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The present !invention relates: generally to im 

prowements pertaining to .*the art of pulp pro? 
•duction, and relates--more-Specifically to.improWe 
?ments.. in the mode of handling · black'liquor. Such 
:aS is recOWered in kraft, pulping. 

:The primary object of my present invention 
-is to : provide .improved .apparatus for treating 
*chemical':'SolutionS• Such as black-liquor, in Order 
to increase their’ Sulfidity and to-aWoid .eScape of 
hydrogen:sulfide. ~ 

*When manufacturing-pulp'by the kraft proceSS, 
*at "the "errd of "the . cooking procedure 1most 5 of the 
.caustic Soda, has been consumed " but-about .. one 
half of the 'original Sodium , 'Sulphide. Originally 
present in the {{cooking.liquor .remainS. '1'he ·re 
·Sulting Hiquor ?Which · is ?Separated from .the pulp 
by. Suitable Washing.isrkraoWn-as black liquor, and 
this black liquor is *noW · ewaporated With Well 
known -equipment to produce a · concentrated 
diqu0r · of ? approximately *.Sixty per cent , concern 
"ration. This ·concentrated liquor is burned in 
za" furnace for 'the-recowery :of sodium compounds 
*2nd* Steam is produced by the combustion of the 
organic portion of-the black liquor. During -Such 
?concentration of · the weak black liquor to the 
*Strong black -liquor.5and which is , accomplished 
in multiple · effect, .ewaporators, .considerable hy 
?drogen · Sulphide is: produced and lost, this being 
•objectionable not, only from the standpoint of 
loSS.Of.Sulphur, but.also due to the contamination 
of air and condensed water delivered-from the 
.multiple effect ewaporators. 

While diverse methods, and equipment for oxi 
dizing the Sulphur present in the black liquor in 
•order-to sa.we Sulphur have heretrofore been pro 
poSed, most of them based upon the .provision 
of extensive Surface contact areas between the 
'iiquOr and .air before the liquor was delivered to 
the · concentrators, these prior Systems involved 
'too much agitation of the liquid which would 
result in exceSSiwe ' and objectionable foaming 
`eSpecially"When 'resinous woods had been cooked, 
and the prior oxidizing equipment would also tend 
'to become clogged with deposits thereby making 
it impoSSible to -effectively expose the liquor , to 
`'the' air*and also making it more-difficult to propel 
the 'Oxidizing air through the ·oxidizing tower. 
BWen 'the mOSt efficient prior oxidizing units also 
failed to ·Cºffect, sufficient recovery of Sulphur to 
'prfewent the production ? of ; enough hydrogen Sul 
.phide to conta.minate the water and air in prox 
imity to the mills, and this coratamination has 
heretOfore been a constant, Source of annoyance 
from the:Sitandpoint.of both air.and stream pollu 
'tion. 
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.tt is therefore - a more specific object of the 
present "invention to provide .. an imprOWed mode 

* of subjecting · black liquor to .a - floW .of air ~in :a 
.manner ' ?whereby robjectionable production and 
escape of hydrogen · Sulphide .is eliminated, and 
maximum awailable - Sulphur is recowered. . 
:Another Specific : object. of ...this invention is to 

pro wide .simple - and : highly .effectiwe - apparatuS 
for .treating black liquor for the• recowery. of Sul 
.phur " and , for the .elimination of offensive.odor:S 
-during the recowery-procedure. . ~ 
A further Specific object of my invention is 

to provide an improved System of oxidizing black 
liquor . automatically and most efficiently, and-in 
'a.manner Whereby escape of obnoxiouS odors and 
loSS.of valuable.chemical is avoided. 

Still another Specific object ' of the .invention 
' is to prowide an improwed black liquor oxidation 
tower for'kraft proceSS-pulp mills, which may be 
installed and operated at moderate cost while 
'pOSSeSSing wast -capacity, and Which is also .ex 
:ceedingly reliable. in operation without. requiring 
undue .attention. ^ ~ ~ ? 
These-and-other .Objects and .adwantages of the 

‘invention 'Will be.apparent from the following.de 
.tailed description. ~ ~ ~ ~ ~ 

A clear ).conception of, the procedure involved 
?in , carrying .. on my. improwed system, and of ...the 
conStruction and Operation of a typical oxidizing 
tower which may be utilized to exploit the.pres 
.ent , invention, may be had by referring to the 
drawing accompanying and forming a part of 
this Specification wherein like reference charac 
.terS designate the · same or ·Similar parts in the 
Various wieWS. ~ ~ ~ ~ ~ 

Fig. . 1 is -a) _Somewhat diagrammatic wertical 
sSection through a typical black liquor oxidizing 
.toWer embodying the invention; '' . .. ^ • * 

Fig. -2 is an enlarged perspective wiew" of a 
fragment; --Of the upper interior of the oxidizing 
tower.shown.inFrig.1; ~ ^ · · 

* Fig.8-is.a• Similarly enlarged transwerse section 
through a fragment of one of the plates or shelves 
of the unit, taken along the line 3-3 of Fig. 2; 

Fig. 4 is a likewise •enlarged. vertical section 
through the cooperating ends of two of the Suc 
ceSSiwe · Superimposed plates, ... also showing .rifiles 
'applicable :to the upper Surfaces thereof. in .order 
to gently augment expoSure of all portions of the 
liquid to the air ;-and ^ .. : 

Fig. 5 is a Similarly enlarged fragmentary wer 
`tical Section ...through the liquid delivery end of 

?: the lowermost shelf. ~ ~ · · 
While · the · invention has been shown - and : de 

.55 scribed herein by way of illustration as being 
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eSpecially adwantageous for the treatment of 
black liquor, it is not my desire to unnecessarily 
limit the utility thereof by wirtue of this particu 
lar ulSe; and it is also contemplated that specific 
deScriptive terms employed herein be given the 
broadest possible interpretation consistent with 
the disclosure. 

In accordance with my invention, I expose the 
black liquor promptly after it is blown or de- " 
livered from the cooker in a kraft process pulp 
mill, in the form of an extensive and relatiwely 
thin and uninterrupted film, and for a prolonged 
period of time, to an abundarace of gradually ad 
wancing oxidizing air. Wiolent agitation of the 
film is constantly avoided, and the oxidizing air 
is uniformly distributed throughout; the entire 

10 

10 

expoSed area, of the film while this air is being "" : 
conducted through the film producing zones with 
minimum obstruction to the air flow. I also pro 
wide Simple instrumentalities for permitting rapid 
and effectiwe dissipation of foam which may re 
Sult from the previous treatment by · the black 
liquor of resinous woods, and the warious steps of 
the improved procedure may be performed auto 
matically with the aid of simple equipment, . one 
embodiment of which is shown in the drawing. 

Referring to the drawing, the typical black lid 
uor oxidizing tower or unit shown therein com 
prises in general a, wertically elongated receptacle 
or tank 8 hawing a, fresh black liquor inlet $ near 
itS upper end and a treated liquid outlet [[]] at itS 
lower extremity, and also hawing an abundant; 
fresh air inlet pipe I I near its lower end and a 
Spent air Outlet pipe || I2 at itS upper , extremity; 
and a Series 0f SuperimpOSed opp0Sitely inclined 
Shelves or plates f4, I confined and mounted 
within the tank 8. The · tank 8 may · be of any 
Suitable Size, shape and height, and the number 
of plates f4, 5 may be warried as desired, in order 
to produce an oxidizing unit of any predeter 
mined capacity:; " and the inclined shelves [4, [b 
r;may be either perrmanently or detachably Secured 
to the tank interior in any convenient, manner. 
'This tower Or urhit is adapted to be interposed 
between the "cooker and " the multiple effect; 
ewaporator for concentrating the black liquor 
prior to burning for final soda, recowery. " " . . 
The upper end of the uppermost inclined shelf 

or plate !4 of the oxidizing tower is adapted to 
receive || fresh black liquor I6 from the cooker 
through the intlet 9 and a distribution launder or 
through ! extending transwersely throughout the 
entire tank width, and over a dam l8 formed in 
tegral with the adjacent; shelf and hawing a, 
Smoothly ', curwed liquid cascading Surface for 
conducting the entering liquid in the form of a 
thin continuous film onto the upper Surface · of 
the top plate l4, see Figs. 1 and 2. · The lower 
end of the lowermost inclined shelf or plate ! is 
adapted to deliver the oxidized film of black liq|- 
uor {6 from its lower extrermity ower a smoothly 
rewersely cur'wed apron f9 formed integral with 
the - adjacent shelf 5 and likewise hawing a, liq|- 
uid cascading Surface for conducting the treated 
liquid into a receiving basin ?? 20 formed in the 
bottom of the tank | 8 and communicating With 
the outlet, I0 which may be prowided with a com 
trol walwe 2 for regulating the depth of liquid 
within the basin 20, See FigS. 1 and 5. The out 
let 0 in turn communicates with the usual multi 
ple effect; ewaporator of the mill. 
The Successive Superimposed Shelves or plateS 

[4, 5 are located closely adjacent to each other 
and are oppositely , inclined only Sufficiently tO 
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4 
ifiquid films downwardly therealong, ' and , the 
plates 4 are all disposed approximately parallel 
to each other while the plates 5 are likewise diS 
posed with respect to each other. The lowermost 
end of each shelf [4, 5 except the loWest, is pr0? 
wided with a depending smoothly curwed lip 22 
which is directed downwardly toward but is 
Spaced , frorn the uppermost end of the adjacent 
Succeeding lower shelf, Sufficiently to prowide a, 
horizontal gap between each pair of shelweS lé, 
[5 and to produce an extensive continuous Zig?? 
zag film of the descending liquid or liquor lT 
from the crest of the dam (8 to the basin 20; and 
the relative inclination and Spacing of the plateS 
4, 5 also creates a, foam dissipating chamber 2 
of gradually · enlarging magnitude .. extending 
along each plate in' the direction of advancernerat 
of the film therealong, as illustrated in Fig. 1. 

· · The oxidizing air admitted to the lower pOr 
tion of a tank 8 through the inlet; or Supply pipe 
I ! may be injected by a blower 2b through a Se 
ries of openings 26 formed in : the pipe · lf, and 
the air outlet, or exhaust pipe · [2 may be connect--> 
ed to a, suitable wacuum or reduced preSSure ZOne 
Such as an exhaust fan or a Stack. Tn- Order to 
permit, the oxidizing air to flow freely and with 
|least, obstruction through the SucceSSiWe Super 
imposed chambers 24 of the ewaporatOr, without 
interrupting the continuity of the liquid film 
fiowing along the sheltwes or plates l4, f5, each 
of the latter is provided with a raised central in 
verted trough-like duct portion 21 which may 
extend throughout the entire length thereof. 
These raised portions 2 while being relatively 
narrow as compared to the owerall Width of their 
shelf plates, . Should ha,we Sufficient area, to per 
mit; free flow therethrough of all of the air ad 
nitted to the unit; and the lower end of the 
iowernmost, duct portion 2 should proWide an 
abundant; air supply opening 28 directly abOwe 
the basin 20 as shown in Fig. 5, while the upper 
end of the uppermost through portion 2 may be 
closed at, its end 29 abowe the crest of the dam i8 
as indicated in Fig., 1, and the lower end of each 
of the other raised portionS · 2TI should likewise 
prOwide an unobstructed air escape .. paSSage .. Or' 
fdow opening 30 as depicted in FigS. 2 and 4. 
While it is desirable to maintain continuity: Of 

the film fiowing along the plates l4, l5, it may 
also be desirable in Some ? instances, to slightly 
but gently disturb or agitate the film a$ it pro— 
ceeds along the sheltwes beneath the expanding 
chambers, in order to insure most effectiwe con 
tact of all portions of the liquor 6 with the ad 
Waracing oxidizing air. Such mild agjitation of 
the liquid film may be effected by applying trans 
werse rifiles or 1rounded projections 3 { to the upper 
Surfaces of the Shelves . [4, . B as illustrated in 
Fig. 4, but these rifiles 3 are preferably omitted 
at the Zone of transfer of the film from one plate 
to the next; succeeding plate. The rifies 3. are 
So formed that they will turn ower or roll the 
Successive increments of the continuous film 
without necessarily interrupting the continuity 
thereof and without Wiolently agitating the liquid 
to the extent of producing exceSSiwe foarning, 
but Sufficiently to insure thorough contact be= 
tween the exposed film Surfaces and the oxidiz 
ing air which Spreads out away from the Operm 
ings 28, 30 and fills the chambers 24. • 
While the norrnal || operation of the improWed 

oxidizing tower Should be quite apparent from 
the foregoing description of the construction. Off 

produce a relatively slow and sluggish flow of the · ?g the apparatus, a résumé of Operation. Will be 



5 
given. Normally fresh and weak black liquor l6 
will be: delivered in regulated quantitieS•· through 
?thie inlet; ? 9 into the distribution.' through diff': frOna 
wherace it; flows Ower the dan: 8 in the form .Of 
a "thin film. AS Shown in Fig... 3, this film · of 
'liquor': 'f6', adWances slowly along the upper':Sur? 
·faces of the successive shelves IA, B on'' opposite 
Sides of the central raised portions 21, and aS it 
leaWes; the · loWer lip 22. of each plate and dropS 
or caScades over the . . Opera. : gap. upon the next. 
lower plate, its continuity is preserwed, thauS cauS 
ing the continuity of the film to be constantly 
maintained from the timer of its formation at 
the upper dam i8 until delivery thereof into the 
lower basin 20. IDuring this constant flow of 
thie' unimterrupted. thin film doWhWardly through 
the unit, it may be mildly agitated with the aid 
of rifies 3{, and as fresh. oxidizing air is injected 
through the Supply pipe { f, it paSSes through the 
lower opening 28 and Successively through the 
upper chambers 24 and through the openings 30, 
being thus brought into intimate direct contact; 
with all portions of the exposed film SurfaceS and 
effectively oxidizing the Sodium Sulphide to pro-- 
duce sodium SaltS which may be Subsequently 
readily reduced and recOWered in the furraaces. 
The flow of oxidizing air upwardly through the 

tank 8 and chambers 23 is unimpeded, and the 
continuity of the film is not disrupted, due to 
the fact that the air fiows from one chamber 24 
to another through the central openings 30 
afforded by the raised plate portions 27 and does 
not paSS directly through any portion of the film 

, at any point. If foaming of the liquid occurs at 
the lips 22 Or at any other' localities, When han? 
dling resinous liquor I6, the foam bubbles will 
be dissipated Within the elongated tapered or 
expanding chamberS 24, and the film of liquid 
effectively retains the Sulphur and prewentS 
formation and escape of hydrogen Sulphide with 
the oxidizing air' which is eventually WithdraWn 
from the upper outlet 2. The tapered cham 
bers 24 also serve to Spread the ~ ascending air 
Stream throughout the entire upper Surfaces of 
the SucceSSive liquid film sections; and the Sul 
fidity of the black liquor 6 is thus automatically 
increased without , the loSS of hydrogen Sulphide 
and the resultant; odors and contamination 
caused by escape of this chemical. 
From the foregoing detailed deScription of my 

improwed procedure apparatus, it should be ap 
parent; that, the invention prOwides a, Simple yet 
effective System of treating black liquid or . the 
1ike for the recowery of Sulphur While awoiding 
production of hydrogen Sulphide and resultant; 
loSS of Waluable chemical. The succesSiwe StepS 
of the procedure can obviously be carried on au 
tomatically with no attention after initial setting 
of the control WalWes, and With the aid of oxidiZ 
ing air under relatively low preSSure. · The in 
prOwed apparatuS is also Simple and conpara,- 
tively compact in construction considering its ca 
pacity, and is devoid of flth accumulating pock 
etS So that it may be conveniently cleaned by 
fluShing With fresh liquid when necessary. The 
uSe of a Series of Superimposed slightly inclined 
ShelWeS or plateS I4, ib disposed closely adjacent; 
to each other in Zig-Zag formation, makes it pos 
Sible to proWide a tower or unit of large capacity 
Which occupies minimum Space and wherein most; 
efficient oxidation is automaticaly effected. The 
installation and Operation of these units may also 
be effected at relatively low coSt, and the use of 
my improwed System effectively eliminates both 
contaimination of Streams by discharging Waste 
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6 
chemicals therein, and the Spreading of offensive 
odors*ower surrounding territory... . . ~ 

· · 1ÉÉ Should be understood. that it is.not desired 
to.'Pimit; this invention to the exact steps of pro-- 
.cedure or to, the precise. details, of construction 
and operation of the oxidizing unit, herein. Shown 
and , described, for warious modifications within 
·the Scope : of the appended claims may occur to 
personS Skilled in. the art. 

I claim: 
1.. An.oxidizer' for black liquor comprising, a 

Wertically elongated t?ubular caSing prowided with 
Superimposed; oppositely inclined shelWeS the 
lower end of each of which has a depending Hip 
Spaced from but closely approaching the upper 
end Surface of the next successiwe downwardly 
inclined Shelf to provide a narrow open gap be 
tWeen each Succeeding pair of Said shelves, means 
for delivering liquor to the uppermost of said 
sheltwes for gra.wity flow downwardly along said 
ShelWes and acroSS Said gapS in SucceSSion to pro 
duce a continuous and uninterrupted down 
Wardly adwancing thin film, meanS for injecting 
air into Said casing beneath the loWermost of said 
ShelWes, and an air duct mounted on and extend 
ing downwardly along each shelf and being pro? 
wided with a cut-out portion adjacent to the open 
gap at the lower end of the shelf, Said ducts pro 
widing passages for air to rise SucceSSiwely 
through Said cut-out portions and OWer the Sur 
faces of the adjacent Shelves and diwiding the 
continuous liquor film into Segregated down 
Wardly fiowing Stream Sections. 

2. An oxidiZer for black liquor comprising, a, 
vertically elongated tubular casing prowided with 
superimposed oppositely inclined shelves the 
lower end of each of Which haS a, depending lip 
Spaced from but; closely approaching the upper 
end Surface of the next; SUuccessive downwardly 
inclined shelf to prowide a narrow open gap be 
tWeen each Succeeding pair of Said Shetwes, means 
for delivering liquor to the uppermost of said 
Shelves for grawity flow downwardly along said 
Shelves and across said gaps in succession to pro 
duce a continuous and uninterrupted downWardly 
adWancing thin filrn, means for injecting air into 
Said ca:Sing beneath the loWermost of said shelves, 
and an air duct mounted on and extending down 
wardly along each shelf and being provided with 
a, cut-out portion adjacent to the open gap at the 
lower end of the shelf, said ducts prowiding pas 
Sages for air to rise Successively through said 
cut-out portionS and along the upper Surfaces of 
the adjacent Shelves and diwiding the continuous 
liquor film into segregated downwardly flowing 
Stream SectionS and Said upper shelf surfaces 
being prowided with transwerse rifiles for gently 
agitating said stream Sections. 

3. An OxidiZer for black liquor comprising, a, 
wertically elongated tubular casing prowided with 
Superimposed oppositely inclined shelves the 
lower end of each of which has a depending lip 
Spaced from but cloSely approaching the upper 
end Surface of the next SucceSSiwe downwardly 
inclined shelf to proWide a narrow open gap be 
tWeen each Succeeding pair of said Shelves, means 
for deliWering liquor to the uppermost of said 
ShelWeS for gra.wity floW doWnwardly along said 
Shelves and acroSS Said gaps in Succession to pro 
duce a continuous and uninterrupted downwardly 
advancing thin film, means for injecting air into 
Said casing beneath the lowermost of said shelves, 
and an air duct aboWe and extending downwardly 
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along ? the "mid-portion of each shelf and being 
pro Wided With an opening adjacent to the. Open 
gap at the lower end of the shelf, Said ducts pro 
Widing paSSages for air to rise from Said injecting 
1meanS . SucceSSiwely through Said openings and 6 
along the · upper Surfaces of the adjacent shelves 
and diWiding the continuous liquor films into 
Segregated downwardly flowing stream. Sections 
disposed On opposite sides of the ducts. 10 

' OTO BBSS. 
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