err] -~ 90. 0% by -
wei ght 10 : - [err] - - 0.6% by wei ght Specific _
gravity - 1,804 [err] Sulfuric alumcontaining aqueous sul furic acid ;-
sol.ution Feed amount - 3,112 liters/hour Conposition - Free [err] e
5.3% by wei ght 15 2 [err] _ '8.9% by wei ght [err]
Bal ance 2 Specific gravrty - L 134 [err]) Reaction tenperature: [err]

pH val ue of first tank: AeiditBo’® optsymthesid fifth tank: About 2.0
As the result, the aqueous al um num sul fate solution could be continuously
synt hesi¥letige: a conversion of- about 98% The aqueous al um num.sulfate
solution thus obtained was subjected to a filtration test under the

~ conditions, Feed momn# as thetd® kgMwmt of synthetic sol ution used,

- [err] as the filtration: - L

Comp051tlon - Al(QH)3 . 9.,5% by weight
5 o Impurities ~  3.7% bj.wéight_
H O - . 86.8% by weight

‘Waste sulfuric acid:

Feed amount - 72.6 1iters/hou: - o : : SRS | \‘)"
Composition - F.ree-stO4 90.0%'by_weight' o

10 | Al,(S0,) 4 | 0.6% by weight
Specific gravity - 1.804-(25°C)

© Sulfuric alum-containing aqueous sulfuric adid solution
| Feed amount - 3,112 liters/hour |
CompOSitién - Free H,SO, 5.3% by weight
15 o AL, (S0,) 4 ' 8.9% by weight
HZO" : Balance |
- Specific gravity - ©1.134 (12°C)
Reaction temperature: 99° to 100°C ' - o/
pH value of first tank: About.0.8 |
20 pH Qalue of fifth tank: About 2.0
As fhe.result,,the aqueous alﬁminum sulfate sblution could
‘be continuously sYnthesized at a conveﬁéion of abbut 98%. The
aquébus aluminﬁﬁ sulfaﬁe solution thﬁs-obtained.was subjected
to a filtration test under the conditions, i.e.-300 ml as the
25 amount of synthetié solution used, 20°C as the filtration
temperature, filtration ﬁnder a vacuum (without filtration.aid)

as the manner of filtration, 95 cm? as the available area of



tenperature, filtration under a vacuum (wi thout filtration aid) as the
~manner of filtration, 95 cn2 as the avail abl e area of 22 filtration,
Filter Paper, 2, of Toyo Roshi Co., Ltd. as the filtration pressure
(degree-of vacuun)'. The test revealed no problemas to the filtration _
propefty of the solution. Fig. 2 illustrates another typical apparatus for
continuyous 5 synthesis of an aqueous al um num sul fate solution of this
‘i nventf¥on, depicting the only portiong22with respect to which this apparatus
differs fromthe apparatus of Fig. 1. The devices (such as, for exanple,
waste sul furic acid tank and heat exchangers), the neasuring instrunments
‘(such asfiferaekewpl Biledt 1Paper NdE2 At Of - ToOWS rRbIEL -CRLOIThEd S)as agick t he
feed lines (such as, for exanple, feed line for sulfuric alumcontaining
aqueous fSiltrxatiomcpresshre i Oiegree chf avacuat) shdbire | tedt grevealedd imtent i cal
to those shown in Fig. 1. The apparatus illustrated in Fig. 1 is provided -
with theP¥ohleny asinko 2the Thiktmakiony property dEpthedamtidnus- 15  trated
simply because_no reaction tank can be installed bel ow the belt conveyor
where the exi ti%hg apbblistrates RRQtReK | Wriccl ARRATI LS sfart contijjupus

installation of .the mxing tank is not alwa necessary. As illustrated in
Fig.5a2, TRE %’r%rﬁe‘%t%r?ég“

| P2 AU PR FRfate SPHEIRT &F 15h¥%d to the
(S R o4 80hec LIF nd L o ot RO St 15 L Lt ©
O (SO Spdda£0F SEcAREoFSH Bl RIS GIIR S 1 WG ALY O
[?LB] th(éﬁ&ﬂ‘J§¥rﬂof”ékéﬁﬁfé$iéH§¥EEﬂﬁf%ﬁfﬁé”é&fﬁtéhnk.and-heat'
exchangers), the measuring instruments {such as, for example,-pH

10. indicator-controller—recorders), and the feed lines isuch as,'for.

example, feed line for sulfuric alum-containing aqueous sulfuric-;
-acid solutioh)_which-are ﬁot shown'ih Fig. 2 are identical to those
shown in Fig. 1. The apparatus illustrated in Fig. 1 is provided
with the mixing tank 2. This mixing tank is-disposed as illus-

15 téated'simp;y because no reaction tank can be instalied below the
belt conveyor whe;é the existing apparatus is adopted in its
unmodified étate. ~This ihstallation of the mixing tank is not
‘always neéessary, As illustrated in Fig. 2, the aforementioned

three raw materials can be directly fed to the first tank R, of

1
20 the - reactor .- 3'instead. In the apparatus of Fig. 2, the
sludge is forwarded by a pump through a sludge feed pipe 44. Of
course, it can be forwarded by a belt conveyor as in the apparatus
of Fig. 1. 1In the reactor ' illuStréted in Fig. 2, the
- component tanks Rl through Rs.are partitioned alternafely with
25 weir-like bulkheads 8a and bulkheads 8b suspended from above so

as to prevent otherwise possible short pass of the reaction

solution. For the purpose of more effectively preventing the short



25 wei r-1ike bul kheads 8a and bul kheads 8b suspended from above so as to
prevent ot herw.se possible short pass of the reaction solution. For the

pur pose of nore effectively preventing the short 23 pass of .the reaction
solution, the conponent tanks may be provided therein with a baffle plate
as iltustrated in Fig. 3. The control of the tenperature of the reaction
-solution in the first tank [err] is automatically effected, simlarly {t
the 5 aforenentioned apparatus of Figz 1, by causing the first tenper?g_
ture indicator-controller-recorder 33 to control the.first tenperature
control - valve 34 disposed in the first steam pi pe 28.. By the same token,
the tenperatures.of Jseact] ti i - I Atd q -
Lorr] “t RRSAgH TR EeAaan (RSl e, shmeseR Rk Pl g
t hr ough . er iy (g e dE G d8Ip, (3TRC) 45 t hrough
47 di s-pé):gl%%re:lnIPl %ﬁ?‘r ggtgg:%lvé;%clg%p%ﬁeﬁgﬁlﬁﬁﬁr%&secon(?st_hrough fourth
tenpera- turegnidolencdl 6 tie e ik dliceaard respsicid W hutior Hm
second through fourth steam pi pes 29 through 31. Further, the 15 o

t enper athee Fidist hankomoniantad tudet ival o ffddted bys imddearige tf theat

- between the portions of “the reaction solution inside the conponent tanks
and t he aferene itionsgh dppadatust edmpigesd i yereasing tihe (irgoftemrena- or
a planar sheet in the reaction solution. The apparatus illustrated in Fig.
2 is prdurgedndidator@ontnglilestireannday &3¢ & @RI theefIESHni ch

i ssues fromthe discharge side of the 18 for .discharge of the .

synt het itempeinatvgie MantIalyrfrlVatf tqwigsul’_f sad imibg Sist AR RRA A8 on

- line 52 is provided therein a manual_ valve 5 'tﬁ%M£E£§(lth's

By the same token, the temperatures o tion ‘solution in g“)

the second throughi4th tanks R, thrdqgh'R4.are autbmatically
10 cohtrolled'by méaﬁs'of_second'through fourth temperature
ihdicator-controllér;iecorders (TRC) 45 fhfough 47'disposed in
the fespecti§e component tanks and second thrbugh fourth tempera-
ture control valves 48 through 50 disposed respectively in the
second thfoﬁgh fourth Steam;pipés 29 thrqugh 31. Further, the
15 temperatures of the component tanks are controlled by exchange of
heat between the pOrtions of the reaction solutibn:inside the
 compoﬁent tanks and the éecond through fourth steam éipes immersed_»:
in the form 6f a coil or a planar shéet'in the feaction Qolution.'
The apparatus illustrated in Fig. 2 is provided With a
20 synthetic solution circulation line 52 which issues from the
discﬁarge side'of the pumé 18 for d{schargé of thé synthetic
soluﬁion and returns into-the'firstltank'Rl. This circulation
line 52 is provided therein a manual valve 51. Owing to this
device, the aqueous éluminum sulfate solution can be returned to

25 the first tank R, by opening the manual valve 51 when the second

1
pH ihdicator-contrdller-recorder (PHICR) 22 (Fig. 1) serving to

display the pH wvalue of the synthetic solution displays an



devi ce, the aqueous al umnum sul fate sol ution can be returned to 25 t he
first tank [err] by opening the nanual valve 51 when the second pH

. indicator-controller-recorder (PHICR) 22 (Fig. 1) serving to-display the pH

val ue of the synthetic solution displays an 24 abnornmal val ue (outside
the.prescribed range). O course, the apparatus of Fig. 1 nmay be provi-ded
with 'the circulation line. It is evident fromthe description given above,
t he |l owi ng ef fects and advantages are derived fromthe present

i nvention. 5 a) Since the synthesis of the aqueous al um num

sul fate_sol ution i.s carried out continuoysly by the nulti-stage tank type

« par al | @PnREREY §luend ougsader Fheo PLSSEH ﬁoﬁapgeﬁotaﬂﬁyCPHﬁFGveGh&S

comal e hiuhe  BINEn ag)  BRY AL B8’ Ui gigiaiag o0

L Ot ARG RaSee BN, alBipeloh, SO Ryl e BERIP .
i Tt e aaeate del AOeE eafRg brRetOe] £l Yo Hresepe ThogRRER. 0

at 1 ned easishy ey Qo CURCRRL AhRBuln Al budakal S | oW

By controlling the pH value$S of the reaction™olution In the conponent

tanks igdluft@ohange calrried bat? contlifhtibaEave byt kel aRQltiicR thaeksammdeyph
stainl ess steel can be safely used. - The reaction tanks, accordingly, can

be gi vparaddedsaepctriont,etiec eapdcitly fpropebduettdiong isr epiabl yaifiproved
I nspection. Thus, the cost of equipnent is low Since the apparatus is
cont i nasusbyppepedawdth the pkinvaingdoahlt syntbastisobysdhet batchmisbe
. ceriti nuously con- _
operation and, for a fixed volume of production, the apparatus
10 | permits a generous reduction in overall size and floor area. The
B apparatus; when necessary, may be installed indoors.

b) Since the adjustment of the pH values of the reaction
system is effected by the use of the sulfuric alum-containing
dilute aqueous_sulfqric acid solution, the pH adjustment can be

15 attained easily and the freé H,SO, c?ncentration'in the fi:st ténk
is low. By controlling the pH ﬁalues of the reaction solution in.
the_componént tanks in the range of 0.8 to 2.5, therefore, the

o/ reaction tanks madé of stainless steel can be safely used. The
reaction tanks,haccordingly{ can be given necessary maintenance

20 by proper welding, rep&ir, and inspection. Thus, the cost of
equipment is low. Since the apparatus is continuously operated,
the pﬁ value of the reactioh solution can'be'continuously con;
trolled without requiring the vaives, pumps,.stirrers, etc. to be
switched from time to time. The apparatus, thérefore, can be

25 easily automated. It is also effective in improving the work-

ability and the safety.



trolled without requiring the valves, punps, stirrers; etc. to be swhtched
fromtine to tinme. The apparatus, therefore, can be 25 easi |y automat ed.
1t is also effective in inproving the work- ability and the safety. 25
c) Onsthe basis of the experinmental data on the reaction velocity '
constant, the capacity for production can be increased with a nnor .
nDdlflcatlon of the apparatus. d) The stem of the present invention fors
. reaction 5 tenperature control entail irtually no |oss of t her mal _
~efficiency due to scaling because the heating is effected by the use of the
heat exchange units installed independently of the reaction tanks.
Further, the CO@?rOd)nothéhBaEQEDQEathéeeQ?@rbﬁeﬁEE@CHQ%aabhO%ﬁbl gabk¥ion
Oni ng to the ease of t enperature contr ol coupled with the effect of
cont i nuoUge D€L Y | OBnstart pppReatHpachtey fobi gboaaetgysnef:hnc bendycaedskaw
pomer consunption and a | ow running cost as well. C L ‘M S

- CLAI MB:with & mbndodmdédifibettont ofiuthe pppdnetuen of ~an aqueous al um num
sul fate sol ution from by-products occurring in alum num surface treatnent
operations nandly The swstemndfiuthel pdgsensnpniventionaforyrapgiinom
hydrOX|de (ii1) waste sulfuric .acid and |||i an al'um num sul f ate-

4

temperature control entalls virtual no loss of thermal

efficiency due to scallng because the heating is effected by the

use of the heat exchange units lnstalled lndependently of the

-reactlon tanks.' Further, the control of the temperature can be - M_/

effected_automatlcally.' 0w1ng to the ease of temperature control '
10 _coupled with the effect of contlnuous operat;on, the.apparatus_

enjcye high energy efficiencf and low power consumption and a low

running cost as well.

fll



cont ai ni ng aqueous sul furic acid solution, which.nmethod conprises feeding

t he sl udge, waste sulfuric acid and alun1nun1sulfate containing sulfuric

acid to a reactor conprising a plurality of successively connected reaction
vessel s, causing the fed substances to flow sequentially through the -

vesséls fromthe first vessel to the last ve sgel to umummgm]m?"gt
tenperatures of fronl[err] to the boiling p0|nt of th

“in wh¥ch met hod o gt of -t he al umi num sul f at e- cont ai ni hg ‘aqdeolls Sulfuric
acid solutlon-+g—££g—%e~at | east one reaction vessel subsequent to the

~first reaction vessel, and the pH of the reaction solution in the |ast
~reaction vessel is adjusted to be from1.6 to 2.5. 2. A nethod according to

claim1, whereip pagtp@fnbfersgauen HscﬁhEﬁhHUﬁhsngmkﬁtEB UBEOan%ﬁﬁbBﬂ%

~final reaction vessel Ts returne to the reacti of the

reaction sol utl gilundnbfiCshl Fate 8824t 26nVEESR! b mﬁi‘hhﬁci‘so%bh‘érﬁhﬁs‘iw bed
range. 27 3. A nethod according to claim?2 erein part of thé aqueous

al um num sul f at slﬁﬂiuﬁmoeuffaabtbEeétmahtregetaemonesselbmeayr eiyraad to the
first reaction vessel. 4. A nethod according to any one of the precedi ng

cl ai & wherein ahumphhnfslhegeeaompnmsinbumawnlynauhmlhumshydtoxadend
reaction vessels is adjusted to be from0.1to 2.0
(ii) waste sulfuric acid and (iii) an aluminum sulfate-
containing aqueous sulfuric acid solution, which method
comprises feéding the sludge, waste'Snlfuric acid and
aluminum sulfate-containing sﬁlfﬁfic acid to a-reactof
.comprising a.plﬁrality of successively connedted
reaction vessels, causing the fed subsﬁances to flow
sequentially thréugh the vessels from the first vessel
to the last vessel to undergo reactions at'temberatufes
of from 80°C to the boiling point of the reaction
sdlution:_in which method a part of the:aluminum
sulfate-containing aqueous sulfuric acid solution is fed
to.at least one reactibn vessel subsequent to the first
NS ' reaction véssel, and_the'pH of the reaction solution in
the last reaction veséel is adjusted to be from 1.6 to
2.5, |
- 2. A method according to claim 1, wherein part of the
agqueous aluminum sulfate solution from the final
reaction vessel is returned to the reaction when the pﬁ

of the reaction solution in the final reaction vessel

departs from the prescribed range.



5.0 A néthod-according to claim4. wherein the adTUstnenf-e%-%he;pH-of'the
reaction solution is effected by controlling the IHBH@B of al um num

sul f at e- cont ai ni ng aqueous sul furic acid solution " lmﬂ”Wheactlon
- vessel. 6. A nethod according to any one of the erein

contrgl of the tenperature of the reaction solution |n the reactor S
effected by feeding steamto the reaction sol &ion. 7. A nmethod accordi

to any on of ‘clainms 1 - 5.. wherein ‘the control of the t enperature of the™
reaction sol utiof.inAt methedcecors iaigf 4ot ed diyn [eatwheadimgea tetoferhd he
reaction solution and a steam pi.pe i mersed .in the reaction sol ution.

11111 111111 2898eonsmedNsd nasc SUALAG S & odME ione fg7om Hheyfdnadi ng cl ai ns
wher ei n the al um num sul f at e- cont,ai ni ng aqueous -sul furic acid solution
heated to an el eF8RE41LBNYEEEELr 45 Lot nesd B0 the H1Lak, Zeaft i ssel. A .
. nmethod according to claim 1l substantially as her ei nbef ore described. 10.

- Appar at us when used for. the conti nuous productlon of an aqueous al um num-

? | fat | ut f f L1 eat
By et nod nb chhy nBaREBERCREED- A 1. W B B MRS WA o
Conpr|S|ng a p'“EiQ&h& 95e§3333§ﬁ'V%byo%oQ%ﬁpk%gctlon solution in the '

first or second reactlon vessels is adJusted to be from

0.1 to 2.0

5. A metho& aCeordiﬁg to ciaim.4.'whereih'the.
adjustment Of.fhe:pH of_the'reactiOn solu;ieh'is
‘effected by COntsoliing the amount of aluminum'
sulfateeconteining.aquebus sulfuric acid solution fed to

the first reaction vessel.

6. A methqd,acéording”to any one of the preceding
claims wherein control of the temperature of the
reaction solution in the reactor is effected by'feeding_

steam to the reaction solution. S ' - N

7. A”method eccordihg to any on of claims 1 -5,
wherein the.control'of the Eemperatute of the reaction
soiutien in the reactor.iS'effected'by heat exchsnge

' between the reaction solution and a steam pipe immersed

'in the reaction solution.

I



reacti on vessels to perni't continuous reaction of an —arum munrstadge——

conprising mainly alum num hydroxi de, waste sulfuric a n al um num.
. sul fate-contai ni ng aqueous sul furic acid solution (al I IE H; ,",

al umi num surface treatnment operations), a first feed p
alun1nun1sulfate- cont ai ni ng aqueous sul furgg acid solution to the *First
reaction vessel, a further feed pipe for feedlng al um num

sul f ate--cont ai §i NgpAaRHERYE SELEYELRgAELIad) Hﬁéoaft ehatpl.-Sééalﬁge reaction

vessel subsequent to the first reaction ve first™
i ndi cat or - cont ¢D4kmsE- WREPESAT tHéS&QﬁﬁﬂnﬁﬂssdEféaédc&hték‘.n@ﬁgssgﬁéguﬂesSe|
** C L M S 29 afirst control valve opertions connected with the

first pH indisalfartonachél soluetondheated sdaphedlévatedt tenpebacakrew
rate within the first feed pipe, a further pH indicator-controller-recorder
di sposed in atisefied boetheafirsth veasstlionutresgednt to the first reaction
vessel, and a further control valve operating connected with the further pH
|ndlcator-controlIer-recorder and adapted to control the flow volunme w thin
the further feed pipe. Appar atus according to claim10_in which the
further feed p? pe %e@?EBOQOaFEQHthﬁnFﬁuﬁ%§Emf&téuhéﬁﬁthﬁﬁbY as

hereinbefore described.

10. Apparatus when used for the continuous production of
an agqueous alumiﬁum suifate solution from by-products

- arising from aluminum surface treatment by a_method as
claimed in claim i, which apparatus comprises: a
reactor comprising a plurality of succéssively connected
reaction vessels to.permit.continuous rgaétion.of an
aluminum sludge comprising msinly aluminum hydroxide,
waste sulfuric acid and an aluminum sulfate-containing
aqueous sulfuric acid solution (all arising from
aluminum surface treatment'ope:atiohs),

a first feed pipe for feeding aluminum sulfate-
containing aqueous sulfuric acid solution to the first
.reaction vessel, | |

‘a further feed pipe for feeding aluminum
'sulfate-containing aqueous sulfuric acid solution to at
least one reéction vessel subsequent to the first
reaction vessel, | |

a first pH indicator-controller-recorder disposed

ingide said first or second vessel,



équeous sul furic acid solution to the reaction vessel—irredi-atety—precedi ng

~bei'ng disposed in the last reaction vessel. 12. App to
claim10 or claim 11, wherein the reactor is divide ity of
reactlmn vessel s by means oof bul kheads suspemded from above so as to form

~the last reaction vessel, the further pH indicator-controlIer-rﬁffgﬂer

- an opening on the bottompart of said reactlon tank and/ or by melr-ilk

bul kheads so as to %I Eg\y ‘EV%BBItQ-W o I;yPe gﬁtde%edlﬁr t'?P

according to claim ereln a e pI to prevent short pass

of the reaCt'O”fiﬁbEtbﬁ“ hﬁdﬂb&ﬁ%&e@oh&r%ﬂlb&a%bd@@aé¥:abh?aﬁ%ﬁ@édon
vessel s. 14. Apparatus as clained in claim10

substantially a&oheﬁ:eunbateomoebe&ﬁltlebadtmw thef Figree feed pdpaGconpanyi ng
~drawi ngs. 15. Apparatus when used for reaction tenperature control to

permt cont i nuous paofiucther pH dndigators conrrollersudcardeso ditspased om
by- products produced in alum num surface treatnent by a nethod as cl ai ned
in claim1l, whiéh appieastscpenpeassion vesselosubseguenitndo tileufhlnsty of
. successively connected reaction vessels adapted to pernit continuous

~_reaction of an 5?3#Fh9ﬂ|§?§§@ér0éﬂ§r|5|ng mei nl'y

a further control valve operating connected-with the
further pH indicator-controller-recorder and adapted to

‘control the flow volume ﬁithin=thé further feed pipe.

'11. Apparatus accoiding to claim 10 in which the further
feed pipe serﬁés to feed aluminum sulfate-containing -
aqueous sulfuric acid solution to-the-rea¢tion'vessel'
immediateiy preceding the last reaction vessel, the
further pH indicator-controller-recorder being disposed

in the last reaction vessel.

- 12. Apparatus according to'claim 10 or claim 11, wherein

the reactor is divided into the plurality of reaction o

vessels by means'oof bulkheads SuSpendéd from above so
as to form an'opening on the bottom part of said
reactlon tank, and/or by weir-like bulkheads so as to

allow overflow of the reactlon 8olution.

15. Apparatus according to claim 12, wherein a baffle
plate adapted tO'preVent short pass of the reaction
solution is disposed in at'least one of the reaction

vessels.

) .



al um numhydr oxi de, wast€ sulfuric acid and an aluninun1sulfate contai ni ng

ageuous sul furic acid (all- arising from al um num surf

operations), a first heat exchanger for effecting heaam ﬂﬂ!mgmw (a)
the.fi'nal aqueous al unmi num sul fate sol uti on emanati ng and
haang a boiling point approximating the bgpling point of the reaction

~ sol ytion and (b) the alum num sul f ate-containi ng ageuous sul furic acid
-solu |0n st pe.dj L AS] fheaf ' ssel, a
irst tompor athr *PRAFILASr Sk RREARd, 1HLER g, LBkeRRRELED HRESF,; ot

reaction vessgbre@nbbEste! 88BEEAHEACWELA! FAE ?ééh&é £BetRki vel y connected

with the first tenperature indicator- controller-recorder and adapted to-

~control the fhewo ﬁ%anylng dr&wings. M S * 31 steamwithin the first
steam pi pe, a further steam pipe and a further t enperature

I ndi cator-recorder disposed inside at |east one of the reaction vessels

subsequent to the first reaction used. a further tenperature control valve

connected wi th5t happarates whepeusedr Eorndeaatbonr tempeeatand adaptredl to.

~control manually or automatically, the flow of steamwi thin the further

st eam pi pe. to permit continuous production of an aqueous aluminum
sulfate solutlon'from by-products produced in aluminum
surface treatment by a method as claimed in claim 1,

which apparatus comprise:

a react or comprising a plurality of successively
connected reaction vessels adapted to permit continuous
reaction of an aluminum sludge comprising mainly

' aluminumhydroxide;'waste sulfuric acid and an aluﬁinum
sulfate-containing.aqeuous sulfuric aéid (all arising
from aluminum surfage treatﬁent operations),

~a first heat exchanger for effecting heat exchange
between (a) the final aquebus aluminum sulfate solution

R i emanating from the reactor and having a boiling point
approximating the boiling poiht of the reaction solution
and (b) the aluminum sulfate-containing ageuous sulfuric
acid solution,

a first steam pipe disposed inside the first
reaction vessel,

a first temperature indicator-controller-recorder
disposed inside the first reaction vessel, |

a first temperature control valve operatively
connected wiﬁh the first température indicator-

controller-recorder and adapted to control the flow of
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steam within the first steam pipe,

a further steam pipe and a further temperature
indicator-recorder disposed inside at least bne of'the
reaction vessels subsequent to the first reaction used,

a further temperature control valve connected with

‘the further temperature indicator-recorder and adapted

to control manually or autbmaticall?. the flow of steam

within the further steam pipe.
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