\

\

'high temper&ture carbonlzatlon of solld fuels, from hvdrogenat}on of coal

from 5as1flcatlon oi solld fuels, ete. W1th an 1ncreased amount of SOlld fuel.

processed the dlsposal of the large volumes of waste llquor became a magor =

pﬂoblem oi the coal proce551ng 1ndustry.. In aad&tlon*the vast volumes of such

type of llquors has lcq to 8 r1s1ng demand that addltlonal pollutﬂon of" rlvers

“and lakes be prohlblteu and that eYlStlng condltlons be 1mproved._ Especlallv
the - phenol'content of the waste water 1s hlghly obJectlonable 1f the wastes are

alscharged 1nto 8 stream because phenols 1mpart penetratlng tastes to dr;nklng

1akes. ,hen carbonlzln& brown coal and l1gn1te, beszdes mono- end polyhydrlc -

\phenols and 1atty aclds, alcohols, aldehydes, ket(nesL#&mlnes, pvrldlnes and/

i -

wother oréanlc substances are present in the wagte 11 quor. Deretoiore 1n many

|
-

caves the phenols heve been extracted from the waste liquors. bsfore thslr R

) dlSpOSdl, whcrcas almost no effort have been m&de to recover. other organ:c

compounds. Powever, 1t must be kept 1n mlnd that thc selllng grlce of the o

rsoovsred phcnols does not cover ths sxpendltures which must bc spent for th§1}
cxtractlon.‘ ' | .

In the Ruhr Gistriét the "Emschsr GanSSbnSchsft" was chleflv rcspon51ble
tor the quallty of thu drinking, watcr und supcrvlsgd thsrefore r151d1y~thc

comp051tlon of the. dlschargsd wastcs. Bscauss the phcnol extractlon vies not

Lconomlc&l & Somewhat pecpll&r system was set ups ;. Ths‘"Lmschcr Genossenschaft"

cerveted d&phcnollzatlon plants ut tholr ovm cxpensc, the: coke pl&nts oppratcd

~the extractlon plants and were reiunded for their opcrutlng cxpcndltures and

delivercd the ‘recovercd phcnols to the Emscher Genoscenschaft whlch actec as

sclling agency.



lhe follow1ng‘f1gur 5 were publlghed 1n 1958;

; m;-'”Revenues
nfphenqls §91; 'j
ibifx_é'hQIS'--s'tbréd-"E L - ‘55,138 /2. :
' 2 """ s 13u 823 68, :
U Bxpenditures |
O opebtion, metntnanes .
mwed T elu97 63
| >>-Interlst de#rcc1atlon l “‘€. 333 769 65 '
: : _ . ’Ri-:;'_l dBL; 823 57;
R — R 1308268
j I’becn&iéﬂres N Y },26&,823.‘5’[
r‘;:t ) Lossés in 1958 o S RM 109,999 89 '~;:
Desplte con31derable annual 1osses'tbc plants were operatqdlcontlnuously;

The precedlng tigures show vcrj clenrly thaﬁ‘g 1“cfforts Were mede to 1mprqve

s

._the economv of the cmployed processes.; ‘ n e T : e

- The follow1ng &rtlolc cont&;ns'é short descrlptlon of sevaral processes

-and the uuthor's expcrlencc from practzcal Optratlon of dcphenollz&tlon plants

Cas w»ll &s thc rbsults of sclcntlflc 1nvcst1gutlons whlch ware carrled tout by

the authpr und onc of his assistants, T
. A Préctical operution Lot dephenoli_zc.tion—plantsi Al e

Fl

Procusses which h&ve been cmployed thhcr to dispose of or.to rccover the .

phcnols from vias te llcuors cun be divided 1nto - )

a) procassas whlch 1ntbnc to destroy thp,phcnbls—in~ordor to keep them

— . @iy from streans und lukcs



Tﬁﬁb),wadsorptlon proeesses

*:‘c) extr&ctlon processes S

d) dlstlllutlon processes : e

‘) & very 51mple method to dlspose of th phenols seems to be thb vaporlzatlon ‘}

'of the llquor & d to dlscharge the phcnol contalnlng water steam 1nto tho’tmvjﬁffﬁJ

utnOSphcro. ordlnarlly the 1ncardescent oke after hav1n5 been trunsferred from

' . . ;
~.Jhc coke oven ch&mber to the qpenchar cer is quanched by watcr.: Due to the he&t

' . B

_contcnt of the coke con51derable amounts of wutcr are vuporlzed &nd - the w“ter r

stcam is lecherged 1nto “the atmosphcre‘ Pcplaclng the usually employed freésh

water by wastc 11quor seems to be & 51mplL meth d to dlspose of ut 1ea°t port

5. s .
e

of the - wastes._ Nowever, thc oolor of the coke 15 cffccted by the contcnt of

orghnlc‘and 1norgaqlc substunces of the waste 11 uor, the useful llfr of the

qucnchcr cLr qnd the. stecl work of the qucnchlngltchr is grcatly reduccd and

-.the.- plunt Lppuratus is attackcd. ulnce thc phcnols fre not decomposed durlng

the: qucncnlng opcratlon but marely vaporlzcd ‘or- entralned 41 the wator stesm

part of then is dep051ted -on nelghborlng ground d&mhglng the~ plunt 11fe and

eventually rcachlng the erbrS- ‘For those reasons the method hes ‘been abandoncd.

¥

It has bebn further }roposec to eanlt the. waste llquor in a stack so thwt it is

vaporlzed bj thc scn51blc heat—oi the- fluc gases. }owevcr, in order to prevent

destructlon of tbe stcel or brlckwork from whlch the stack is bullt any Ton-
\

dbnsatlon of the’ 1ntroduced llquor must be chuiu@ly prevcntbd. The amount of
11quor whlch can’ be v&porlzed per volume of fluc ‘EBS dcpcnds on the flue ges
tcnpcraturb Qnd tﬂu depOlnt of the ges from thu top of the stacl, 'As"poinéed
out before, o consldaruble pcrcbnttge of the phcnols will be dpp051tcd on thc

&agacunt Lround. Vuporlvatlon ncthons dunnot ‘solve the problems to protect the

utmosphcrc or the rivers from being polluted by phenols,

Y



The blologlcal Nolte p ooess clalns to bo

be dlluted due,to'the fact that tho chterla w ll dlgest only low concentratlons i

of phenolJ ¢ The plant cons;sts of e systcm of concrete channels through whlch f4

‘the, dllutod llquor 1s pas&od,_alr 15—adm1tted to the solutlon by noans of an

N

obundershot whcol.L By the. actlon of the b&cterla und the ‘adr, the phonols are ufﬁ

‘,._
+

aocomposed Gredt oxperlence is’ requlrod for tho proper operatlon of the process

- A

becuusa foT unknown rcasons the bccterla re sometlmes p01sonod, serlous formﬂ--o

: tlon of"” LOuﬂS wes obsorved so that & dlschargo of tho purlfled llquor became -
: ulnost 1nposs1blc.' ‘But a. fow plents of thls typc were constructod mostly in

connection with u precodlnb phcnol cxtructlon~plant whlch had alrcadv rcmoved

b

o oO - 903 of the. phenols.h -The.- Nolte process should be- conszdcred/oniy asTE”

supplement to anothcr process: if-a- waste 11quor of oxtremelv low phenol‘content

is requlred. ' - ST

] ' g

b) lee othcr hydrocarbons phonols cen be adsorbed by means of actlve SOlld o
" m&torlals such s act’VLtod Curbon, etc. In ordor to brlng down the phenol con-
__tcnt of an Llreudy treftod waste liquor, 'the latter Was p&ssed through a filter

: bed con51st1ng of nsh and blow over. dust whlch rcsults from.the Ec 1f1c1tlon of

N

‘brown coul by meens of "Wlnkler producers“ ~The sm&ll_purtlslos_of _cctive

brown coal coko w111 CuSllJ aasorb phonols from tho liquor bcfore the lutter is

~dischurged-into o stream or tho ground, . Fowever, no phcnols cen bo rccovered

by the &ppllc«tlon of this mothod tad the oxhousted ash must be dumped. In order

to recover “honols irom ‘the wastes they werc passod through beds of uctlv"tcd
cerbon thrﬁuftbr the uusorbod phcnols Vere extracted iron the coal by morns of
benzol. 4 démmcreial plunt. of this typo weSs opcrutod in the Ruhr area but hud

to be shut down due to opcrutlng dlfilcultles.- Since t&r oils which are always

prbscnt in. the wastes are ndsorbed from tbe csctivated carbon as oooily as. the

y



,from ol s‘anc tar. The llquor was flrst/p

fbottom of whlch was’ illlC( w1th tar &bove wh
S e

f;betwee“
LT

1ch stec'
y

RSO

perioruteu plutes.‘

1

Jin a thlru vessel. The clcanac llquor wTs~préheafe'*"’

.°brbcrs whlch were fllled w1th actlvateu cerbon.j'A ':sh acsorber removes over

: aw‘of the phenol. The adsorbed phenol Mas removed from the coal by wash1ng
-ﬁw1th warm: benzol. As sfon as the phenol as.” extracted the benzol was- dralned

ﬂfrom the adsorber and the Stlll rem&mnxng benzol vaporz ed with’ steﬂm., The

‘benzol-phenol solutlon as dlstllled wher by the phenol remaaned 1n the still.

),

Practlcal operatlon pro ed that desplte t e rdther extended pretreatlng system
r A

tar 01ls were depos1ted 1n the pores of the adsorbent thus- reduclng its- efflclency

and 1ncre&s1ng the consumptlon of the actlve carbon., It somefines happened that

" the content: of an- opened’ adsorber 1gn1ted, endangerlng the whole plant. Due to T

“the various alfilcultles encountered in the opezutlon of ‘the plant the latter

.

. was, shut dovn and ro further plant of th}s type—was constructed An the Pukr area.‘

c. Extructlng the phenols from viastes by meuns of a solvept have been &nd stlll

are widely used for the recovery of phenol fron wnste llquo;. A sult&ble solvent
must be 1nmlsc1ble ‘with thc liquor to be -treated snd must eas11y separate from
the zgtractcd llquor further the SOlubllltV of the phenol in the solvent. must
Vbe hlbher th&n that in the. llquor. With respect to the extrocting prcpeitiés
»-tha sultnbll*ty of a solvent is indiceted by the p&rtltlon COfolClbnt wh1ch is
.equul to tht rutio of the Solubllltlts of the substnnce in e“ch solﬁzgéz . The
hlghcr the partition coefflclent the sm&llcr the volume_of-the-solvcnt which

is neecded to give equul phenol concsntrvtlons in the treué@d liquor. ' In order

to be able to select sultaﬁle solvcﬁts the purtltlon coefflclent must be de-

termined in the laboratory. Durlng,commerclul operutlon of « dcphcnollzatlon

plant ‘the purtltlon cocfflclent of the employed solvent should be ctlculuted from

the obtuined tnclyticul date ut set 1ntervals.




pe.rlod of t:une that equ:llbrlum is obt&lne.d.

- , The phenol content oi the. orlglna.l 11quor as well as of the tre.ated qne’a.s ',

N A l
)
i

; ’\br“\detg“mlned .:'by analysa.s. The phenol content‘ of ‘l:he solvent c‘an' now be e'\s:.ly

"'Ll: .E“mp ‘oyed volume of the solvent (11ter) e -:.;5 x

,'L2= Employed volume oi‘ the orlglnal hquor (1n most cases = 1 llter)

E_’: Phenol contemhe solvent (g) S
bf’:— Phenol content of the extra;:ted llquor (g per llter)
X 'J-_" Partltlon coeffzclent of the solvent o
y=: oo .u. "o woow wat.e;; (assugle; ‘Lzs,;l)v'
Phenol content of. tﬁe 501vent; - ‘ ' \\—-’ T

i

’ a-;stlxx

leX/Lex'y'
Phenol con'bent of the ex\.racted llquor

’b'= sxl_.2xy ST
Ly xX A lpxy

2F s xLy xXx (L) xX A1p xy)
SRR Xy (L X XA R

ws

LyrxX ; 'y=1
bxy
Xz axLy ; 4_leo's‘fly__-‘. 1;
b x I3

1"

_Partition coofficient of the solvent. --
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f_Jﬁethw&TTﬂme

Volime.

treeted,lf o
R S

Whe

phenol content o th_ treat d”laquor may be expected 1f the l1quor

L

, ‘w1th L1 vol, solvent pa tltloh coefflclent Y) per vol. of llquor~

A

s x L2 Xy i
leX/Lng

Exumples-

CompdtaﬁTbn of the partltlon coefflclent-

a) Lqual volumes of llquor and solvent

K

determlned -"el = & g per 11ter phenol in the orlgznal llquor

uh,' b : 1 o o Ty rf h ‘ii" ""n tre&ted llquor

seqmputed. g' 8 - s.- b -k . 1= 3 8 phenol 1n the solvent

fbel : I» x.I

dctermlned ;V 5 h € Per llter phenol 1n the orlglnsl llquor

|
e |
|

" I

:‘ "

1.6 g per 11ter phenol 1n the treated llquor

computed a. s - b= -1, 6 = 2 h £ phenol in the solvent

'

X-8xLy o _ogx1 - 2.0y o Feo—

b x Iy U l.bx 0.5 .. 0.8

Volume solvent of known ertltlon coefficicnt to be appliéd in order to

pbt&ln & desired phenol conte;; of the trefted llquorc
desired: b - l 6 g per 11ter phenol in the treated vater :
determined: s - b g per liter phenol -in the original llquor .
computed;f @=8s-b=L-1.6:2l¢ phenol in the &pplieQ'volume.eblventf

lgriovm: X=3 . -

Ll:v' a = 2. .- L= 0.5%01, solvent: per vol. origindl

2. )
b x X 1.6 x 3 '8 _ o ' . liquor.




’ Hhat phenol content of thj treﬂ%vd liquor may be -

trsated w1th Ll vol. solvent (

n coefflclent X'z 3) per vol. of 11quor?

ﬂf:,Ba51o equqtlon::-b}:\s vag Xy
”'lew‘Lexy

défofmined;f’sus hkg»phenoL{per 11t0r orlglna'fllquor

lknoWn ; ’ s
‘_" . i
. n : R . .
P e
bl & " ‘ Ry =l B - r . o - 1.6 £ por Titer
Ly X X AL 0.5 x j:ﬂy-; S e ,
e S ‘ BRI (el
&= _sxL ,xlx . = khix O~kxx,3 2. phsnol in the solvent
L x X ATTxy 0.5 X W :

s 2e /b= 2 /1.6 2 0.0 ¢ per|
VR Fespoct b0 the aconar

o .‘v“ e . ) . [
solvent with & very hlgh p€rt1t10? Loefflclent is not alwavs supsrlcr to an -
) extractlng ugent Wthh has & loweA oartltlon coefflclent es will be explalned in

‘ I

themfollowing paragreph. - %?7

| o - R

Commercial opsratlon of dbphcrollzatlon plvnts of the extractlon type'

. ‘ I
means o constant ilght aG&lnSt lOSoCS of ths more: or less prec1ous solvent.

. he nus dlSthbUlSh between tha solvent losses which occur in the llquor €X-

i

traction’ system and those orlglnutlng from ths recovery of the phenols from the

solvent. Insv1tcole losscs are thoss whlch are due to ths solublllty of the,

solvent in the agueous solutlon. B551dcs a hlgh partition coefficient o suita-
blc solvcnt must have & very low solubility in water. Fowever, a‘low solubility

in- dlstlllcd wnter docs not gcncru ly 1nd1cute the actu%l solubiiitv of the

'

solvent in all types of phsnol contalnlng llquors. Proctical opcrutlon of a

\
dephenolizution plant which cxtructed o waste llouor orlglnhtlng from~thc COr-

bonizution of brown coal bj neans of‘t soeclll solxsnt showed much hlghcr losses

of the solvent than s to be expectbd due to the m?lublllty of tho solvent in

-water.  Owing to the churacteristic, of the curbonized brown conl the liquor




<alcohols.

con%uiﬁed-huéh“hbre

ct that the solublllty of thc soI%ent 1n the llquor wus con81der&bly 1ncreased.
s Y T

_bur1¢ce of the llquor are\m rrlbd'aléng by‘thc latter,‘resultlng in losses of

theé solvert unlcss speclal 1nstallat10ns are set up whlch recover the solvent
“fron the” cmu131ons.: In nost: cases’ 1t is almost 1mp0351ble to mukc zccurute

”cstwmates w1th respcct to the losses ‘due to formutlon of" enuls1ons from ‘labora~

’uch experlmants bec“use ‘an absolutely true representttlve sampls of the llquor

!

_to be, treuted 1s hura to obtnln. 6115ht chenges- oﬂ~theuoperatlng—procedure of

the carbon;zatlon equlgncnt, Af the con&cn51rg tnd 011 watcr seperutlng system,

_as well &s ot the the ol tuels processca may result in such a cnevge of the™”
S :
propcrtle'ﬁT the llquor s to 1nvor the formution of imu181ons.' “ot vcrv much

is known about the tyne of substances whlcn ere rcspcn31blc ior the Iormatlon of
cnu151ors if the llquor is Irce {rom ter o¢ls Lnd dust purtlclcs. Dust perticles

will accumulgte in'the intc%f&citl lever bctwean the solvent and thc llquor

prcvc"tlnb o propcr sap&r&tlon of the llgulds. Since tur oils are wnsolublc in
the llquor; thcyjarc €asily extracted bv the solvcnt ralslng 1ts SpOle’C

. . E .. RS . S
gravity,. chenging the surface tension et the interfice bctWeen the two liquids.

., It is therdiforc necessars to libersate - the liguob to be dephcnolizcd from tur

v
L

0ils und dust particles. . However) desp*tc the ubsence.of visible tor and dust

purtlclcs, cnu¢51ons tre sometimes formed to such an axtbnt thet the oper~t10n

- -

’of the plunt bucomcs-‘lnost 1np0531blc. 1 rcmembcr especic ly a dcphcnollz'tlon

<

v plunt whlch v d0°1bncd tnd cons tructed durlng the, curly days of thc war, Thc

i dcs;gn of the plant was o copy of ut leest lO plﬂnts of the bnnc typc, thb liquor

" S B e
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to ‘be tret ted was_‘ ste llquor orlgln&tlng from the carbonlzahon‘ ' i‘ coal

,'coke ovens were operated at normal temperatures the coollng system of the plant

WS of the standurd type. ShortlJ aftbr the plnnt had baenmput in® operatlon W6

observed the formatlon of hcavy enu151ons whlch deeplte all efforts, resulted

in the fact thot the plant had. to be shut down.‘ In thls connectlon I trled t%

. )
ilnd out the reason for the fornotlon of emu131ons by laboratory experlments. [
LQuLl volunes of the llquor and the solvent were'poured into e gruduuted cyl1n er

;)ac stlrred Ior a certaln perlod of time by means of u motor drlven stlrrer, thek
,‘_ l
speed of whlch could be kept constant by & rheostat. The mlxed content of'. thes

cyllnder vias allowed to sep&r&te for 2. mlnutes, where&fter the 1nterfa01ul layer -

of emu151on weis read end noted._ The 1nf1uence of fllterlng,,extractlng, etc.,

-on thc tendcncy to fo"m emu151ons could S0-be~ represented bv flgurcs. Thc

'cxtractcu org nic SubStuanS Wore Purthbr <epurated by solvcnts und agaln ﬂdded

to dlstzlled water in order to determlne their emu151fy1ng tcndcn01as. The "

B 1nfluencc of dust end s"‘ts which were present in the llquor was 1nvcst1g€féd

too, i well.;s thc 1nf1ucncc of the p -h value of thc 11quor.~ It was so p0551ble B
to tracc thb conponunts wllch wore rcspon51blc for thc formutlon of umulSlons.
Since in most cadcs it is not pOSSlblL to ellmln“te the emulslfylng substarces,
prov181ons nust be ‘nude to separ&tc the emuls’ons 1ron t}c llquor and ‘to’ 1nstall
some kind of cquipment whlch is eble to break tbc emu181ons.. In order to recover

the dlssolvcd solvcnt fron thc llquor dabcnzollzed -gas ,which cn511v picks .up
“the solvcnt, cen be pusscd through thu 11quor. By returning thc saturnted gas

i
to thc Taw coke oven gas the solvent is recovered 1n,jim;bcnzol scrubbcrs. The

chhcnollgcd llquor is trsnsierred to’the anmonic still where the urmonia togeth-

er w1th the solvent is dlstllled off. By-p“se1n5 the vepors through the satuFator
the crmonin vapors &re ubsorbed by the sulfurlc acid whereus the foul EWScs

together with solvent vepors aro returncd to the crude cokc oven gas.

10
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rof: he phenols from the solvent There :

:iare‘two methods employed a chemical and a physical one The chemical process

"makes react the acidic phenols w1th caustic soda solution forming sodium phenolate

L)

The sodium phenolate which”is insoluble in the solvent-separates and can»be “f

v-withdrawn for further processing, It is evident‘that emulsions, should they !

‘aoe formed. represent a loss of the solvent. because in most cases the sodium
'phenolate solution is sold The formation of emulsions can be prevented by
operating the plant with a clean solvent., Since tar oils, should they have T

'been present in the solvent, are insoluble in caustic soda solution, they\are

3

.returned‘to the extracting stage and will ac te in the eolvent In 6rdéri

'“to Timit" the tar oil content of" the circulating liquid (formaLion of emulsions)

_part of 1t is branched off and distilled, whereby the tar oils due to their
'high boiling point remain as’ residue in the still. The higher the tar oil
content of the liqnor the larger the volume of the aolvent which has to be

) distilled It is obvious that all efforts must be: made to dbtain a sodium

I

phenolate solution, the - sodium hydroxide content of which is almost’ completeLy
consumed by phenols. The waste liquors..be51deswphenols. ammonia etc. contain .
ihydrogen sulfide which is partly extracted by the solvent and reacts With the
caustic soda solution as well,
-Hs,ZQNaon NaS-/ZHO

Since 1 g HéS consumes 2.35 g NaOH and - l g CGHS 0H only 0.43 g NaOH it is
evident - that even small amounts of HES result 1in. considerable losses of sodium
hydroxide. It is therefore advisable to remove the Bas rom the solvent prior

to its liberation from the phenol compounds. The solvent is therefore treated

. with sodium.phenolate solution,myherepy the following reaction“takes place:

1Yy



2 06H5 O Na'f. Hes ' Naes / 2 061:5011

Sodiumvsulflde and phenol 1s formed'bybthe?d uble reactlon.; The phenol

blils 1nstantly dlssolved bj the solvent and extracted by means of caustlc soda
solutlon 1n the follow1ng phenol recoverlng stage thus ollmlnatlng 1osses of

v[phenols., As soon as the phenolate 1s almost decJﬁposed the sodlum sulflde

e

solutlon is. dralned and dlsposed of'y

The Second method to recover the phenols from the solvent by olstlllatlon 1

t is. p0851bl“<1f the b0111n5 p01nt of the solvent dlffers from that of the phenol

g mlxture. Should the b0111ng p01nt of the solvent be lower than thut of the

| . o \
U

R phenol nlxture 1t can’ be eas1ly dlstllled off whereby tho phenols remaln as

]

r681cue in the Stlll._ In case the boillng po1nt ot the solvent 1s h15her,~the “—f

phenols are dlstllled ofi and the solvent forms ~the" bottom product- ~The- d1ffer—

o e e

-ence;botween the two dlstlllat1on processes lles in the fact that the 1mpur1tles~
remain in the recovered phenols and an alnost pure solvent is returned to the

extractlon if the bomllng p01nt of the solvent is lower than that of the phenols

‘whereas a hlgh -boiling solvont whlch is strlpped from the phenols retains most

) of the inpuritics, - Slnce it was pointed out in the precodlng paragraphs that a

clean solvent 18 required in order- to prevent excessive formatlon of emuls1onsnnr
l‘thc dlstlllatlon nethod conblned with the application oi low b0111ng solvents
lseons teo—offer advantagos. In addltlon, the dlstlllatlon process is obv1ouslj ’
more 51mplc than the extraction bv means of caustlc soda solutlons.' Fowever,
‘ dlstlllatlon conuunes hent enorgy and cons1der1ng benzol (crude llght 011) as
' oxtract1ng agent almost one cbm solvent hns to be dlStlllCd for every cbm of
llquor procossod. Lhc dlstlllataon process is e€conomical only if very cheap
'lfteam is uvil&blo, }owevcr, if o solvent is appllod which-has a high partltlon ;ﬂ
Hoooffloiont, which meuns that onlJ 28 fractlon of the volunc oi the processed

water is nceded to extract the phunols; ™ the distilletion process is the. best

"solutlon to xccovar ths phenols from the solvant.

!

: -_1?__“



The solvent ‘losses are due to the i’ollow:.n{, i‘acts ; 424

: Formatlon of

ZSolublllty oi the solvent in 50 Hun phenolate

‘Losses due to vaporlzatlon of -8 low b01llng solvent.,

o %he latter ane reduced~1f a hxgh b0111ng solvent 1s used.d T

\

o The partltlon coefflclent has no 1nfluence on” the losses of the solvent.

however, a hlgh partltlon coefflclent reduces the amount of energy whlch 1s

f necded to- reclrculate the solvent as well s the amount of heat energy whlch

1s requlred to dlstlll the solvent.

Due to thelr quallty the phenols whloh are recovered in & dephenollzatlon

“~plant nust be reflned before marketable products Bre obtalned. At flrst

!

~Atrace¢ of tan;nlls ano the solvent are removed from the phenolate by "steamlng",

W

o hereafter the phenolate is "sprung" by oarbon dioxide br'by;gases which contein )

L

/hlgh amounts of COg.

G H‘;—"-O Na 4 002 /P _ cé K 0F £ N h 003
The phenol separates &S a brown 011 on top of ths solution of sodlum salts

It is Yurther refined ‘by- dlstlll&tlon, whercby carbolic acid, o - m - p -

crssol dnd the various xvlenols are recovered. The sodium, blcarbonate solu~-

tion is causticized and returned to the dcpbc ollzatlon plant.

Since phenol (cg F5 OH) is the most sqlublc 1n water of all tar acids

an orbanlo olvent Ulll proforubly remove cresols and xylcnols whcrcas the
phenol tonds to remein in the liquor,

‘ Extrection processes have been and arc’widely used for tncvrecovery_of o
phénols from‘waste liquors of coke oven blants, gds wofys, hydrogenation plants;
gasification plants, brovn coal proccs31pg plants, ctc. A great variety of
solvents has been proposcd but only & few proved succcssful Tor comner01a1

opuration.

13



A solvent should meet the follow1nv reqpl emehté;__

E = T -

‘ed'at"xhe plant 1tsélf, so- that:_T

2.

-Ecan be easzly rcplaced and that fresh SOlven lSﬁQlW&JSphft

i

“h;- The solvent should be almost 1nsoluble*an the llqjor.

5;:-The olvent should have ne- emu151fy1ng tendencles.

-6 The solvent should not be decomposed by alka11 of durlng the

- ulstlllatlon process.

[ Pl L -

Te 1he solventlshould have a low vapor pressure.‘
: ~

9w8;'~The spe01f1l gravlty of the solwent should dlffer sufflczently

_J, from that of the 11quor, so Lhat sepuratlon by gr&v1ty takes place.
9. Thg pﬁenol should be easalv recoverable from the ;;IQQnt.>
Experience ;hows tbut probubly no sclvént can. sat;sfy all rcqgirements..v
“The mos tly used bonzene (llght 0il) or certain oil»fractidns arE’Lamﬁiratiﬁely: |

chcap and are nanufactured «t the plant itself, but the partltlon oeff1c1ent 1s

low requlrlng large quantltlcs of - the ﬂolvcnt to be reclrculated nd processed.

Synthetic solvents such as "PhcncsoIVan" and "Trlcresyl phosphat@“ heve a high

partltlon ooefflclcnt ho”cvcr, are comparatlvcly expcn51ve and must bc pur-
. el
chused Prom outs:do-sourceSw—~Pcncc "1osses, wach can nevur be ellmlnated

. influenoc seriously the "economy of the process. AT : J '

" The, iollownng nethoos or solvents were used -in Germany for the extractlon

“of waste liquors: B . . ) " e

Coke oven plants gaéworks: benzene. extraction. [ '~,;
hy&rogengtion plents: tricresyl.phosphuta extraction; extraction. by means—
of middle oil originutidﬁ from the hydrogena€ion of

coal.

i
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‘Brownfcogi‘pfécesééhg‘piéhtsé» trlcresyl phosphate extractlon, phenosolvan

”;_‘%_;ff“"zatlon (1n experlmental stage)

,B,e‘iiz‘_enefextr_action S TR }

"é Benzene or, to be more correct, crude llght Lll, whlch orlglnates from f, L

SR

‘~the c«rbonlzatlon of coal und has been extracted from the coal gas by scrubb1ngf:
“tha latter wnth wash 011 has been almost exclu51vely used for process1ng waste 

llquors of coke oven plants und gas works., Its partltlon coefilclent is rather

low so that 0: 9 - l 2 volumes of solvent per volume oi llquor huve to be enployed

“in’ order “to ootaln a: 90 dephenollzutlon of t e llquor.: However "the solvent

s cheap and since 1lght 011 is contlnuously %roduced ‘by: the carbonlzatlon of
cuT ‘

‘W.COal losses can” be eas:ly replaced 1w 1039, there ‘existed 28 plants whlch i

‘extractec the phenol from waste llquor by means of benzene. Slnce steam was

B r&thcr expenslve the extracted phenol was mostlv recovercd from the" benzenc

’bv mcans of caustlc “soda solut*on. Some of the plants ILLe:cqu1pped with an

x

1nst&llutlon whlch recovercd thc benzane from the cxtractcd liquor énd which -

\
prcvcd very satlsfactory 1th the exceptlon of one plant the formatlon of

' emu151ons could be kept within reasonablc-llnlts. .Lhe last traces of tar oils ;.
were removed from thc llquor by & separnto w&ih with crudewlight'01lé which wan:
occa51onally llbcrated fron the nbsorbed-tar‘Jlls by castlll&tlon. éincg the

;purtltlon GOGf;lClént 1ncrcases with s r1Q1ng temperature prov131on$‘were mﬁdg

;1n é;der to bc able to prehe&t tha llquor to AO - 50 C. Prior to the removal

. of ‘the phenol from the solvent by me“ns:of caustlc spda solution’dissolvéd

HypS was absorbed by sodium phenolute solution. Part of.the recirculated solvent

was branched off and llberated fron sinultaneously absorbec tur 01ls by dls~

ﬁtllldtlon-

15
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‘Soﬁé{opéféking'dafd*from avéfdéysafésf }ﬁﬂ?Weié asffbllbws: S

VTﬁioughput of crude~11quor- h53 cbm per 2h hours

0. 88 vol. solvent
per vol. of treated :

 :Rec1rculatcd benzene-' 

9398 _ u n .

:Frcsh wnter for coollng S IR
'xpurposes ERR TR L ['.zQOl PR S

el

" “Steam for preheatlng the 11quor
famihsulhngpwtofﬂw . : e i T T

solvent R s 1ﬁ 116 kg per ’“u;' 31 kg peracbmi L S

: : ““. : w-V.;q e f . Zh hours Striliquor L S

’The denhenollzatlon effect w&s 85 - 90”.yj

'In ordcr to be able to reduce the s1ze of "the absorber, vzry slowly°‘ff
rotatlng perforated puddles ‘Were arrvnged between the usually employed 51eve

~»-pl&tes. quuor and llght 01l ‘are contlnuouslv pﬂssed through the absorber in”
. li
countbr _current flow, whcreby the 11quor 1s admltted 1n the top of the: tower

~w-and—tha llght oil in the bottom ths llqulds are w1thdrawn by means of adgust

<

‘ablo séals. ) : ."hﬁl“?A: B 3#,..

: nhen contanlng the dcscflptlon of processcs whlch utllle 1ow b0111ng

\ -
. solvents the “Phcﬂosolvan - process" nust be mentloned Phenosolvan is a solvent

i -

"con51st1ng of esters of carbOXVIlc acids. such as etth accfﬁte and butVI acetate

ecetate CLBCOO . (CF5)3 - CFB’ density 0.882, boiling p01nt 126 5° C) Theufff
. absorbed phenol cen now be'recovered from -the solvent-;;—dlstlllstzon, thus
_prov1d1ng the thractlon system with an'nlmost pure solvent vhich in turn,

climinatas thé'formdtion of enulsions. The low deﬁéity~of"the solvent aiiows

the cextracted llquor to’ separutc'bv grevity 'in a relutlvely short period of
plme. Jot very much experience fror prectical opcrutlon of commerczgl blents

is aveileble. However, the résults which have becn obtgined.from the. operation

of pilot plants were so encouraging thot it was contempluted to apply the

16



aturc carbonazatlon of coalfwas moro onvenlent to handle resultlng 1n the fact

‘:thgt-waste l;guprs of cokc:oven plunts were almost entlrely trcate@ w1th 1lght

0il.

Large volumcs oi phenol contalnlng'waste llquors are produced by the hydro-‘
5cnat10n process of coal.v,:hth the™ grow1ng eccumulatlon of the 1ndustry in: the
.Ruhr ares us well as 1n ledle Gcrmany prov131ons hqd to’ be made 1n order not

'to pollute the stream%. In- the brown coal dlstrlct of llddle Germany the

J;"Trlcresvl phosphate process"'was uscd whzch w1ll ‘be: descrlbed‘iﬁ ‘one™ of the
‘ . SR

t:follow1ngvparagraphs.. v £ v ST .lwl - ”f?" “*
v FoWévéf, 1t was: found out. tbat niddle 0115 orlglnatlég from the hycrogena-
' tlon of coal were satlsfuctory solvents for the phencls. Nue to & content of tar
. biscs the oils had & f&lrl"<éood partltlon coefflclcnt. Slnce thc tar bases‘_
2 5;2_551uble in water they are °low1y extractec aurlng thc dcphenollzatlon proces;,
thus lowcxlng the efflclcncv of thc cxtrﬂctlon. It was therefore contemplated_j o
to- replhce thc 0il in short 1ntsrvals, which could be cesily - done, because ~;
sufflclcnt middle 011 vies contlnuously produced.l The mlédle oil was merely an‘
apent which was pyssed through the depbbnollzutlon systcn before being further
proccssed. A commercicl plunt‘WgSAPHt ;n opcrttion-ncg;-thc end of the war,
:The utilization of hydrogeﬁ&tion'middlé.bil was ﬁnothgr*step"to use solvents
. which wverc prdduced a£ the plant itself in order to become independent from
'chgmiculs which'hﬁd to belpurch&sed.; A
.hhste'liquoré origih&ting‘from thc;ibwiécmpéruture cerbonizetion of brewn—

coalycontn@pxlargc wmounts of phcnol'which hcd to berextrsctcd. Tonv'éxPeri-

ncnts heve been carrlec out in drder to utlllzc the lnght 011 ucrubbcd fron the

AT
T
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:'breﬁﬁ“ebal‘ges. Howevcr, due o' the eraffln;c character of the llght 011 th‘

&

:&partltltlon coefflclent wes too

esyl phosph&te process. Slnce

the Dr. C Otto Conpany acqulred an exclu 1ve license for—the deslgn and con-‘

w“f_°tructlon of conmerclal plants of'thls type, I hud the opportunlty to watch

the developmen+ of the prooess from the very beglnnlng. 3%:»
Tr1 o—cresyl‘phosphate ((CH3 Céﬁh)3 Poh) is:.a. llquld whlch before b0111ng

i at normal pressure beglns to deconpese at th C. Under on absolute pressure of

20 - Hg it bo;ls between 263 - 26500. The denszty is about 1 18 and the
nolecular welght as hlgh &s 368 36. Unlike the already mentloned solvents the
aen51ty is higher than ‘that of- the wdeee“iiquor tolee”freatee“eed 1he b;illng
pomﬁtﬂlé hlgher thap that of the phenol. | '

The partltlon coefflcnent is mueh hlgher than th&t of llght oil or1g1nat1ng ;

from coal cArbonlzatlon as shown by the follow;ng table-

Purtltlon coefflclent wlth

Trlcresyl o s » = Ratio of Partition -
.Phos %ate,hr . Benzol. _ _ Coefficients
Phenol . 60 g 3
0TGresol a0 a0 o6
p - Cresol s Ti?é o 1.5 . - o
Phenol mixture : S . . .
¥n waste liquor ‘ 88 L 5 2 - ' 17.

_Due to the hlgh partition coeffxclent the volume to be applled was only
—_— p—
8 - 10Y of the volume of the llquor to be proccssed. ”hree conpuratlvely smal.

vessels Whlch were connected in series were pnssca by the solvént and the llquor
in a counter current flow. An intimete cpntact of the liquids was secured by

slowly rotatlng p&ddles. Due to the high den51ty of the solvent 1t was drulned

. l ' . -
18-
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“’**from the cone shaped bottom of the vessel whereasLthe processed wa:telllquor RS

'was passed through al followlgg_separatlnrﬁvessel_packed"*%h Rascflgurlngs

s

: 1n order to. remove: the last traces of the solvent. The tlny solv nt partlclesf

: should be retalned by t e Rascﬁlg rlngs and assembled to larger !
Ll s

. J: -
wdeere expected to separaje more ea81ly from the waste llquor.“fDue to,the very

(St

Tk

-l,low solublllty of ‘the s lvent 1n water the solvent IOSses were supposed to be

A it

: -extremely low whlch in turn was necessary because the solvent was very expen51ve.

what sometnmes actually happened w1th respect to the losses shall be ment10ned»-4

in one’ ‘of the follow1ng paragraphs. 'flw, ‘dQc‘:
” The pheool carnot be extracted from the solvent by means of an. alka11
'ow1ng to heavy emuls1ons whlch are formed. Separatlon by dlstlllatlon was _.‘

L'therefore emploved Slnce the b0111ng point of the phenol is lower than that o

ot the solvent the phenol 1% dlstllled off from the latter. However,'ln order ‘

- to’ Peep the dlstlllatlon temperatures as low as poss1blc el hlgh vacuum was .

applled. The flrst commerc1al plant was equlpped v*th & still and condenser

standlng hlbh tbove the: ground the condensete carrylng tube was 1ed to - the

Tf'ground floor of the plant thus cre&tlng a natural vacuum. However, in order

o s save helght the followlng plants were equlpped w1th o vacuum pump whlcn B

~sucked the v&pors from the stlll.

The dlstllllng column wes, packed with Haschlg rlngs snd equ1pped w1th a -
separ&tor which retalned the solvent mlst entralned in, the vapors. mhe .
dlfference of the boiling peints between those of the phenol_anu the solvent
was*large enough as‘f‘“preve 1t losses of the solvent due to its. v&por .preéssure.
With the phenol bclng the lower boiling conponent it is obvaous tbat hlgh

b0111ng tar oils accumulate in the solvent 1rcre&51ng its v1s0051ty and tendencv

to form emu131ons.

I
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"g~551nce separatlon.by dlstlllatlon was: not p0551b1e, Y chemlcal treatment

. had to be" applled. mhe ba51c 1dea of the reflnlng pr”

”he tar: 0113 whlch were prwsent 1n the solvent were polymerlzed by concentraéed

; sulfurlc ac1d (oleum), whereafter the auphaltzc substances were absorbed by

pulverlzed:l mestcne ané-sep&ratea from the solvent by means of ol centrlfuge.,‘

It 1s evmdent that such a procedure was R nulsance, tne onerajnn,waaﬁmolested
= g '\
by the acld 1uncs, qnnetlmes thc more or 1ess v1scous mvxture was splllea when

b

: tnc uulverlzed llnestone was aunlxed ow1ng to a. rapld 002 - evolutloni__TiEI:__—_
szder&ble anounts oi solvcnt were absorbed by the llwestone - asphalt mlxture

\

' whlcn Was renoved from the~ centrlfuge. Desplte all assurance thet ‘the oleum

. would not ntt&ck the solvent vig’ 1nvtst;g&ued *he reflnlng procedurc carefuIIV_

. f

1n‘the l&boratory. It was 10%10 out that the olcum attacked tHe u{lcresvl

pbosphete forﬂlnL mono -fand ai” -’crssylﬁéﬂbsp.eywwwlbl “" *2 Fob and

(CH Cr Hr) H Poh)" Whllf the solubility in water of the . trlcresvl phquhate

. =i »
is verv low the mono_— and di - cresyl phosphate *hch &.much hlgherisolu—

] i

bl-*t} resu¢t1rg in the igct tkut the reflned solvent 1s mor( ea81l"~n13501Ved

by the llquor tnus 1ncree51ng bc 1rev1table loeses. It is ev1dert that o
solvcnt whlc} has tof cxtAact waste 11quor whigh coneulns lurgcr quantltles

of tar 0ils must bc nore frequenely re.lhec tLus 1ncrL“sln5 the <qlvcnt losses.

-~ AS & result of our anestlgutlons I.\G, Farben repluced the ‘Sulfurie acld by

phosghorus acid \hlch was sufoosed not to attack the trlcresyl,phqsphate. I

tried tu flna 2 sclectlve solvent vhich cypracts either.the.asphaiéic suhetances
Tund do»s not touch the trlcrch1nhouphate or dlssolves the trlcrsstp}os*hate'
7wherc&s th asp‘ lts arc “rcceﬁltatcu.. It wes fbund out that benzine or par"f-

finic oils of o <0ﬂcwkat hlgucr boiling p01nt‘wohld d‘SuOlVb the trlcroq‘l—

phesphatc “t clevatuc teﬁpczaturc leaving the wspheltic substances untouched

50 jﬂat they viere able to be Svparated by filtering or cemtrifuging. iCpolingﬁ

20 -
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&the uolutlon Yesults 1n ay falrly\good separatlon of the ben21ne from tne

N 1 ! -

ben21ne.v‘iq6 rest of the trlcresylhphosphate can be recovered by vuporl"lng

tho bcn21ne or tne alreadv Sutur&tbd ben21neu

RS .\_’ o Bt

Qprocedure.- A sem1 commerclalﬂexperlnent’wq

satlsfactorv L

v A_cémmercialivJSized‘ﬁ4 t was operatud at the Leuna Factory whlch

Lo ; S

°howud satlsfactory resultq with respect to the extructVOn und the losses.

vtor on we nes1gned and constructed el dephenolﬂzahlon plant fbr ‘the hefrav:d

néur Frunkfort (dalp) he plant wos sup}osed to prccess wbstc 11quor orlgln—'"

ating from Tow: tenpcr turc Carbonlzatlon of brown coal . The phcnol wos - ralrly

well extructed, but conalder&ble losses or thg solvent were - observed nThe'

~wastc llqﬁor conualnec occm5101ally oll and e~ result ih thﬁ formutlon of

'

'emu131onq vhlch floatba on the surfﬂce of the tre“teu llquor and ere not

sunar“tca durlng the . pasuagc through the Raschlg rlng packea scparetor. The

- '
. i

vis'cous emu¢51ons were dcpos*ted on the burface of the rings block 1ng tke .

proper floﬁ of the;liquor.{ Tnc pvcklng haa to be renonec ot qbort ;nthrvals

ara De cleaned’ bv C&uSt‘C uod& solutions. We practiced- var10u° methods to.

sepur“tc tne tur purtlclcs fron ¢he 11quor “rlor to its &dn18810n in the
o
extr&ctlng vcssels. .Finully it was iound out that o lavar of piassava brooms

wos able to rctaln the 01lland ter pnrtlcles. But even with n—properly‘cleéned

viater the so1cht losses were nuch too high. One reason for the isosses WS-

thc frequent trparmcnt of 't} C—SdiV6nt7W¢bu concerrtrrteg sulfuric a01d whcreby

wator soluble substgnccs were forned os nuwtloﬂed before. Exhuustive investio
gations of {he waste quuor sh:owed thnt CORSlQ&”&bLC unounts of Pc ones

>

tldchydes, hl’LL“ bolllng ulcohols atc., verc pruscnt in the wastc licuor,

whleh inercased the solubility of the sclvent in 'hc wastus. Thers wus no oy

to rumove tiwse objectionable substunces ut reasonable cost. Tt was contemplated

.
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--té)pfonCé phenol creso;, etc., from tbe extrac ldfpheﬁoilmixtﬁ#e}” Howevé!

i phcnol extractLon, tbe losses were so hlgh uﬁwt “we. weru forced to shut down

: tue pla nt and o rcIu1a_tbe Hefrug @Le cxcusclve losse wcre not solely

 :to be trcaued Vs equallv resgonsLble._ At Least 5 more, plﬂnts of thls typev“v

'-re constructcd, whlcn were oncruted more’ successfuxlv although the solvent

-

losses were sonstlnes hlghtr than ezpected.' Ihree plants kuu to_process wies te

?lliquor orlglnatlrg from the hVQrogbnutloﬂ or” br”f )

cffareo less dlfflcu Lvos than thcse whlch cxtracted wastc liguor from the car-j
bonlzatlon of brovn coal. It is obv1o;§ thet the reput&tlon of “the t*lcres'l—~

phouph“tu prccess ‘was not th goou und tnat the brown coel processzn~ compunlcs

\\

ATy

'

wa"e glbdtl\ 1rtcrcs+ed Lo usc oomore cccﬂomlcal process. Lo S

S, - = e

In order to. become 1nde“chant from the purchase of o more or less ex-

ot

“erifinates from the

rensive sglvent, it was again tricd to use & solvent whig

T eny bonlzatlor of brevm coul 1tscl1. Light 011 nes not su1tﬂblcvus po‘ntca out
bcxore. .1knmwer, 1t was found that sniddle or: fuel oil fractions-of brown conl

tur, the phenol content of vhich hed been previously eoxtrocted; goave satis-

)
[ —_ —_ —_

~chory rcsults. The purtition coef”icicnt WS o8 hl[h es thut of coke oven
1i t 011 un@ no y'z.p).d diercase of #he ubuor“tlop ef‘;,1~ncv vms observed,
Slncc futl oil {s oovtlnuou 1y preduced by thb curbon1zn+10n procu°s, the 011

cun bc uuslly repluced- aftUr « short period of operation.

22
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A‘i A pllot plant was successfully operated w1tn waste llquor and a fuel 011

”son31sted*of a comblnatlon

SEEpT.
T

husmellm"natlng absorberu and seoaratlng vessel

”a counter current flow to t}e waste llquor throu

o

;connccted in serles. The phenol_w&s"ertra ted fron ‘the fuel 011 by neans: of .

vcaustlc oda u51ng & lelnb pump centrlfuge system too.- Each mlxlng pump was

followeu by a ceutrlfuge whlch separated the two

- [Ru—

'pto the follow1n5 mlxlng punp, etc.. The best ‘res

' -

'f“waste 11quor &nd solvent orlglnatel from the car

¢

d) lhe extractlon of . phenols from waste

is. connec»ed Wluh 1ncv1table los ses of the solve

,+k° solvent losses should be kept at 5. mininum,

Tond ghy peztltlon coeff1c1ent offers meny advantage
Y ful; 11 cue to.e\cc ssive losses of an: expen51ve s
’uneconomical. It is therolove obvious that grea
rcecover thc phenol from waste llquors without us

blnce pnenol‘has a fairly high-vapor'pressu

‘ nlthough a solvent whlch hhs a:

of'nax1ng pumps and’ centrlfuges,h

sy The fuel 011 was passed lnv

gh the pumos and centr1fuges‘>f

llqulds whlch were thep passed
ults wcre obtalned When both
bonlzatlon of the ‘same coal.
1quors by means of solvents

nt. For economlcal reasons

e L

s, its Enpllc&blllty is’ doubt-

olvent thc process becomes

t efforts have been nade to

1n0\a solvent

re parcicularly at steenm

termperaturss, uxperiments were carried out to re"ove the phenol from the’ waste

llouor by neens of cﬂeap fuels whercov the p}eno

v!gporlsec after a. smhll percentage of the llquo.

1l is supvoscd to be completelv

has bcon'dlstllled.~ ”he con-

densate waS‘reﬂlstl lca until the pheno vas concentratsd'to such an oxtent

th&t it se““rnted from the weter, 'However t weas louro that an & r\rec1e},lc
%

,volume of thc crude liquor hed “tg bc veporized i

n orocr to obta1n a 90%

dchhenolnzntlon effect. Thc fuel consumption would be very hlgh in order +o

cnrry out thc verious distillation steps.
!

The Yoppers vapor recirculation process was

the first solution of the

problen te eliminate the utilization of « solvent which wes commercially

e3
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emp&oyed. A current of stenm 1s contlnuously reclrculntou throug““the nbb.vr-*

11quor in order_to—vaporlf heﬂalvaaﬁa afterwards*fhroughva’hot caustﬁc vm

:iis

sod rsolutlon to separate the phenol from the steam. The dephenollzatlon effec
Jer} g’od however, due to the h1gh temperature of the caustxc soda solutlon

the.avall ble caustlc could not be totally converted to sodlum phenolate. In

: order to m  e full use of the caustﬂc, the dlluted sodlum phenolate solutlon

'was appllej

. mhs prddeq

to extract phenol from llght 011 or, other phenol contaxnlng 0115.“

was employed too, for tbe dephenollzatlon of waste llquors orlgln&-

tlng from the carbonizution of brown coal.‘ I have trled to pomnt out that the

g dephcnollzatlon of wuste 11quors, 51m11ar to. the desulp.urlzatlon o“ gases, re-

qulres much experlerce and SKlll not only in tho de51gn but in the operatlon oi

the plants, also. o ..

....Be Determlnatlon of " the' partitlon coefflclerts of the constltuents of o

brown coal fuel 0il, 1nfluence of admlxtures on the pgrtltlon coefflclent

tractlon. B

In -one of the precedlng paragraphs experlments were descrlbed*whtch'used

brown COL; mlddle or fuel oil- for the extractlon of phenol from waste llquor.

The fuel oil showed a falrly hlgh partltlon coe*flclent. In,thls connectlon
1t was of interest to qetermlne the extractlng efflclency/of the- varlous con-
stltuents of the employed 0ils Slnce 1t wes impossible to separate the 31ngle

components another proccdure had to be. emploved in ordcr to obtaln a rough

vstlmate of the eff1c1ency of the. conutltuents. At first the partition,co-_.-
g ek R

extracted wus detcrminéd. Subsequently the tar bases were extracted by means

'

of dlluted sulfuric &c1d and the partition cocfflc:ent was détermlned agaln.

o



' nvdrocurbons. Ilnally the aromatlc hvdrocarbons weré extracted by means of 96 T

:W1Jh reSpect o &queous solutlons of phnnol, cresol and xylenol and &.waste 3.'4

0

f;llquor of brown coal gas; }1ng producers. T f.; g vr"-*ﬁ“ DREN s

Mf{f Table 1 represents the propertles ofUthé:Broﬁn coal bil during. the course
.of the separqtlng procecure. g
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The b0111ng ana1y51s of the varlous 011s 1s éubgect to Sllght changes..,.‘¥f
Mt‘”hb spe01flc grav1ty is almost equal however, after the removal of the aromatlc'

Zn;drocarbons 1t decllnes uhnrply. The nolecular welght 1ncreases slowly w1th

an: 1ncreu81ng &nount of narafflnlr hndrocarbons.

between “the 0113‘2** S*aggfwﬁter ”m‘ 'f'-”. : f- :iv '__\ '. IR 1, e
Cfar aeid . Pnenol i Lo~ cresol cp R cresol. p - cresol
concohtrationx“, . R A - " L
‘mg per liter . 5,230 5,18 5,950 - l,es0

partition coeffi-

ciént of oil 2% - . 2.8 2.8 B R - Y-
SRRt WSS | QPSP :,““ 5_2.8 . ».....3'0,_[_ e L8 g 6.5._ -
o lme W 0.8 0.6 1.2 . : 1.5

weooon e G 0.6 0.l 0.6 v 0.5
C-Tar aoid - I,Q,hluxylendl ' 1 3 h -xylenol 1,3,5 -xylenol
concentretion © . . R T o
" mg per liter 1,010 - Lo 3 550 3,370
~ psrtitian.coeffi- . v - : o
cient of oil 2 - 7 6.2 : 22.5 1623
L ) T 10.1 26,27 Toep  21.8
voowooon g S 2.7 10.4 . L.2 -
noonowog 0.3 2.5 -~ 2.0
A B B -
- Tar acid - 1,4,5 -xylenol - waste liquor from producer
- cencentration ) PR - = o .
mg per liter 2,520 i C 11,750 -

partition coeffi- ‘ . A ]
..cient of oil 2 2l.6 ) - 5.1

e ] B} o3 o 2)4.7 : I ‘5"1

LIRS 1.2 3.0
" wonog 1.7 - 1.7

The renoval of the conpar&tlvely small amcunts of tar bases 1nfluonces the

'partltlon coefficient very little. However, the la;ter drops’ sharply when,the
) . : N s
unsaturatcd throcarbons have béen extracted, . thus 1nd1cut1ng tknt the un-
- e
Saturatcd bvdrocurbons, which are prcsent in the brown coal fuel 011 are-very
¢

i“1c1ent w1th,respacx to the extraction of phenol from wuter.

_ : . = - ) K N

N
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j Another decllne of the partltlon coeff’clcnt was . observed whrn the

:aromotlc hydrocarbons hadAbeen removed by means of 96/ sulfur1c ac1d fron whlchf;

11t is concludod thot aromutlc hydrocurbons have 8 5ood extractlon efficlency,

too.w Unsaturated and orommtlc hydroc¢rbons %eem to be the actlve agents whlch

v

&ore respon51ble Tor the extractlﬁg efflclency of the brown coal fuel 011. JAyl'

better conporlson of the' 1nfluence of tho~var10usAhydrocarbon classes on the -

'purtltlon coefflclent is offered by erpre351ng the determ;ned values'as per -cent

'of the partltlon coefflclent of the phenol f_@e oil, whereby the 1atter is marked

.

with 100. S L B
e - SUNOEIURG, -1 o3 L JO S
SR LT Lo S T LT phenol.
! Tar acids = 7 .———phenol cresol. xylenol-—" mixture
phenol free 011 1000 1@ 7T 100 100
unsuturated hydrooa}bonsv . ——i
extrnct‘d, oil cont.’ . )
-aromatic'and sat. allph.' . y oo e o
- hydrocarbons -~ 28,6 - 345 33.2 58.8
Aromatic hydrocarbons B 7 »
extracted, oil cont.sat. g R o
" aliphatic hydrocarbons .2l h 0.1 . - - 8.8 . 33 L.

The extractlng power is reduced to sbout 1/3 of the orlglnal'value when the

[

un'aturated hydrocarbons have been oxtractcd and another sh&*p decline is -
followeo by the removal of the aronatlc hydrocarbons. 4

It is evident that the part1t1on coefflclent of o solvent can be ralsed
by the admixtire of tar bases, because the physical extractlon 1s-a1dod by an
uddibiooul 5533595} ?eaction} In order to deteomine the suitebility of various
tur,boses, tho effect of a 5% admixture on'the partition coefficient was
’ioyestiguted. |



FrE ;gpét}::?

The following tar bases were admixed: '

© pyridine CSHSN' 

. pfnil’lne :.’ 6 H5 NH : . s v_ g
VOT-'toluldlne, CH 06 h NH2
dimethyl “oluidine” CH Ce H N (CH3)2

dlnethyl anlllne 06 Ps N (CH )

2.
qulnollnn C Hﬁ N '

..............

The followmng table L coqtalns thb results of the experlments-

“og”
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A con51derable 1ncrease of the lue of ‘the: partltlon coefflclent can

be obtalned only by an admlxture ofbpyrld;peror”gulnolrne. Other tar bases

ooy

produce almost no effectzjkL“Ljrlf‘_lv;>~erb

Slnce it may be of 1nterest to reise'the‘perfitioh~eoefficienf of &. solvenfi

some experlments were made w1th the scope to determlne the necessarv amount of

tar bases whlch is: requlred to 1mprove the efflclency of the brown coal 011.

Ow1ng to the good results whlch had been obtalned by adm1x1ng pyrlulne or ey
qulnollne, the 1nfluence of an admlxture of those two bases was 1nvestigated. ;

Aqueous solutlons of phenol and p-cresol were treated ‘with the already emploved

}

«broun -caal: Qll whieh wWes.. blended with. 1ncreas;ng volumes of pyr1d1ne or, gulnollne.w

" The results ‘are reprcsented by the attached dlagram l. With an 1ncrea51ng

' admlxture of bases the’ slope of the curve is very steep at flrst. Fowever, 1£";
becomes nore and more stra;ght Nlth a still hféher volume of bases added. ifhe
flattenlng of the curve begins with an admixture of—3 -6 mole bases to the 011
per 1 mol phenol in the 11quor to ‘be’ treated.‘. By admlxing 1 - 2% of the bases-m
to the 011 the pertltlon coefflclent can be elmost doubled w1th respect to the

. extractlon of phenol. It is now p0551b1e to extract & hlsher percentage of

phenpl than usual. Since_the bases are more or-less soluble in water, the

. . . . i : : :
16sses should be mdde up by a continuous admixture of bases in order. to maintein

the efficiency of the solvent.
Most of the ‘liquors to be dephenollzed .do not contain ; the phenol in. an

aqueous\solutlon but in & diluted solution of ammonia in weter. - thlc the

presence of tar bases in the solvent improves its effect, an ammonia content :
' !
of the liquor should exercise a deleterious effect on the phenql extraction.

The acidic phenols arc neutrulized by bases under the formation of sults.

" 'Phenols cannot be extracted from salts by solve?ts, unless the salts are’

Coaeps
wep
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: decomposed by hydrolysxs or: dlsQ061&t10n..~W1th an 1ncreas1ng amount of free‘;

'vammoqla‘tke d1acuClat10n of the ammonlum phenolate w1ll be retarded resultlng

“,g ‘u—decrease{of the appnrent partztlon coefflclent. e 'j'.34W~ :

In order to obtai : gures representlng the dependence of the apparent

'-partltlon coefflclent upon the. presence of varlous amounts of free ammonla, e

-

numerous experlments were carrled out. Brown coal fuel 011 11berated “from phenol,

mdand*bases LWAS. used as solvent for the extractlon of phenol and cresol from
agngous solutlons.- o ) N

.- The results ‘are representeq by the follow1ng tables~ fgf . -

a) concentratlon of«the solutlon- ----- b b7 g per 11ter ojoba mole per lxter

: phenol content L o £
Ammonla concentratlonv - after the o partltlon
~of the solutlon ‘ extraction %_extpacted coefficient
R . : mole NH peph g1 B v
g/1 o mole/1 - mole phérol o R ,
0.0 . - 0.0 o L0 e L
0.05 0.003 ~  0.06 1.L% 68.0 . 2,13
0.10 " '0.006 0.12 : o 1.55 -_.65.'5‘ ' .1.88  |
.16 . om0 e 63,6 Lk
0.25 | 0.015 oL 1L 6L ,’ 1.57
0.51 . 0.030 o062 Lo S L%
0.95  0.056 117 2,05 gle 1.18
‘2.0 - 0177 o : ;‘3-’69 o 2.65- 0.8 ’ 0.69
L.96 - 0.262 % (.08 Cesh . a3 | 0.2
10.00  .0.589 1228 3,25 "27.6 § 0.38
18.90 1;11 ) 23.10 ! 3.67 1%.9 . ©0.22
b0 2 g6l Chos T gl L 0.0
80.0 - Lr ' gm20 7 h.ob g2 b _0.10




ﬁj concentratlon of the solutlon- 5 hO g per llter - O 05 mole per llta
R T _ : i :’cresol

Hre S “,‘b e cresol content

: Ammonla concentratlon - after “the -~ gj‘v"*%Q‘v'v ﬂparﬁition_
Sof the solutlon : __.ﬂf;‘ 3ftrﬁ°t1°n v{;Lextractedg‘“ co¢£f}ci§nt
3 e j i mole p cresol . }1 . : e 3 .
S 0 o a0 A :.:‘0 88 | ‘ § 53‘-_.6 i l+89
oilt . oaﬂ © lodg e oTEo b
0. 6; o ‘ 0;03’6: o7 'A ” 125 g '78;'6" - 5432'.-’
. ‘o0 0..954" 1*;18.‘"’"_3_-’._‘ '1.27‘3_..:.:. LTS _3'-33:' :
Cso o oam s ons e 2.
“iw5 O“m—~?7 _B:ééﬂ?“ﬁmwfmfiééwwiwﬁﬁf f:§ffWihimfwéﬂﬁEWhWJwﬁE“i:85i.nwm
—9.86 ’5,55\9 e 1"1.62_,: o1  :-' R A 1% ,
30,0 . 1770 A 3Sl 265 5.9 7 1.0L

t
Dlagran 11 represent5>the results of the experlments.

ﬁhe flgurcu and the curves show Vcry clearly that with an 1ncrea51ng con-

'

tent of free ammonlu in the llquor the part1u10n coeff‘clent ond ‘the cxtractlor
power of the solvent are decrca51ng. It becomes more and more dlfflcult to

obtain a Lovr phcnol content in the treated llquor unless lerger volumes of

solvent are used. . . : -4’ A

Thc curves 1nd1cafe, thel already snall amounts of free ammonie exercise a

deleterious effect on %he partitlon coe£f1c1entvof theuso}vent. However, the

1nfluence beconus less 1mportant when the content of free smmonia exceeds 10 -

20 mecles ammonia per mole tar &CId. Such a decreaﬁ; of “the partition coefficient

will not be too importnnt ir was te 1iquor origineting from lov or high tempera- -

ture curbonlzuvlon of coal has to be extracted because most of the ammonisa ‘is
conblnud with cerbon dioxide and hydrogen sulfide. However, the influence bc—

comeq app&zont 1f conc»ntruted ammonla llquors uhlch ure ulmost free from CO2 .

und HZS have to be dephenollzed.  "7‘ o 'V"”an >‘7 C e g
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: Summary,' Experlments have shown that the good extractlon effect of a brown

‘ cou1 fuel oll depends on the presence of unsaturated and aromatic hydrocarbons.

IR !
RN -

E The partlt:on coeffrclent of g solvent cen be ralsed by admlxlng_tar buses. 

The presence of free ﬂmmonla 1n the lquor 1o be extracted exer01eu A deleterlous

Aicffect on the efflclancyngf the applled solvent.'

§ Vet OW

~jmshington, D. C. Dr. W vOPPELT
June 20, 1947
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