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A STUDY OF YHR LIONIN RESIDUES IN UNDLEACHED AND
PARTIALLY BLEACKED SULFITE PULP

I. INTRODUSTION

Numerous papers have been published resently which attempt to clarify
the mechanism of the ehloerination whish occurs when slementary chlorine ie
added to an uAdlesched pulp. Despite She large volume of research, in-
veastigators have not agreed eniirely as to what shemical resctions take

place in thie process.

The bdleaching aoctien of chlorine oa pulp 4» duiehtoﬂy %o She for-
ﬁation of ohlorinated lignin compounds that are partily scludle in water
and somewhat more soludle in sedium hydroxtde. In fast, 1% may de coa-
eldered as a continuation of the purification already begun in the coeking
process (1). Although there have besn a great many publications en
lignin, thare fe atill very 1{ttle known abeut its etrusture amd dehavior)
this lack of knowlsdge prohubiy agcounts for the slight progress that has
Yeen made regarding the actual mechanism of the chlorination reaction in

the bleaching of wood pilp.

It was the purpose of fhis investigation to study the process of
sulfite pulp chlorination in order Vo deSermine vhat happens chemiocally.
to the ligain. In order o sarry sut this -Iul; Swo different pulps were
prepared from a common souroe of woed and ohlo'rmt‘u with different per-
ocentages of the ohlerine regquirement. Matarial, chlorine, and sulfur
balances were made in order %o ascertain the distribution of chlorine and
sulfur in the resulting produsts. The lignias were isclated from the
pulps and the liquors at various stages by 4iffereat methods, and their
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chemical nature was studied. Sodium hydroxide extractiens were alse

aade at differens Sempersturss to determine their offech on the chler~
fnated lignias.

It was felt that an investigation of this type might possidly fure
alsh a litsle clearer insight regarding the sstwal reactions taking plase
in the chiorination of lignia ia sulfite pulp.
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I1. RIGTORIGAL

Payen (2) was prowadly the first te note the deligaifying u;in
of ehlorine on weody material. Fremy asd Terreil (1) later doveloped
the metdod for determining velluloss by the use of ohlerine, fellowsd
by extrestion with sodium hyirexide. This asthod was impreved by Cress
and Beven (B) in 1880 Wy their use of sodium sulfive upmdm
hydroxids. |

The uss of ehlorine watey by de Yaine (5) end Saseous Shlerine Wy
onaua (ﬁ) for ml:hc straw, tegether with the advent of equipment for
Mnu m.rlm-d umn. »ight be sonsiderel as forsrwaners of She
Wisaching process vith gaseons chlorinp.

Although 19 18 met dirvestly related te She mechsnim of exifite pulp
ohlerination, 4% seems sdvisable %0 mentlon some work on the chlerinatien

of ‘u_oko( plant sudstasasces.

s chlerins is eadded to water there is hydrolysis and an equili-
briwm 18 cot wp dapending upen the tenpsrature sad conceniyation of the |
Mpiregen sad ghloride fens. The equation fer the resstion ist

Cp ¢ B » B ¢ 1" « W10

feknidt-Nialsem (]) measuret the oxidation potential of sodiwm hype-
chlerite solultens with plailu electirodes and conclwnded that, Velow a
pE of 2.0, Whe reaction is similar to the addition of gaseous chlerine
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and that the reastion is ehiefly shlorisation. Ounly chlerinstion will
Yo considered heve. |

There are Vhres pessidle reastions of chlerine with organis sompewndes
(1) Addition %6 & doudle hend with no 11bersticn of hydroshleris asids (2)
sxbetitution of chlerine fer labile hydregen vhich weuld 1iderats sse mele
of hylrecklerie asil per mole of hlerine convemed; and (3) sxidatien with
the 11daration of twe moles of hAydrechleric acid per mole of ehlorine sem~
-t (). |

I8 42 thus ovident that a study of the ratio of hydrechloric asid
~ 1iversted te the ahlerine consumption in the shlerimation prescess wuld
thyow some 1ight oa the reastions taking plase.

Gress sad Devan (4) chlorimated Jute and meted what Shey sonsidored
to Be & defiaite chlareligaia cowpound (O1gl, g02300) vith & ehierine oen-
tend of 27 por oent. Prior e ehlorimation, the jute vas beiled for tem - |
te fiftem ninntes in s ) par ot sedium Npdrexide solution. The chlerims
mimma of the Jute vas sizteen to seventosn per ceat om the -iuit
of the fidar, MAlf of which appéered as hpirechleric ssid. Revever, wowk
‘a- phﬁ. besslt, sysamere, aad Mreh previsusly treated uth 1 por ot
Dot seliws hydroxide for tem te fifteem minntes shoved & mwsh Crestor por-
oentage of hparechleris asid Termed (65 %o T5 per oemt of the chlorise
adied). The het cansiis dreatment remeved 11 to 18 per sent of the eriginal
saterial.

In studles on the ohlerinaticn of jJute fiver, Streag (§) reperted
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‘results scmewhat different frem those oMained by Cross and Devam.

Prisr to chleriaatien, the Jule vas heated oa » Weiliag water Sath with
1 per sent sodium hydrexide for ene hour. Strong reperted an average
scadined shlerine content of 5.0 per sent, vith 9.9 per cnt of the
shlsrine ia the form of hydroshloris acid, Based on the eveairy welght

~ of the sample, In further stulies on Vistorian seuntain ash given the
sans pretrestnent as the jute, Stwong (10) reyorteld similar findinge;
about twe thirds of the chlorine gensumed was deuu Ipdrechlorio
asld st ome third comdined with the ligtn.

Hewaer and Sieber m)" reported results similar %0 those ef Cress
_ and Beven and Strong. They ehlerinated eteamed sprucewood st O° 0. %o
the point whers all e Lignin vas renoved and found that of the equive-
et of 40.6 grame of Ghlorine added te 100 grems of weod, R.1 srame
formed hylirechloric asid and 9.5 grame eemdined vith the 1igain. This |
1e abous 7% per ceas of the chlorine as hydreohleric acid. Houser and
Rang (AD) 1ster ohlerinated strew snd found eiuilar results as regards
hydroshloric acid fermatien.

Vamtig (13) made o yather extensive study of spruce ligain ia the
mmpm”m; He found Ahad ucmmumm

m{gmwuumnhmmwoatmmwnt
of the time and Semperature of ehlerination (six to tventy-four howrs and

15 to 25° G.). The percentage of hydrochloris acid formed deoreased with
the addition of Mplrechleric acid, imdicstiag that the formation of hydre-
¢hlorio acid depends wpon the pi. Xaatlurm.thouﬁuum
ehlorination reaction is 1afluenced by the pif. | |
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About half of the chlorimated lignin Deceme water soludls duriag
ihe shlerinations and shoved a pelatively lov ehlerise sontent (18.5 4
19 per oent).

™he chlerolignine wers aleo 'mm. in othyl antd methyl aleshols,
asetons, and acetic asid. A larger smewnt of the lignin dissclved vhen
the shlorinations vers sarried ewt ix hydreeAleric astd. The mais por-
isns of the chilorelignins vere extraeted vith aleehol sad shewed ehlering
sentmts varying from 25 %0 39 re» Qut. The shlerine content of the
1ienin compeunds ineveaseh slightly by imereasing ks Sempevaturs and
- Whe iMofMMM“M"MMNM.ﬂI aoid
sonsemiration. l'ntn‘hﬂt of the md wlig nter ut S nunpnn
pressure for fowr hewrs, 10 par cend asmenis. for Cowr bewrs 2t 13¢° 0.,
10 per ot caloiwm uu.a m fnr hqwo n 5 aunpuna pressure, or
18 par sent solim hvdnxuo for tm bm at 5 -huphon. prednsed
114410 change 1n the chlorize seatent of the final 1igats. The chlerine
content of 1ignine frem sther veods sad sirew were abent the seme as (lad
frem sprucevoed. | | | |

A rather recsat iavestigation Mas Been meds by Willer (J9) ia which
he sxtzasted the 1igain from shlerisated spruseweod with aloshel. The
orede prodwsts (22.5 te 27 per cent yialde) saparated on eeneemtzation
and varfed ia ehlerine senteat from 22.5 %o 27 por eemt. Rxtzactien of
the filtrate of ehlorelignin with ether and feolation of the produst gave
2 % 5.0 per sent of a material similar $o the chloreliguins. The in-

. Seluble pertien was precipitated with lime or darytes, and was clainmed
% ¥ 50 te 80 per cent temmfa.



-7-

Miller separated the orude chlorisated 1igais fate ethesr-scluble
snd odher-insoluble parts coataining 26.8 per cent shlerine and 4.8 ;&
~ etnt neidexyl and 2.3 per cent mmmh.;méutumm. rer
apectively. | |

In & mere recent pudlicasien, Muller and Stalder (13) reperted -
perinents vith aany iypes of plant constitusnta; the resulis mm hat
all oould ds shiorinated. The ehlsrine sontent varied from 3% per cent
for lignin %0 M5 per cent for pyresateshel. Ligains theved chloviae

' conswmptions of 1N3 e 217 par cent vith 115 %0 173 per eent as hydre-
shlsrie asid u‘ 3i o ¥4 per caat or”tnny sonbdined.

Jamsen and m Qﬁ) mu what thq mnuorﬁ Yo Ne a homsgencus
 3t@ain chloride W ohlortuthg rpmo Mm in a -upcntm of methyl
aloshol. Fhe lignin ahisride was presipisated as a crean-white prodwed
%7 pouring the aloshel 1ato water; analyses shoved 1% to b & paritally
ehlorinated auw. Lgin to shiek the forsula Onplps0g61;5(0N) o (00N, ),
a8 asorided. The W\u frastion odtained by rnhlorsunu *on-
pared fairly well to Brawis and BfWert's methanol lignin QD.

Tortey (Lf) has used !m“- umh formula (19) %o sxplata
She blesehing reactioas. There are ne douwble bonds in Ahis 1ignin for-
‘mala and he Nelieves ﬁaﬁ ahlerine is iub-tthtd for hydregen in the
para position to the methoxyl 'mtp o2 the bensene nuecleus ae & persuta~
" %ive yeacticn (reactiocas oscurriag with rapidity throughout m‘ w¥ire
Bass). Asgording fo Petlev an oxidation resstien is assumed ¢ Sake
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place st & mush slewer rate and less completely in the thé part of
the 11gain molesule at i&mumxmu.tumum
‘assumed in the 1igin oleeuls to form malier lignin fraguents that are
soluble {n vater and dilute alkali.

Fotiev further wsed the equation of Opfermama (20) to postulate the
degreen of eubstitutien and oxidatien that ocour om ehlerinatios. Singse,
on sudbstitusion, one mole of chlorime forms ome sele of hydrochlorie ssid
and, on oxidation, two moles of hydroshloris meid, it is peesidle ¢ do-
Sermine the degree of each reastion when the h,lncuoﬁc asid coneentyre~
tion and smeunt of ehlorine consumed are known.

Assuning that 100 m of ehlerine is used, then
7-0.510(m-8).0r
7= 100 « 0.8 |
Wiere y = grams of chlorine forming hydrochleris asid, x = grams of ehlerise
utilised by sudstitution, and 100 ~ = = grems of chlorine utilised ¥y oxida~
Slea, If xw 0, y» 100} if xw 50, 7= T5; and 4f x = 100, y » 50,

Rys (21) reported the smeunt of hydrochloris asid formed as % te 70
per cent of the ohlorine sdded and Rauchberg (22) reported 70 per ceat for
ordinary dlesching; weing 70 per cent as a Sypisal figure, x would de 60
aad the oxidation resstion would be 40 per cent.

Rauohberg (22) aleo showed that the peromtage of hydrochleris seid
forned inoreased as the momt of ahlorine sdded vas inoreased. Taen smaller
amsunts of chlorine (based on the pulp) were added, $he reactica was shiefly
one of n‘bstimm. ™his is. k00 \on§ oud by l’n (Z1), *ho gave values
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from Sh 40 T8 per ceat, and by Fotiev (1§), Whe showed that the sswrss
of the resction depends upon the concemtration of She ehlorine added.
Jor low sonsenivations of shlerine, adout 95 per aent was used in the
sudbstitution resstion; the amouat desressed %0 adeus 50 par et vhem
higher cklerine sencentralions wers wesi, iadicating that, in the hticl
case, the sudstitution reastion is replaced By eme of exidation.

Yoigwmen (23) rmﬁu somevhal lower results for hydreschlerie nu
formation. In eaperizeats waing 50 per ceat of the ehlerine demand oa
Mitesherlich sulfits pulps of 7.1 snd 5.4 per oems dlenchad¥ility, he fownd
5k.5 and 55.% par cent of the ehlerine as hydrechleris ssid. He deter-
mined the letter by using & petensiometric $Avetien method asd called
s p% of B the ent polat. As a oheok, Ahe values for hydrestloric seid
at apii of 7 hdn boen mnmam Ahe Dyirechloris acid consentrations
- mmn‘guwwmtammumw. ammmmy
‘wall ﬂth othar zeported valuss. V'lm Delisved that the inoressed
caustic gonsumpiion (necessary to predwce 7O per cent hydrochlerio asid)
as repovied by other investigotors was 4ue to bydrelysis of mhih elove~
1ignin compsunds.

aere sesms 10 o a peist of ohlorine sadurstien for pwlp and other
plaat substendes, ae indicated By tbe Crese and Devan method for preparing
collulose sud as reported by Petiev (18) and Reuskberg (22). These chlere-
1ignins, ss Ranchberg states, are partially soluble in water sad in dilwte
alikaliz the removal of ths latter Yy solutisa in alkall duriag the Wesshing
Process saves shlorine whioh weuld othervise be censwmed ia the ezidation
of these Alkali-soluble produets.
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c. oz In ox NATIC

Trom the various results reported in the literature, there are a
fov chemicnl changes that are commonly reported as taking place on the
chlorination of lignin or materials containiang ligain.

Chlorolignins prepared in agqueous solutions from ligains or 1solated
from ehlorinated wood are net definite or uniform in chlorime somposition
(13, 36. 84). Jansen and Bain (1§) . h\rdvu. slained %0 have prepared
s definite M miforn methyl ouonupu by Sreating spruce sawdust
with ehlorlu in methanol ahd rnnorlutlu She isclated produst.

Chlorinasion of liganin or wood in aquecus solution rcmn ia loms
of mefhoxyl and hydrexyl groups (1Y, }ﬁ. 24, 25). 1f, hovever, the hale-
gmation of lignin is carried out iz methyl alcohel as reported by Friedrich
and Pelikaa {20) and by Jamsen and Bain (}6) there is apparently mo decrease
of methoxyl. It is possible, ia mi cagse, that methoxyl growps have deen
split off from a part of the ligain wolecule and others have deen added
at other parts by the action of the hydrochloric acid in She presemce of
moethanol, as in the methanol lignin. ™his is confirmed by the work of
uiller (27), who treated spruce sawiust with chlorine gas for 4wo or more
days, washed ous most of the hydrcehleric acid with water, and refluxed
She maserial with 70 %o 90 per gont ethyl alcohol containing 0.1 to 1.0
per ot hnroohiuu asid. The alcohol lignin was precipitated into
wvater and analysed. The lignin thus prepared was separated into ether-
soluble and ether-insoluble frastiens: Shese are reported $o have the

compositions Cyoliog0y,015(00Hs) and Oyolyy 0y 5ClG(00gHy), respeotively



ou-

they contain ne methexyl greups bat Rave ocne ethoxyl growp per iigaia
mis.

Another rather defiaite oonslusion reporied ia ths literature is
the fact that freatmmt of ehlorinated ligains with csustic wda eplite
off ehlorine. Sarkar (2§) sarefully chlorinated powdered Willatleser
lignin from jute for fowr hours and sdtained a chlerine eontems of 5.8
per cet, which desreased S0 17.7 per cend whem Sreated with dflwte
sedium hpdrexide. Barris and ce-weorkers (Z8) reported siniler findinge
in whioh Klason lignin frem ruse and sugar maple, shlorinsted in car-
Yon tetrachleride, showed a degresse ia chlorine coatemt from 27.5 te
15.8 and 19.5 %0 11.9 par cead, respectively, vhen trested with 5 per
cent sodium hyiroxide. Pevell and Vhistaker (3, 30) shlerinated altalt
11gain from various voods and propssed » 1igeis melecale with twolve
shlorine atems (Gigfipy0gdly o{0K)O0E4CHO) -u-b. after eoluties ia
alkali and represipitasion, Moc‘n losse ot six chlorine atoms. Jansen
and Dain (16) reperted siniler findiags. Yhen fhey tried to methylate
their aloshol lignin chloride with eaustic soda ant dimethy)l sulfate,
there was a loes of seven of ths $hirtesn shlerine atems with u ochange
in methaxyd noauﬂ (after sorrection fer ehlorine loss), dus an epeming

W of one hydrexyl grewp.

A poiat mesticned by several suthors (11, 1N, 1)) werking vith
thlorinated lignine s the facs that a lesu action of asid f»
Recessary %o remove the ligain fros the pulp or wood. Mis, they have
concluded, is evidence that a Wond sxiets Vetween the cellulose and

1igain.
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In spite of tho‘).auo amount of investigation on the presemce of
doudle bonds in lignin, this question is net seftled. The dowdle dent,
hovever, is often nentioned as & peseidle place for shlerine sdditien.
EiVhert and }!‘mor (32) indicated that part of the addition of hypo=
shlerous acid %o glycol uph h du to an o\lqluo lhhm B4 dbart
and Senkey (11) somsluded thet 1Lgain coataias ene o7 meze dswdle Monde.
Fuchs and Hern (31), on drouinstien of orueed, FilletRster Ments,
and asetylated eprusswecd, “1“ Shat pﬂlﬂ" ll’!u Mliu ~
hydrogen atom replacesble Wy bn-lu aad a Muuo ‘bond upm. of addi-
m§ of twe bromine atoms. Pomilio (I4) postulated equations fer the
_®hloriaation of _md which ocaused him to_ delieve there is some addition
~ Saking place. Jansea ud Betin (}6) very mu‘iy-mlm the entrence
of two of thc thirtesm atoms of chlorins %0 a éoudle dond in mn nothyl
1igis -amuo.

On She other hand Sarkar (2§) has stated ihat the estimation of
ohlorine as hydroshleris scid shoved thet !uudthr u@ui&hm ,
no dowdle beands. Mw and Ziekmen (15) also ooncluded that there are
~ we double domds {n VilletRiter Lignin. Freudeaberg aad oe-vorkers (1§)
| freated lignia (1s01ated from sprecevecd ¥y ﬁtho Previenderg method) with -
a solution of dremine in hydrodromic scid and feund that wnder these
condiftons uhtlit“on btut w0 addition teok place.

Frem the adove review the following esenclusions conseraing the
shlorination experimeats oa lignin materials may be madet



(1) There §s urfmui 12 the behavior of the methexyl, hydrexyl,
and ehloriae groups ian ligain since under variows treatmeats thoy ave
partially replased.

(2) The presemce o7 sbsense of a dowdle Besd in lignin has not TV
proved. | |

(3) The additien of ohhmo and the exteat of the sudstitution ia
uaﬁ iro dependent on a0id conuatnthi, Ssmparature, songentratisa
of lhioﬂu. and type of -ohnt.

(W) m.mmm are pnrunuy soludble ia ntor Wl more soludle in
4ilute alkali.

- (%) mmnoru un is formed whea uan 1s mumcu. the per=
~ semSage torn‘uyuuunpn mwtm otehhﬂnm The
greater the percentage added, the greater the pmnn of hydrechlorie
‘as14 formed.
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111, ANALYTICAL mons AND PROCRDURES

The analytical methode and proscedures employed in this investigation
are given Delov and will be referred to by name in the future. In nearly
every case at least aupuu“ deterninations wers made, and the analytieal

results given are average values.

A. MEPRODS OF PULP ANALYSXS

1. Yolaturg. The wethod for testing pulp for moisture consisted
in taring composite uuplo.i... MI’ noi less th&s an equivalent of 2.0
grams ovendry, drylng Shem 1a veighiag bottles in sa even at 105° C. over-
night, and wolghing. | -

2. Ash. Institute Method B22, using platinum crucibles and a Meker
buraer, vas used.

3. Lignine 3Institute Method 428 was wsed in all sases where the
peraantage of lignin 1o given. Gooch crucidles were used and in some
cases a dlatomaceous silica filter-aid prepared By Johas-Uanaville, *Celite
Analytioal Filter-Aid®, was used te insrease the rate of filtrationm.

%. Methoxyl. Institute Method 18 was used in vhieh pulp samples of
about 0.2 gram were takes.

5. Chlorins Songumpbion of Pulp. TAPPI Standard Kethod ¥ 202 m was
used.

6. Pormpaganate ¥umber of ulp. TAPPI Tentative Standard ¥ ak w37

was waed.



7. Bee Qhlorine Fumher of Puipg. The method is essentially the
Johansson modiffoation of the original Roe chlorination metsod (3.

S. (hlering sad Suifyr. Isaswuch as the chlorine asd sulfwr ooa-
tents of the pulps vere rather lov, it was nesessary, in order to obdtain
accurate values, %o wse fairly large samples (2 4o 3 grams) for a deter-
sination. The Caries combustion method was attempted, but the high
pressures caused some of the tubes to explode. It was desired %0 use
one sample to make both the shlorine aad sulfur determinations; thus, a

new nethod was necessary.

The method devised for the detersination was eseentially a comdination
of the Xingeteds method for sulfur im pulp (3§) and the Pregl method for
chlorine ansiysis (39).

The organic matter was decomposed by oxidation with fuming nitric
scid, using magnesium oxide as & satalyst. Ths chlorine was driven off
as elementary chlorine or hyirochloris acid and caught ia standard silver
attrate soluticns, smd the sulfur was 1eft behind in ths resction flask

as sulfate.

Pigure 1 is a diagrem of the spparatus used for the determination.
The pulp sample (2.5 te 4.0 grems) was plased ia She short-necked Kjeldabl -
flask & f13ted with the Claisen dlstilling hesd B together with 0.7 gram
of magnesium sardonste-magaesium hydrexide mixture (3UgOOy.Kg(0R),.300)
and a few boiling ohips. A known amount of 0.05 K silver aitrate eolution
‘was placed in flask ¥ and the abeordiag column I sad the water ia the
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FIGURE 1

APPARATUS FOR SULFUR AND CHLORINE DETERMINATION
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reflaxing condenser G and the eondemser ¥ started. The pulp was firet
seistened with 5 nl. of ceu@tutod altric aold added Shrough the dropping
foasel D and then treated with 20 ml. of fuming sitric scid. e semple |
was refluxed vith a low flame for about one howry sfier which the reflux
condenser was turned off and the 1iquid distilled €F %0 & low volwne while
earden diouide gas vas paseed throwsh inlet B. In order e insure scw.
plote ramoval of the hydrechlorie acid, about 10 al. ¢f water vere added
te the veastien flask and distilled over. Toward the esd of the uuuh—
tien, the 4istillate vu_ _iut_-l yhh silver ‘_a&tn»o

Moy the rﬂuu !u cnphto. the silver muuo and the excess
silver umac selution ves vuhoa iato a velmtﬂo Nlask (200 ml.) amd
asde vp h wlm with water. Mc soludien was rnuna % remeve the
otlver chloride, and 50 ml. aliquet parts vers tllrstod with 0.05 |
p,uufv- Shiseaaste solujien with farric aitrate indicater (10 md. of
10 per cent selutien). The materisl 1n the reastica flask vas washed
inte a 150 mi. 'ug'\mr, svaporated e drynass en a stesh or hot vaiw
adh, Areated witk 5 ml. of cencentrated Muh asid, and agais
evaporated 30 dryness %o remeve the last traces of aitrio asid.’ e ro-
eldne was dlsecived a 10 al. of 10 per seat hyéreshleric aoid and sbOWS
20 ul. of vater, f1ltered to remove the stlice, ete., Bade wp 10 & velwas.
of adeud Q nl., hna on & hot water bath, aund prntylhtd with hot
darius ahleride soluitoa (7 %o 10 nl. of 10 per cont uh\tu-). The eelw-
tion was sllowed %o umt for n leasd two hnn. set over night, filtered
on a Barlin Ne. 1 perous crusidle, and weighed ae darium sulfate.
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Pio nethiod was chesked againet a ssmple of knowa sulfur aad shlorine
sontent that bad Deen checked By the Oarius method axd ales against seme
pulps that weye yumn By the Carine methed. The fulleving are typisal yeemltisi

A3 1
COMPARISON OF METNODS FOR SULFUR AND OELORINE ANALYSES

Semple Carivs Nethod : How Nothed
38 a.f s,$¢ O,
Knowa 11.45 12.bo .52 12.32
m.g

u‘w 12.
12.%
¥3-75-20 (Pulp) — we- 0.0  0.106
0.073 0.10%

In all sases the sample was haated in an Adlerhaldem drier fer at
least two hours Bafors asalysss.

1. Agh. The ash determinalions for samples of at least 200 ng. vere
pu!'uc out in platinum arusidles and t!u ash usually veighel en the semi-
sicre dalanoe. Saaller sanples were weighed oa the semimiore Nalance,
ashed $a mioro porcelain arwsidles is s weffle furnsas, and veighed u
the miaro balanss. Vhers a furnace vas net handy a Meker burner was woed.

2. HMethexy)l. The methexyl senten’ was determined ouuﬁdly v
Institute Method 15 exceps that a semimisro balance and apraratus were
usedy the sample used vas adout 20 mg. The quantity of reagents were re-
dused Se adous half of the rogular amewnt.
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3. Jitrogem. The nitreqen coatent of heasidine lignine vere de-
Sernined in oerder te correst for the hamsidine sontant of \he lignins,
he Muo_n vere carried ous scoording to Institute Nethed 704 a,
“Determination of Nitvegea Uy sho Kjeldahl Method (Semimicro).* Amalyses
of bensidine and aoetanilide shewed only 95 %o 96 per cent of the thee-
rettcal nitrogen. However, the rasults vers considersd to de sufficimily

. asourate for the purpose of this work.

B. Chlorine snd Swifur. The anslysis of eblorine and sulfur were
carried out on the same sample by oowbustion im Carius tudes. The pro-
viously dried 1igain samples were weighed into glass vials and placed 4n
Abe sombustion Subes with 3 o § ml. of fuming nitriec seid end 100 %o
200 ng. of silver nituﬁ. The sesled tubes vers heated for four to
six hours a8 230 %o 250" C.} the contents of tiu mﬁ were vashed inte
150-al. beakers and evaporated te about 4O ml. When the silver ehloride
was d1fficuls o wash from the tubes, a 1i881¢ ammonis was added and later
neutralised. The silvar chleride was filtersd on small (5 om.) tared
ashless filter papers, vashed, snd drisd oversight at 105° C.j them 14
was veighed. o

The exvess silver aitrate was removed by adding 10 per cent hydre-
ehleris asid, evaporating the sslmtion te abowt %0 ml., filtering, wasaing,
snd discarding the precipitate. A ptuh of pure sodium chloride was
added %0 the filtrate, which vas dvéomd\o dryness to remove nitrie acid,
made wp t0 40 ml., and again filtered 1f any precipitate was presest.

The sulfate wes precipitated by addiag 5 to 10 ul. of hot ariwm
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chloride-hydroshloric noid solution to the above filtrate. The samples
were allowed %0 digest on a water dath for at lsast two houre, let stand
overnight, fil%ered on a Berlin No. 1 perous erucidle, and washed free
of chloride. The arucidles vere heated in a porcelaia cruaidle fitted
with an asbestes ring o keep the porous erwsidles from wmu the het
peraelain. Yhe sulfste was veighed as varius sulfate.

In case the chlerine was no% determined, \he silver nitrate m
not added to the ewhuotipn tudes and the selution was filtered before
sdding the barium chloride. |

5. Agety) Oroupe. Acetyl determizations on the asetylated samples
were carried cut dy Institute ZTeatative Nethod 19 (1933), whish is essenti-
ally the Preudenberg Nethod (80). As the method is designed for pulps,

a few changes were made. Yor 50-mg. mlgl 0.0) J asid and dase wers
used and for 150-mg. samples, 0.05 ¥ acid and »ase. The quantities of
alookol and g-tolusnesulfonic acid wers deoreased to three fifthe of the
values givea. Where the 0.01 ¥ reagents were used, most of the bdase
was neutralised and the solution was conoenirated 0 a smaller volume

in order to make the and point chaags more premsuwaced.

C. MMHCDS OF LIQUOR ANALYSES

ric Titre with wm B for Ag
aald-base $itrations wers carried out with a conduvotivity apparatus, because
the oolor of the liquors masked out any fadicator color change. The appara~
tus used was very similar te that describded Dy MoXlhinney asd co~workers (81
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for the titration of soda dlack liquors. In each cass a semple of 25 nl.
of the liquor was diluted with freshly boiled distilled water and the
oubic centimeters of 0.02 X hase was pletted againat the millismpere resd-
ings. Figore 2 is a typloal curve. The first eud point was taken as the
neutralisation peint of the free hydrochloris acid.

Eitrsts. Pree chlorides wers daternined ¥y $itratien with 0.05 K stlver
aitrate soluifon, using the apparatus desoribed wader C-1. The curves

wers rather clear out as shown in Figure 3.

3.
sulfur in the liquors were made with thn apparatus descrided adeve for

ar. The analyses for total chlorine and

the deternination of chlorine and swifur ia pulps (seg Figure 1). The
nethod was ecsentially the same, except that the 25 ml. of liquor was
evaporated nearly to dryness without the reflux eondenser being in

operation before the fuming mitric acid was added.

4. Zotyl Solide. As & cheek on the hydrochlerie acid in chlorin-
ation liquors, ‘u determination of $he total solids wes carried oot in the
follovwing way: A measured amownt of the liquor was neutralised with a
known quantity of atandard sodium hydroxide (color change in liques),
evaporated to dryness in a platinum dish on & stean bath, and nx“.
The proper oirrootion was nade !or the amount of sodium chloride formed

on neutralisation.

5. Ash. Fifty ml. of the solution were evaporated %o ;lmcu on &
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stean Dath ia & platinum dish and ignited over a Meker durner. Iu the
case of the saustie liquers, ‘e aikali was Aswivalised with sulfurie
aoid and ashed, because the sodimm hydroxide Sended te volatise. The
ash wvas sssumed $0 Be sodium sulfate, in order that a correciton could
Do naie for the added weight.

6. Jonrelasile Sclids. This determination was sarried out on
shlopination liquoze enly. The same sample was used as descrided adeve
for ash. %he material, after drying oa the stesm dath {n s platiamm
dish, was weighed and reported as moavolstile solids.

ag. The lignin was presipi-
tated from solwtion with deasidine hydroehloride, which was prepared by
the nethod of Raseew and Kraft (42). In earrying out She precipitaties,
10 nl. of the bensidine solution (MO grams per liter) were added to 100
sl. of the l1iqwor. The solution was shaken, allowed %o stasd and co-
agulate, ommirifuged, filtered Ahreugh a Birech or smsll Blehmer fwmel
(equippel with twe fast filter papers tepped with s hardened one), and
finally washed fres of ehlorides (silver aitrste). The matertal was
allowed 80 dry in a vacwm desiceator, after ihich it vas pulverised.

& Bedueing Swgars. The filtrate from ike Vemsiding precipitate
was used for this determination. An atiempt was made te use the rav
1iquor bus the organic matter acted as a pretestive colleid which mede
£t difficult %o filser the cuprous oxide. The method chosen was essendi-
ally the one outlined in TAPPI Suggested Method O W03 em-37 for the
snalysis of sugars in waste sulfite ligquor. The exoess deusidine was
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precipitated by treating with § ¥ sulfurie acid. Fifty ml. of the solv-
Sion were Sreated with 2% ml. of Fehling solutions A aad B. The remaisder
of the prosedure was the seme as owSlined in the method.

9. Sulfatgs. Ome hundred ml. of She liquor were heated %0 deiling
and 25 ml. of 10 per cent darium chloride added. The mizture was allowed
%o digess for adows fiftess minwtes; then 1V was scoled and filtered oa
a Berlin No. 2 porous erwcidle. The precipitate was hested in s percelain
crecible with an asbestos riag and weighed as dariwm sulfate. Duplicate
samples vere fested in uch aase. In ope, hydrochleris acid was added
Yefors precipitation of the nuiﬁtn after l‘p“’xun ssch sample was Srested
with hydvechleris soid. %The addition before presipitation seened 40 have
80 effect, Wut the treatment after taniston ia Abe case of sample T3-35
caused a loss of adout YO per cems of the original weight. his vas dwe
S0 eolleidal organic matter presipitated with the bdarium sulfate; tharefore,
in eash case the ignited residus was given a hyiroohleric-acid treatment.

10. wwm_g_t_mm. Traasmission curves vere taken
oa the liguers wsing the Oeneral Fleotric recordiag spectirophotometer. The

abserption cell used was Bimer sad Amend ¥o. 31180, 30 ¥y 20 by 5 mm. fa-
side dimemsions, U-shaped, with & 1iquid thickness of 5 mm. Two matohed
oells were used with 4vo majched megnesium cardenate Dlecks, the eatire
systen glving very closs %0 100 per ceat transmission for dietilled water
over the YOO to 700 sillimioren wavelength range. In prectice the iastru-
ment operated at a reprodusidility of 20.2 per cent tranemission. Pre-
1inisary tests shoved that a pif above 1.5 had an isportant beariag ea the
traneniseion. In esch case the pN was adjusted detween 1.4 and 1.2 ¥y
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adding hydroohloric ssid and distilled water before the tranmsission

ourves vere taken.

LISE OF SANPLE NUMBERS USED IN TABLES, MFTRODS AND DISCUSSION

W
(2

3
| ‘»

(%)

(D
3 Y
Q)

Q)
Y
12
Qay
Qy

(13)

19
D

(The symdols apply not enly %o the pulps dut liquors,
1iquor residues, and 1igains from the pulpe).

€2 - Sulfite Pulp prepared under sonditions givea in Table 11

22-35 - Sulfite Pulp 72 chloriaated with 35 per cent of the Moe
ehlorine nwmber

!3-75- Seme as 2 Yut with 75 per cmd

£2.35-20 - Pulp T2-35 extrasted with 2 per ceat caustio at x* ¢.
as given in TaMle VIII

¥2-35-80 - Pulp 72-35 extracted same as ¥ exsept as &° C.
22.T5-20 = Pulp 72-T5 extrasted same as }

12-75-£0 = Pulp T2-75 extracted same as §

€3 -~ Sulfite Pulp prepared wader eonditions given in Tadle 12

2335 « Sulfite Pulp T3 chlerinatad vith 35 per cent of the Boe
shlorine number

T3.75 - Same as § except with 75 per cent
23-35-20 - Pulp 73-35 extracted same as }
¥3.35-30 - Pulp T3-35 extricted same as §
€3-T5-20 = Pulp 23-T5 extracted same as ¥
¥3-75-80 - Pulp T3-75 extracted same as 5

f3-Na - Alkall 1igain from Pulp 73 prepared as descrided uader
Bl of Part IV (Xxperimsntal Nethods)

€3-T5-Na - Alkali ligain from chlorinated Pulp 73, soluble ia
asotons, prepared as deserided wnder B-2 of Part 1V

£3-7%5-Na=D « Gane ss Sample ¥3-T5~Ka Dut seluble in dioxane
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(18) T3-NeOH-A - Nethanol lignin from Pulp ¥3 purified by presipite-
tion from water iAto methanel prepored as desorided
under P-1 Pars IV

(1) ?3-NeOH-B - Same as Ssmple TI-MeOH-A but methanel soluble and
precipitated from methanol iato ether

(20) ¥3-T5-UeOH - Nethanol ligain from chlorinated Pulp 23 prepared
as described wnder ¥-2 Part 1V

(2) 23-75-A - Methanol ligain from same pulp as Sample T3-T5-MeON

wat solubdle in a water-methanol mixture bDefore addi-
tion of HCl. Described under ¥-2 Part 1Y

. ABATION OF WILLSTA 1GMIN FOR 3

The enly Willstitter }inuo prepared vere f:on the original sul-
fite cooke, using Pulps T2 and 73.

Hydrogen chloride gas was prepared by dripping ooncmmiod sule-
furie actd into & mixture of scdium chloride and concentrated hydrochlorie
aoid. The gas was passed iato concentrated hydroshloric asid cooled fn
an 1oe Bath until the actd had a specific gravity of 1.224 at 0° O.

The erumpled pulp (25 per cent consistency) was alloved %o air dry
and then run through a 05sta Hall shredder. Fifty grams of the pulp
were treated with 1000 ml. of the supsrsaturated hydrochloric acid and
stirred for two hours at room temperaturs, diluted with 329 grems of
f{ce and kept ad room temperature for sighteen hours.

Ay the end of this period 325 ml. of water were added and the mix-
fure filtered on a Buchner fumnel (7 on.) on a layer of two fast filter
papers covered with an acid-hardened ons. The presipitats was washel
with 500 ml. of dilute hydrochloric .éu,(nu and 500 ml. of water. The
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residus was transferred to s Deaker, doiled with water, filtered, and
finally washed free of chleorides (silver aitrate test).

B P TI0N 308 1IN JOR

Xlason 1ignin was prepared from the two sulfite, the fowr ehlorin-
ated, and eight cawstic-extrasted pulps. The same general prosedure was
used in each case sad is essentially the same as Institute Method 428,
except that larger quantities of N’v wers used vhich made certain meodifi-

cations necessary,

An equivalent of adout fifty grams of oveadry pulp was allowed $e
dry overnight at 105° C. and then trested with 1000 ml. of T2 per cent
sulfuric neid previously cooled to 10° C. The mixture was stirred By
hand for about tem minutes ia oxder %o moisten the pulp. It was then
stirred with a motor for Ahres and one-half hours, after which 2750 greme
of distilled water and ice were added. The material was contrifuged aad
fiaally filtered through a Bichner fuanel equipped with two fast filter
papers tepped with a hardened one. The lignims were then boiled with
fresh 3 per cent sulfurio acid for fowr hours, and again centrifuged,
and flltered. |

The filtrate in every case was slighily cloudy; therefore, it was
bot;od with 2 per ceat sodius sulfats for two hours, eamnirifuged, filtered,
She presipitate added to the original ligmin, and the eatire mase washed
free of acid (litsus). In the preparations of lignia from the chlorinated
pulps of 73, the material could no$ be wvashed completely free of acidy
washing was eontinued until a pH of 4 to 5 (red-violet color with Conge

7ed paper) was reached.



Diasomethane nethylations were oarriel eut on five diffevend Sanp) 09
3-lia, T3=-T5ula, TI=THmlle0H, T3-NeOH-A, and 23 gON-B

One gram of the material was euspended or dissolved in 15 =l. of
the solvent used for the last purifiestien as dssorided wader ¥ aad 7
of Part IV (Ixperinental Nethods and Results). Whe dlascmethane forued
ww-mdwﬂ.#ﬂ;ﬁdmhlo(ﬁno of sodiwm i 100
al. of giyoel) oo 5 nl. of Altrosomethyiurerhen vos WhMled Shrough Vhe
1igain selutien oF suspensisn for a peried of ene hour, using s stress
of purified nitrogen gas.

In all cases the lignin Besame l1ighter in Oolor, floeculated, pre~
olpitated 4 1n solution, and a considersble ovolution of nitrogen wee
noticed. The supernataat 1iquid was yellew is ooler in the anse of every
1igain Yut Sample T3-THeMe0H, indicating that some materisl was sclwdle
ia the solvent.

A part of mmgm&utm renoved and purified for o
nothoxy) determimation. The @10 was added %o adsoclute other with
vigerous stirring, washed twise with adsolute ether, twice with petrelewm
othey, and Md:h & vaswm desicoater over sulfurie asid.

A sevend nethylation was oarried out on eaod sample, using 2 ml.
of nitrescmethylurethon and b ml. of sodiwms glyoolate. Ia mo case &ld
the methoxyl sontent issrease more tham 0.38 per omt} thus, the methyle-
tions ware considered complete.



& ACEETLARION OF LIGN[N

Metylation sxperinents were sarried out ox the five samples listed
wader 7 abeve. Half-gran sanples of the produchs were added %o 10 al. of
prridine and water addeld wntil the material dissclved. In ensh case net
more then esight drveps of water vere adldel, exsept for Sample T3-T-la, ia
which £¢ wvas necessary %0 use 1 nl. of wvater aad 1 ml. of acetone for
selutien. The dissolved materisl was added siewly with vigorews stirring
to & mixture of 15 ml. of pyridine sad acetis sahyiride (20 ml. of asetis
sahyiride were used for Sample T3-T5-Na %o allow for the excess water).
The solutions were alloved to stand evarnight.

The acetylated prodwstis of the alkali ligains vers centrifuged, sea-
sentrated wder redused pressure (40 to 50° O.) te sbeut 10 ml., preeipi-
'mu with adsolute sther vith vigorews sSirriag, washed fwise with ad-
selute ether, onte with petrelewn ether, allowed to stand overaight with
fresh petroleum efher, washed twice mere with petrolemm ether, dried
wder vasumm over sulfurie esid, and finally ia an Aummui drier
for forty-eight heure with postassimm Wisulfite snd phosphoreus pentoxide.

Sample T3-MeOB-A gelled and oould not be sentrifuged or sonceatrated.
It was added to ether and treated the same as the alkali lignine Gessrided
adove. ' |

The two methanol samples M & very mmall Quantity of gelled material.
They vere conceatrated wider redused pressure to sdewt 15 ml., presipitated,
vashed, and dried, in She same wvay as the alkall ligains.
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and 1.20 per oent mﬁuﬁ sulfwr “uuo. was addet metl the liquer
16vel was 1 insh delow the top flangs. The Palurese fedate method (M)
~ was used for Sesting the aoid conomtrasion.

Mtor aharging the digester with chips et s01d, the cever was
£141ed with tws pulp gaskets and u_xm’ on, the oirculating pump wes
started, and the stemm valve was opened. The cesks were sarried out ap
indieated ia Table III. |

ANL3 112
_GOOKING CONDITIONS OF SWLFITS PULPS

Cook » ° on
Digester »
fotal 80, (f) 622 6.22
Tree %0, () 5+00 5.00
Combined 850, (%) .22 1.22
Liters of Aeid 2 2%

Veight of Weod (o. D.) (u. 6.30 5.80
Tine to 10° 0. (hr.)* |
Time from 110 to 135° 0. (hr,)®
Tine at 135° C. (hr.) |
Total Pime of Gook (o)
Kaxiwom m.me‘u.lu. ')

*The temperature riss was um

O & w w own
A o » w
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During the ast half-heur of the sook, the pressure was relieved
% 50 powmds. At “‘(“‘ mmm stepped, and the Gesk was Mlown
(ate & Mowpit, sonsisting of e7lintrical § by M-foet vertical tesks
moza-m mﬁmﬁua«l ml»dvuhouhhlm sheel screen
 plate false betion, and & B-1aeh draia valve. The Mewplt eever ves
oquipped with an S-inch vent stack $¢ allow fwmes %0 sscape. After
Slowing, the remainiag steck was vashed iato the dlowpit with hed weler
and 1hs 1iquor drsined off. The pit was fSlled with hot water, asd the.
stonk was stirved for tm“u nizutes as 128 pevolutions per ninute
vith & pulp dteintegrator. The water was drained off, the blewpls filled
again, and the sentents stirred for five miwutes. The stirriag was re-
peated ence meve and the pit was finally filled with ntu; and allewed
-~ %0 drain evernight 2y oracking the ﬂn slightly. A muslia sask was
Plased over the Dlewpit valve ‘u s eleth-soversd screen was pl&.( wier
~ the valve %0 oatch any finss. |

The pulp was sovesned through s sewieownereial Appleten Irom Yorks
soves With @ 10 eut plate. The stde hil) sereen vas §0 mesh, sad the
wire bYelev this ssresn was 100 me¢h copper vire. In Beth casen the pulpe
were chim thorafere the sevsenings ware plased in a S-pownd Dilts baster
and slushed for fifteen nisstes vith the roll five yewnds M- ‘Iho‘ wisd-
ing peint. The slushed pulp was soreened and the slushiag repeated tviee
mrs for fiftem-nimuts intervale. The M pulp vas theronghly
nixed, pressed in o cuor proess te a coasistency of ﬂn\ 25 por censd,
broken ints suall ytcuq. thnuhly -uuﬂ. and stored u S-gallen glass
dars. The total umm iolﬁsﬁo ;oh:hn tests were taken for yield
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deteornination. The fimal ssresaings, \he fines passing Shrengh the side
Rill serean, au \he dregs from the Wowpit were aried, ni“.
divoanded.

The dats on the ylalds, the eharscteristies of \he yulpe, snd the
asalyses of the 1igains are givem in Table IV.

Touwr aifferent chlorinatisn experiments were sarried out for \he
firet part of the investigation. Pulps 72 and ¥3 were ehlevinated with
35 and 75 per semt of the chlorine requireneat as indtaated Wy the Mes
shlorine swabder.

 In earrying owh a chlerimatien, the pulp (25 per cent eomsistensy)
vas d11uted %o & 3 per sent consiotensy and mired vith a Lightafa’ mise
for teemty sixutes. Tmeugh valer was filtered off so that, after the
alddition of Ahe ehlerine water, the consistiensy was thres per sems.

he chlorinstions were made with fresh chlorine water (5.5 %o 6.9
grams per 1iter 6s given by the thicsulfate-potassium iodide sitratien)
which was pnpurd the day of musumn. he mtim were sarriet
- out in & 2B-Ater reunt Dottem flask FAvted. with o Reroury sea) for the
o¥irrer aad held wolidly 13 & VWb soataining water ot 2002° 0. A
varisile epest 1/12-h.p. moter vas mouated over the flask and seuippel
with a stainless steel stirrer. An inlet tube M resshed bolow the
ply Msu was used for adding ehlorine nt«. An outlet Sube passing
Shrough & sodlem thiosulfate abserptica flask vas ltot e oollest any

cnntn o pulh: W
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TANLE IV
SWrITE PWRPS

- Data on Tielde

Veod Oooked (0. 9.) (g.)

Soreened Palp (0. D.) (g.)

Pines snd Scresings (0. D.) (g.)
Total Yield of mp (%)

Oharasteristios

Pernanganate Nwader

Ree Chiorine Fumber

APP] Chlorine Goasumption
Ligain (5)

e ()

Nethoxyl (%)

Ash (%)

Analyses of Lignins

6300.0
2921.0
196.0
¥.5

20.90
5.90
2,86
3.85
0.32
0. 7h
o.h2

63.6

k7.80 |
19.61
.8

. 19.18 :

0.86

2.78
1.06

(The walfur and nethoxyl ars carrected $0 ash-free \nu)

8 in Xiason Ligais m

MeO in Klasem Lignia ($)

Ash 1n Xlason Ligetn (§) -

S ta 7122 0s8Vter Ligata (§)
MeO ia Willstdtter Ligain (%)

" Asa 1a Vidissdtrer Sigata ()

¥.51
11.71
: O.Q 5

4.83

11.97
0.33

479
13.27
0.2
485
13.07
0.19
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Por She axperimentn with 75 per seat shlorine requiremeat the flask was
also equinped with another inlet and eutlet twde whish afforded fewr-
uinute interval sampling for yil resording o o OCameron ressrdiag meter.*
This sampling was scoemplishel by waing & three-wsy stopoosk, a reserveir
(100 mi. MQy). and air pressure. This nﬂiol vas used sc Shat small
1iquor ssmples could be Saken out at intervals and returned in order What
the sonsistensy :NM the same. |

The ceaditiens of shierination are given in Zadle V.

TANLE ¥
QONDITIONS OF CELORINATION

relp | T35 275 M3 BT
Pulp Used (0. D) (g.) 600 600 oo 600
Total Liters of Vater Used 17.% 17.% 11 o 17.%
Required Chlerine Added (%) 35 > 3% ™
Total Grams of Chlorise Mted 128  26.6  WM.2 ss.2
Tine for uuu Wlerine (aif) T 16 s .3
fine for Ohlorine Rwhaustion 50 0 i 2%0
(min.) PR - . ,

The chlerine water was siphioned into ‘he mixture and the mass stirred
«xcept during the Vime of sumpling for pi.  ®he mixing action was Shoreugh,
the pulp passing down along the shafd and up along tbo sides of the flask.
e chlorMiom wers Saken te exhaustion of the free chlorine (stareh

fodide paper test).

SXindly furnished by the Vilkems-Andersen Company
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PANLE VI
ONLORIEATED PULPD
Data on m;u-
r2-3% 7?1 3-3% -5
Pulp Ohlorizated (0. D.) (@) - 600 600 600 600
ralp Yiedd (0. D.) (g.) 588.6 %86.1 N85 518.1
Tie1d ($) | 98.1 97.7 R 6.3

Ohlerine Reasting ( grams sddod-- 12.4 26.4 M.2 ‘109
grams in trap® “o)

Oharacteristios
Permanganate Fuwmbder 12,1 6.7 29.0 a.0
Roe Chlorine Numder 3.08 2.32 10.72 6.08
Wgain ($) . 8.0% 1.3% 8.88 R
Sulfer (§) 0.17 0.10 0.53 0.h2
Ohlortns (5) 0% 047  0.6%  0.67
Methoxyl ($) 0.57 0.29 1.66 0.99

Ash (£) 0.33 0.22 0.92 0.64

Analyses of Xlason Ligains |
(The values for sulfur, chlerine, and methoxyl are corrected $o ash-free desis)

sulfur (£) e am 3.0 2.10
Chlerine ($) 2.46 6.02 h.62 %.97
Methexyl (f) 9.31 646  10.63  6.u8
Ash (%) 2.29 0.32 0.99 0.38

*Yor the 35 per cent dleashes the chlorine ia the trap was aegligidde, for
Pulp 22-75, 0.2 grams, and for Pulp 73-75, 0.3 gremes.
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TARLS VII

ORLORINATION LIQUORS

Analyses of Liguore
(A1) the values siven refer %o grams in tedal volume of liqwer)
| 235 -7 3-35 -5
pi of Liqwr 2.0} | 1.72 1.50 1.32

Selids, after Newtralisation ag,‘é 54,50 86.60 156.00
(Corrented for Alimli Added) (g.)

‘Selide, v:ma.;«udim:n (e)20.7 314 6 93.1
Aok (g.) 3 5.3 5.7 1.8
Sulfur as Sulfate (g.) 0.4 060 037 0.3
Potal Sulfur (g.) 0.9 1.58 2.10 3.30
Retwoing Sugars as Olwsess (g.) 1.0 1.9 1.8 5.9
Total Ghlerine (g.) 1.2 4.2 5.7 7

Sontsedle Ghlerine (AgOy 718.)(g.) 9.6 Db Y2 66l
Pree W1 (aOR Cond. 71%.) (g.)  T.2 17.6 24.9 59.7

Ohlerine as KOL (Same as adove Vet 7.0 17.1 oh,2 58.0
sslonlated %0 01) (g.)

Ligain as Determined by Bansidine 9.5 15.0 3.0 %0.0
precipisation (g.) _

Analyses on Beasidine Lignine

(The values for sulfur, chlorims, and nethexyl are cerrectied to ash-and
vensiding-free Pasis)

sulfur (%) o 3.88 3.h2 3.%9 2.65
Chlerine ($) W2 AW 1379 19.83
Methoxyl ($) B U X SR XTI
Xtroge () | | 1.7 1.7 1.8 1.8

| Ash (%) 0.9 0.%2 0.3 0.29
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hpdrochleric acid, Sreated with bensidine, and the lignin isolated as

desorided in C-7.

The analytioal resulte on the residues and the densidine lignins

fron the mtté—\r«_nd' residues ave dwn ia Tabdle VIi.

- SABLE VI3

* . ERESEOWRS FRON mmm LIQAS

~ Analyses of Residues

7-35
suitwr ($) | .52
Gulorine (f) 2.15
Nethoxy) ($) | 2.%
Ak (£) - | 1.6

Tield of Demsidine Lignin () 38.0

©?1s I 78
h.98 }.“ 3.9
19.53 an6é  ;ae
153 372 1%
11.08% 8.19 1.96
1% S X S 1 X

Analyses of Bemsidine Ligaias from Cawstie-Treatsd Rasidues
(Values for sulfwr, shlerine and methexyl arve sorrested %o ash-ead

bSensidine-free dasts)

suifer (§) 3.8
_oxlerine (f) 1308
Nethexyi (%) b.22
Btrogm (f) | 1.7

ash () 0.37

2.9 3.5 2.50
1h.69 13.: 17.2%
263 sa1 ase
1.3 .6 1.3

0.98 0.26 0.52



Caustis extraotions were sade on each of the chlorinated pulpse, des-
orived uader B abeve, at 20° 0. and 80° 0. The cenditions shoses for ex-
traction are givea in Tadle IX. The differences in oensistencies and eon-
seatrations were dni to changes of moisture content i the pulps.

The sxtractions vers made in l-gallen dottles, which néc kept ia
the bath at the desired temperature for forty-five mismates. The centeats
were stirred by hand intermitteatly vith a large glase red. At the end
of the zeastion perfod the pﬂpﬂ vere filtered on & large Madaer fennel
" and pressed, using a mlh cloth previocusly washed with 2 per eent caustic
sodn. The liquers vu-o uuooto‘ m- mlnu.

e mpn vere washed thorenghly oa a eleih-cevered dox with water
at the same temperature as that wsed for extraction, pressed, crumpled,
and stored in Mason fruit Jars.

In mA 80° C. extractiens, the pulps (25 per cent sonsisteney) vere
beated ia & closed Wottle ia a water Dath at 50° C. and then treated With
the desired ameunt of het eaustic solutisa. The aotual Saperaturs of
the stoock was TS %0 71" 6.

The dats u the yialds, the sharacteristics of the extrasted pulps,
and the analyses of the ligains from the extrasted pulps sre gives in
fable X. The resulis oan the liquors and of the densidine ligaine from
these 1igquors appear in Tadle X1.
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hn apparatus used for the detection of earbon dioxide evolutien en
ehlorination of the sulfite pulpe is shewn in Figure 9.

Nitrogem gas vas washed fres of cardon diexide By passing through
pellet caustio seda and finmally through a 50 per aemt solution of cametic.
The nitrogem passed into the reaction flask and the carben diexide evelved
were swept threwgh the apparstus te the Assarite tude where it was absorded.
Any shlorine Shat came off vas asught in the potassium fodfde-red phes-
phorus tap. The gases were dried Wy passiag through a wash Bettle of
ooncentrated sulfuric a0id and finally through pewdsred phospherus pent-
exide. The cardon dlexide was colleocted iz an Ascarite tube squipped wish

groumd glass uuml and welghed.

h erder to m the assurasy of the uﬂhod. cardon dloxide deter-
ninations wvere carried nl in dupuun runs using pure scdium sardenate
(99.92 per oend pure); the yid“ !n mh case wers 100.8 per cent, in-
dicasing that the method was suitadle for the purpose at hand.

In carrying oud a determination, an squivalent of 5 m of pulp
(25 per cent sonsistensy) was added to 200 ml. of water, Sheroughly dis-
integrated with a stirrer, heated t0 boliliang to drive off any carden
dioxide present, and then placed in she reastiosn flask. The final sharge
after adding the ehlorine water was 4§50 grems (1.11 per cent consistensy).
A water bath at 50° C. was placed areund She reaction flask aad the mixture
stirred for tem mimutes with nitrogen gas passing threugh tho. system (adout
one Mumdred duddles per mimute). The Assarite tude was them atiached and
the ulnhﬁl anownt of chlerine water added.
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The run vas coatinued for one heur, afier which ihe nitrogen gos and
stirver were turned off and fhe Ascarite tude detached. The tude was
allewed 10 set for twenty minutes defers weighing. Two runs vere msde
sa Pulp T3, using 65 per seat of the Roe chlorine sumder with nitregem
ta one case and aly in the other. The weighie indieated that alr vas 3
as good as nityegem} Sherefors, alr ves wasd in sudsequamt rune.

The mount of carden dioxide evelved an inmnau of the pulpe
seomed nagligidle (1 to 2 mg. for 5 grams of pulp); Dence tests were them
carried out on the isolated ltph. One rwma was .uo. um_;x.o gren of
purified dioxsme 1lignin vith 1.0 gram of mum. the yield of m:
dioxide deing 3.0 »r ceat. - oﬁw rens were nade using Mﬂd
oalcimm lignisulfenate and an equal amowmt of mm:.. Ia ene vase 4.2%
grams of purified cotton lhton weze mixed with tho 1ignin 40 see if ibo
fmﬂ retained sarbon M.oxih- m 7“1& vithous the lhtm was 1.97
por cent and the ons with the linters 1.81 pe® cent.

%o ses 1f mere carbon 1exids was evolved Wem higher perceniages
of the ehlorine requirensnt were used, a series of rwns were uﬁa with
varying psroentages of the chlerine demand. Tadle XII gives the average
ailligrans of carves dioxide oMiained from 5 grems of pulp for st least
Swo runs with each peroentage of the Mee chlorine aumber used.

TARLS X13
CARBON DIOXIDE EVGLUPION ON OHLORINAZION

Chlorise Demand Used (§) B0 60 8 100 120  1h0
00, Drelved Frem %2 (ng.) 0.9 1.3 21 13 1T 1.9



1. mugggm Pulp 3. The alkali ligain fream Pulp 73
| (Semple 23-Ma) and from $%s omuuld pulp (Sample T3-75-Na) were
prepared wder identioal conditions (preparation desarided wmder B-2).
s was uhunl vy waing aa auteclave in which fewr iren Beskers could
‘% plasel. In this vay the ts cecks vars carvied out at the same Vime.

, NMmmtumuMundmm-tmmo!m-
dry pulp, 20 groms of uu- wuu. oad Wul. of vater. The pulp
uumrmmuumtmommm.mmunmmm
vuhmtullm:ormmnmﬁuudlorumua”ut
‘:m.hmmumxwaummum.mxu.upmun.
wax bath vhich vas heated o 100° 0. The temperatwre of the cock vas
token By mesns of & thermemater faserted in & well in the swteclave.
The twmperature reached 160° G. h sne hour, Whan the pressure was re-
Leved tatil stesm Vogan 1o exhanst. Aftar ome hur of hesting ot 160° 0.
the sxtoelave vea takem ond of the Bath, the presswre relieved in tes
nisxtes, aad the pulp removed. |

The yulp vas filtered on a Blebner fonnel and the Liqwer sellested.
he pulp vas them washed with & 11%er of water, immersed fa vater, and
alleved 4o stand over the veskend. This wash water was filtered off,
and the pilp extracted vith fresh water in a Soxhlet extscter watil
the liquid wae olear and shovwed no alkaliaity. The pulp was pressed te
.'25 par cent aonsistemcy snd stored in & glass Jar. Tha yield of puly
was 70.6 grams with a ligain miqt of 6.T] per semt.
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The filtrate and washings from the aook were concentrated under re-
duoed preseure (50° C.) %¢ a final volume of about 40O ml. Oarden di-
oxide (made from hydrechleric acld and mardle chips) was passed through
a sodium dicarbonate wash bottle and Dudbled imto the solution during

the vacuum distillation t¢ prevent oxidation of the organic matter.

An exoess of comoemtrated hydrochleris acid vas added te the eon-
osatrated 11quer wheredy a part of the ligaia vas preoipitated. The
mizture vas them placed ia & sellophane bag sod dislysed. Disdilled
vater was passed on the eoutside of the bVag at the rate of adout 2 liters
per hour while the -wmu was stirred -un a motor. At aight the ma-
Serial was allowed 30 stand withous stirring or water change. ?This
dlalysis was carried out for four days at the end of which time the water
on the outside of the bag showed no test for chloride or sulfate after
standing overnight.

¥ith the remeval of the electrolytes, the lignin solution Besame

eolleidal. To fsolate it, the solitloa vas consentrated under reduced
pressure and the water replaced by repeated additions of dioxane, The
diexane~insoludble nortiea (0.50 grams) was centrifuged off and the lignin
pnclpﬁ.toa ¥y dropping the dioxane selution into absolute ether with
vigorous stirring. The ligain separated ous ia yellow gramular particles.
!hh was wvashed twice with ether and twice with petroleum ether and dried
in a vaouum desiccator over sulfuris acid. The yield of lignin was 9.27

arane.

In order to purify the lignia further, N.27 grams were redisselved
in dioxane containing a 1ittle water, precipitated again with ether, and
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washed as desorided adova. The yield was }.98 grams.

One grem of the lignin was meibylated twice vith diasomethans in &
suspension of methyl aloohol as desoribed under ¥ of Part III. The methoxyl
content inereased from 12.91 to0 17.68 per cent with one methylation and
%0 17.75 psy cenl after the second methylation.

A sample {0.66 gram) of the lignin was dissolved in 10 ml. of pyridise
and four drops of water and scetylated as desorided under ¥ of Part I1I.
The yield of acetylated lignin was 0.70 gram. |

he results of the analyses on the original, asetylated, and methylated
ligains are given in Tadle XIII.

2. Alkall Ligpats from Ohlewinsted Pulp 73. An equivalent of 300 grams
of ovendry mulfite Puly 73 (2% per oemt consistency) was disintegrated at

slightly less than three per cent consistenoy iz s 5-gallon erosk. Ineugh
ehlorine water (5.79 grams per 1iter) vas added to carry out the ochlorins~
$ien with 7% per cent of the Roe chlorine requirement at 3 m cent COR-
sistency (54,12 grams of chlerime).

The operation was garried out ia sm open srodk &% roea Sewperature
(27° 6.) for 210 mimutes o chlorine exhaustion (etarch fodide test paper).

The pulp was washed theroughly with water oz a cloth-sovered dox wmtil
fres from acid, pressed ia a sider press to approximately 2% per cend con-
sistency, and stored in a l-gallon Jjar. The yield of pulp was 257 grame

or §5.8 per cent.

One hundred grams of the chlorizmated pulp were cooked at the same Sime
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Nethylated
Acetylated
T3 Tl
Nethylated
Asetylated
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Nethylated
Acetylated
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Notkylated
Asetyiated
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TABLE XIIZ

AEALYSES OF ALXALL AND METHANOL LIGKINS

5

2.37
2.18

2.12
2.36
2.87
2.63
1.6
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3J.88 .
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3460

349
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.51
2.19
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2,00
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13.86
13.62
13.%0

Hed
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12.91
11.7%
10.5
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14,57
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1.95

14.N7

19.72
u.Ss
12.02
3. 89
9.95
8.8
10.27
6.58
3.2

AsQ
$
—n
PP

19.5

L]

CPEDER

17.0

Ash
$

336

2.23
2.0%
8,37
N.32
3.82

 Boes

5.2

5.65
T.12
7.19
7.03
T.83
T.27
5.12
12.12
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and wnder identical cenditions as Pulp T3 which vas desorided wader 3-1.
The yleld of pulp was 9.1 grams with & lignin content of 2.11 per ommi.

The method of purification of the lignin was the same as for Pulp
3 with the exceptien that all the material aftar soncentration wader
redused pressure was nod soludle in dioxane. The inescluble part was
cent rifuged off and the lignia precipitated By drepping the diozane solwe-
Sioa into ether and washing as descrided under FPulp 73 (destigrated as
23.T5-Na-D). %The yiecld was 0.52 gram of a light-browmm lignin. The
analyses are givem in Table XI1l.

The dlexane-insoluble portion was disselved ia asetone containing
a fow drops of water. Yhe aceltons-watereingeludls residue of 0.21 grem
was removed by centrifuging, and the filtered solution was poured iate
other. The precipitate vas wvashed with ether, petrolemm osther, and
dried se desorided Alon. The yield of a dark-drowa lignin was 3.1P

grems.

In order to purify the sostone-vater-soluwdle lignin further, 2.62
grans wers dissolved in acetone amd ter, seatrifuged, filtered, preo-
sipitated with dry ether, and washed as previeusly deserived. The yield
wvas 2.19 grams.

Ons gram of the material was wethylated i a suspension of acetens
(purified over potassiwm permanganate) as desorided wnder B of Pars 1II.
On the first methylation, the methoxyl conteat increased from T.74 to
18.50 per cent, and - Ahe secend %o 18,57,
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A sample (0.%6 gram) of the origiaal lignin was dissclived ta 10
nl. of pyridine, 1 nl. water, and 1 ml. of purified asetone and asety-
1ated as deserided under T of Part I13. The yleld of acetylated lignia

was 005‘ e,

The results of the analyses en the original, methylated, and asetylated
ligains are given in Table XIII.

M OF UETRANO!

| ¥ethenel Lisnin from Pulp 3. PFer the preparation of methanol
1igain 18 s nessssary %6 remove all water frem the pulp if possidle witheut

drying i8. Tals was sehieved by the follewiag procedure. An equivalemt
of 100 grams of evemdry puly (25 per ceat consisteney) was Sriturated
Awice vith anhydrous methanol which was then filtsred off. The pulp was
plased in & Soxhlet extrsoter and extracted twice with abdsolute methanol
for twelve-hewr intarvals. Fresh msthamol was thea used and lime added
%0 the flask %o retain the last traces of water. This extraction was eem~
tlndbhr another eight heurs.

The pulp thus prepared was refluzed for twelve hours in a 2-liter
mﬂ glase mak Qll 'Y mm uu nth aoo al. of anhydyous methanol oon~
uum 2 per un Wocnl ancruu. ho aloohel solution was filtered
off, ﬂll :mlp tm-tmu te s loxlllﬂ axtraotor and extracted with abeo-
1ute nethansl m» o!‘ﬁ houre. nu yisld of pulp after extrastiica was
93.5 grams with & lignin content of 9.52 per cent. The ligain sontemt
Yefore extraction was 15.161;;1: oent.
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The aethanel extract gontaining the nethanel lignin was consentrated
wmiber rednced pressure and any water present was remsved by distillation
with three 2-al. :“,:‘m":a. of dlexsne. The residual preduct was diaselved
i 40 nl. of a mixture of methanol and dioxzane, the ligaia fsclated ¥y

preaipitation with dry ether, and washings made as deserided wder B-1.
The yield was 6.0 grams of a cream-eclored ligain.

" fhe dried material sould set he redissclved is methasol or dfoxane
Wt was soluble in water. A water selution was prepared asd the lignin
preoSpitated with shsolute methanol (designated as T3-Me0E-A). The latter
was washod twice with ether, twice with petroleum ether, and dried in a
VAOUYN AR prnﬂouily desorided. The yield was 2.05 grams of a bdrown
1ignin having a purple cast.

A sample (1 gram) of the ligain was suspended in adsolute methyl
aleohol w& znethylated as dsserided wnder B of Part Il!; On the fires
uthyhtiu the nethoxyl content increased from _l.h.h‘] %0 19.79 per sent
and 414 not change afier a sscond methylation.

A sample of the original unmethylated ligain (0.h6 gram) was dts-
selved in 10 ml. of pyridine containiag two drops af watsr sad acetyiabed
as desarided under ¥ of Part Il1. The yield of asetylated lignin was
0.37 gram.

The results bi" the analyses of the oﬂgiul. methylated, and sceiylat-
ok 1ignins ave givea in Padle XIII. '

The squesus meidsiasl mether 1iguer frem the precipitation of Semple
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PT3-Me0B-A Was concentrated wder reduced wum; dlssolved in metbanel-
dioxane, and reprevipiated with ether as previowsly dessrived (designatod
68 TIMe0B-2). The yileld was 2.41 grems of a sresm-solered produsi.

A l-grem ssmple was methylated in adesluts methyl aleehel. ¥he
nethoxyl contemt inoreased frem 12.02 te 14.TH per cemt and them to ,,
18.89 per cant after remethylation.

The ssetylation was sarried sut by dissslving 0.47 gram of the origin-
al 1igaia in 10 ml. of pyridine sad eight drops of water. The yleld of the
asetylated predust vas O.U8 gram. '

The results of the analyses on the original, methylated, and acetylat-
od ligning are given in Tadle XIII. '

13. An equivalend of 72.6

grams of evendry chlerisated Puly 73 (25 per ommt consistenay), prepared
as desorided wnder B-2, vas given the same methanel treatments as das- ‘

erided undey F=l. The yield of pulp was 68.0 grams vith a lignin eontent
of 3.62 per ceat. The yield of a light-yellovw liguin was 3.50 grems.

T™he dried ligain was inscludle ia dioxane, methanol, and water, or
say mixture of the three. Pimally 2.7% grams of ke material wvas dis-
sslved in acetone oontaining a fev drops of water, presipitated by peuring
into shher, amd 'uhod as previeusly desoridved. ﬂx‘ ﬂold vas 2.11 graas.

A legrem sample was sethylated in a suspemsion of purified asetons.
The nethexyl contemt increased trei §.51 0 9.59 and them %o 10.27 per
sent on remethylation. |
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fhe acetylation was carrisd out by dissolving O.46 gram of the
original 1ignin ia 10 ml. of pyridine and four drops of water. The
yield of the acstylated product was 0.38 gram.

| The resilts of the analywes on the original, m thylated, and o~
cetylated ssmples are givem in Table XIIl.

he water~nethanc) solution obtained from the debydration of the
pulp was a yellow solory 4% vas concentrated wnder reduced pressure,
the water ramoved Wy rapeated distillation with dioxane, and the ligin
precipitated by dropping 1t inte ether (designated as ?3-T3-4). The
product thus obtained from 65.5 grams of chlorinated pulp welghed 1.17
grams snd was oresm oolored. The amalyses oa this predust are given in
Table XIII,
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V. DISCUSSION OF NXPERDMNNEAL NESULES

7
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TABLE XY

BALANCE OF SOLID PRODUCYS IN CHLORINATION LIQUORS

| \ r2-35
(1) Selids in Liquer (Item 5, Tabdle XIV)
(") 290‘
(2) Solids 1a Liguor Without Neutrali-
~ sation (g.) , 2.7
' (3) B0 vy Difference (1 - 2) (g.) 8.9
(M) 501 (Comductometrie Titration) (g.) 1.2
(5) Ash o2 2 (g.) , 3
(6) Ligatn huna from Pulp in Ohlartn- ,
tion (600 x ¥ Lignin) ~ (Yield x 5 11.0
Ligata) (g.)
(1) Reduweing Sugars as Gluwdose (g.) 1.0
(8) hlerine Organteally Combined (Total
mnﬂn. « Chlerins as RC1) (;-) . h.2
(sim.t Items h, 5, 6, Tond 8 2.5

12-T3
54.5

37.1
17.4
17.6

5.3

15.2

1.9 |

T3
§7.1

2335
86.6
62.3
2h.3
a.9

5.7

h2.2
1.8

11.5
86.1

3-75
156.0

933
62.9

397
1.8

6.7

5.9

19.)

155.2

velatfle uurm. u tlu moﬂunn liguor besides water is hyirogen

‘shleride. In consideration of the large amewnt of 1quor (17.% 1iters)

used, the shecks are quite satisfaotory, partioularly for m,. ra-7%

and 23-35.

Item 9 represents the sum of the individual solid componeats of

the liqwor as determined Q#pcrimtnly (Isems b, 5, 6, 7 nl 8). M™ie

sea ahould equal the solid components of the liquor (Item 1) as deter-

sined by evaporation after neutralisation and correction fer sdded sodium

hydrozide. This is appreximately twice in the case of Pulps 73-35 and
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73.75. The inoreasiag conceniPations of hydrochlerie asid with the &n-
creasing amount of chlerine used aleo tends t0 remove mere ash from the
pulps as shown in Item 5 (go¢ Tables IV and VI).

2. Qawiyis Extrgotipn. Several theories have beea made concerniag
the advantages of caustic extraction of chlorimated pulps, and ad Shis
peins it soems logleal to disowss the smount and type of materials re-
moved in this operation. Im Table XVI a material balance and in Tabdle
X¥Il a balamce of the liguwer solids are given. %he dats are takem frem
Tadles X and XI.

From sn inspastion of Tadle XVI, the material balances are sem o
e fairly geed for this operation, considering She type sad quantity of
saterials ensountered} hovever, the inascuracies of the differeat analyses
(particularly the pulp yielda) make i3 impossidle o drav any definite
conglusions regardiag the type of material removed from the pulps on
canstic extraction. The data .for Pulps 22-35 and T3-75 indicate that
the lignin removal is only a small part of the loss ia the pulp, Wut
in Pulps T2=75 and ¥3-35 the ligain removal represents practically the
complete loss i the pulp. WVhen the reducing uim- are compared with
fhe lignin removed frem the pulp (Tadle XVII), the sugars can Do seen
%o be from 3 %0 50 per cent as great as the ligaia removed. Thus, these
results tend %o indicate that the lignin removal is still soastderedly
greater than that of the redweing sugars.

The inorease in the ash centeat of the pulps on extraciion with
osustic seda is net very great (Item 10 of Zadle XVI). This imsrease
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is due te adsorption of caustic soda on the pulp. Inasaswch as all the
snalysical data are based on the ash-fres dasis, it was considered wn-
necessary to wash the pulp with dilute asid.

Another iateresting ftem is the relatively small aneunis of aaterials
removed frem the pulps on sxtrsction. I3 1s often s8ated that most of
the ohlerinated 1igain is remeved caly by the extractios process, but
chhrlution iteelf, as indiceted here, removes considerably mere. For
Mp.faw3§,th£- wrlr-q” is aid.mblo. In the case of Puly 1275 the
less on chlorination 1s 2.6 per cent but the fellowing caustic extraction
Femoved only 0.5 per cend. W1tk & harder yulp, such as T3, the differ-
““r.' -ﬁi 35 ‘pfn’cét 'cnmm 1- used, are 5.6 and 3.5 per cent, re-
spectivelyr for Pulp ”"75' 13.5 per cens i¢ remeved on chlerisation,
ves enly 3 per ceat on extrastien. These results indicate ales that a
hydrolytio astion Sakes place on cardebyirste material in the chlerisetiea
preceas. Yhe greater difference ia yields for the TJ per ceat over the
35 per cent Dleaches indicates that the greater the degres chlerisatios,
the groater the peroentage of material remeved in the qurmstou proc@o
alone, dut, ia the alkalt mmtm. the answmts removed ore almost the

3. ONLORINE BALANCE ON GHLORINARION AND XXYRACTION CF PULPS

1. Ohlorimmtiep. Another point often brought up in regard to chler-
ination conscerns the quantisy of m"'ohiorh 2034 formed vhem pulps ave |
chlerinated. There apparently has bees 2o published information rmuh(
he dhtrihuoi of the remaining part of the chlorime, except that 14
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is sonsidered o be chlorine organically eomdined. In order to odiain
some information in this regard, a chlerime dalance for the chloriaation

experinsate vas nade (ges Table XVIII).

The results show that ssst of the ehleriae consumed (E7 %o 92 per
eeat) is fomnd e be pressnt im the waste bleaching liquor and that frea
86 to 66 per cent s found s hydrochleric soid. The latter values are
in sevord with thoss reported by Rys (2)) sad Rauchberg (22), whe found
\hat 5H te 70 per cent of the ehlorine added 1s coaverted 1nto hydreshlerie
acid. The data further shav, as ¢an de seen from Items ) and 6 in Tadle
IVIIL, that the formatica of hydrechloris acld facreases mors rapidly vith
Algher peroentages of shlerine \han the asount of chlorine conswned.

fines the pulpc havs a consideradly lower anorm content than they
nmu 50 accownt for the remainder of the chlerise sided, 1% may be
consluded that ohlorine splits off vhem the pulp is washed and/or dried.
(s will De dfecussed alss weder sawstic extrastion.)

A2 exoellent ahook was edtained oa tic ahlorine sontent of the 'u.
qwers, as indicated 1n Items § and 9. If the chloriue conteat for the
Nydrochleric acid (Item 6) 1a swdiracted from the total ohlorias (Iten
~ 2), $he values obtained (Ites 8) agres very clossly with the chlorine
" aomten$ of the nonvelatile 20lids as given ia Item 9. Thie indfcates
~ that the ehlqrino Beld By the lignis snd other solid material iz Whe
11quor is stadle to heat and drylug.

The shlorine conteat of the dried pulp as givem ia Item 11 1s mot
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TARLE XVIXZ

CHLORINE BALANCE ON CHLORINATIONS

T2-3%

(1) Ohlorine Added (g.) 12.%
(2) onlorine in Ligwer (g.) 1.2
(3) Sotal Ohlorine in Liquer (%) 90.k
(M) Ionisadle Ohlerime im Liquor

(agOy Titration) (g.) 9.6
(5) Setal Chlerine as Iomisadle Chloride

(Ag¥O, Titzatten) ($) .4
(6) hlerine as Free HCL (Cendwotometzio

$itration) (g.) 7.0
(1) Total Chilorise as Free NOL (Comdwote-

metrie Miration) (§) 56.%
(3) Chlerine in Liguor mot as NGl

(2 - 6) “o) ’ “.2

(9) Onlorine in Nonvolatile Soltds (g.) B.16
~ {10) Ohlorine med in Ligwer (1 - 2) (g.) 1.2
(11) Onlorine in Onloriasted Pulp (g.) 0.8
(12) Ohlorine Added That VWas Left in the

Pulp (%) 6.5

(13) Chlorine in Klasoa Lignin (Yiedd x §
Ligain x § O} ia Ligntn) (g.) 0.29

(1h) Cnlerine Assownted Yor (3 ¢ 12) (£)  96.9

n-75
26.%
2u.2
91.8

20.%
17.3
17.1
64.7

11
1.23
2.2
1.0

5-8

o.‘a
95.6

3-35
n.2

3.7
‘.6

30.1

28.2
58.7

11.5
11.00
%5
3.5

8.5

2,23
9.1

7”-1
7.9
171
87.8

5..0

66.0

19.8

19.65
10.8

3.5
k.0
1.%
91.8



-67—

sccoumted for ia $he Klasen 1ignin as given in Item 13. The chlorise
fownd in the lignine is 36, 42, 64, and 4O per cent, respectively, of

that fownd ia $he dry pulps, ¥2-35, TB-75, 23-35, and ?3-75. ¥nis ia-
dicates a loss of chlerine during the lignia isolation process, which

‘was also mentioned under ¥ of Part III. If 1% is assumed that the chlorine
in the drisd pulp is all attached to the lignin, the chlorine comtend
saleulated from the ohlorine and the lignin content of the pulps weuld

be 6.6, 12.7, 7.2, and 12,8 per osmt for these lignins.

2. GCeustis Bxtrssiien. Table XIX shows the chlorine dalasce fer
oanstic uiimtiom. The oihtud!u point 1s the large smownt of chleriane
found in the caustic 1iquor plus the ocaustic extraoted pulp. It was desirsdle
o extract the chlorinated pulps while shey were still im She moist com~
aa‘un. Thus, the lov values of Item 2 in Tadle XIX are accouwnted for
by tha loss of chlorine on drying the pulps for amalyses. A retabdulation
of the shlerine dalance is given in Tabdle XX, ia which the differense
in chlerine found im the eztracted pulps was sdded to the amount of
ghlorine ia the dried pulp. 7The sum of these two values is given in
Ites ¥, and the fiaal chlorine balance in Item 6 of Table XX.

The chlorine balances on chlorimation are fairly good soasidering the
fact that small samples veres analysed and the results multiplied by a large
fastor. There is aleo $he poseibility that some chlerinated material may
have been washed cut on washing of the pulp with water duriag the process
of removing the vaste liguor, which could socount for fho less of chlerine.
Voigtman (23) has also mentioned this as & poseidilisy.
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LARLE XX
AREADULATION OF CHLORINS BALANOR OF GELOAIEA?ION

0%-33 2-71% T3-35 -1
(1) Cnlerine not im 3igwr, Item 20

fadle XVIIZ ‘.-) 1.2 2.2 505 10.6
(2) Ghlerine in Dry Pulp, Item 11

Takle XVII “-) 0.8 1.0 3.5 3.3
{3) Rxoeen Ghlerine Found in Osustie

Retraction (g.) | _ 0.% 0.% 1.0 1.6
(V) Sun of 3 and B (g.) . B A R SR 2
(5) Ghlarine Assvunted for in Pdp ‘ ‘ ‘

(¢ of Total AMded) 10.5 5.7 1.0 5.8
{6) %etal Ohlorine Aoscuated fer (Ides 9, -

 fadle XX ¢ Item 3 Tadle XVI1I) ($) 100,  97.8 . 97.6  93.6

The percentage of ohlorine ix the saustio-sxivasted pulp sosswmied for
{n the Klason 1ignin is given in Item 8§ of Table XIX. The chadis foy pes-
sentage shlozine fowad in the lignin for each pulp, irrespestive of the
temperature of extvastion, is rather intarsstiing.

+ Salorisatien. e fate of wnlfur in the pulp during ke pre-
sess of ehlerinmation is interesting frem the standpeint of the stabiliyy
of the Lignosuifosstes. Tekle XIT shows the sulfur balamse for the
shlerinated pulps.

Mt&n&u the small wmm of sulfur present and the large amount
of material involved, the suifur dalanoes are fairly geod. Less sulfur ie
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oEARe 3
BLEACHABILITY RESULRS

(ko 3.856, R o 5‘?9!. L = 20.95)

358 of Roe 01 nwmder 798 of Roe C1 mumbder
Le 2 -hm . el -65%)
- ° ® ge -61)
xm x’ ”ng x. 2.’,?5.«;’;

2° C. 3xt'n. |%0° O. Ex¢'m.

‘ ln’ 6. Mxt'a. ln‘ C. Ex¢'n.
' &.W

) § ] l.m-l ‘- 2¢

%
K = 10.% (-1 K= 10.?(-1&; :

(L= 15,168, R = 3.61’. X = 47.88)

I)Bﬁ of Roe 01 mumber lm of Roe C1 mumder
‘ :‘. WM ’ e : :l. * )

:: %’q (-395) x - n.’éﬂ’%

2° 6. Ext'a. ‘m‘ C. Bxt'n. | ‘n‘ 0. Ext'n. |90° C. Ext'a.
B R TR = 5
x: : 3 x:ag: (:ui) x-u:sﬁ(-m x-x.u(-zm
heamd
L » Klason lignin frem pulpe
R » Hoe chlerine nunber
K » Potassiun permanganate aumber
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% disselve the lignin, is saking place in the 75 perr cend dleaches.

For the cawstic-iveated pulps, the desreasce are slightly mere
erratic than fer the chlorimateld pulps; but if the averages are takem
in each euse, the desreases for Pulps 22 and ¥3-35-20, 2 and 93-35-80,
22 and T3-15-20, and T2 and T3-T5-80 are 10, 20, 22, and YO per cemt,
respectively. Thees values indieate that the het causiic treatment is
abeut 10 par sent move sffestive for loweriag the dilsachadility valwes
than the eold troatmeat. It is ales shown Vhat, with the 75 pr omt
ohlerine treatnmst, the cawstic extrastisn is about 10 per seat mere
offeotive than e 35 per st treatment. These values, bewsver, in-
410ate that, per mit of chlerine added, a 3% por oent chlorine tread-
sent is noys offestive than the 75 per cemt. |

The average lowerings of $otal blesahadility-ei.e., from the eriglaal
pulp S0 the alkali~extrasted pmlpe-for Pulps T2 and £3-35.20, €2 asd
3-35-90, 12 sad T3-75-20, 12 auk T3-75-K0 are 3, 53, 66, and 71 per semd,
respestively. This shows that the het extrastion as sarried owd in this
work {s saly 3 %0 b per cent meve offective tham ihe cold for the given
treatments. Thus, the praoticadility of & het trestmeat weuld depend wpon
the axpamse of heating the material, assuming oﬂm{ properdies, swsh as
strength sharacteristios, to de the seme.

3 TION AND ISOLATICN OF

1. From She Pulps. All methods for lignin determiastion and i80-
1ation can e oritfeised in several ways and particularly ia the case of
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as for puly vhen 1% comes to isolating the lignins. A method that wewld
give quansitative ylalde of ligain ne 5t exists with no impurities would
~ e ideal, dut all Xnown nﬂMu oan be aruiohd. Nethoids using ’auh
load agetate and buu bariw umu are nmmlo. bosanse they pro-
 ofpitate sugirs vith the Ligains and the salds are difffenlt 44 Fameve.
In presipitating with aslds, & large exuess is nevessary and the pre-
eipitation 1s incemplete. It was finully destded to uss Deasidine te
presipitate the lignins from u_»ltiioh and %o correst for ths bemnidine
esontent by smalysing the lignine for nitregen. The disadvantages of this
nethod are that the presipitate i slightly soluble {n water, and emlifalse
and muic fapuritieos are aleo wniplhtol. In this work the prum
of sulfates and sulfites were coneldersd aagligidle,

1. Gugrine Oonten. Neation has been mads by Weldaer (W) Anas,
during the isolation of ligain frem ohlorimated pulp vﬁh coneentrated
mmu aold, chlorine is qlu off. Thie fa8% 1 Yoras cut in the re-
eulte given ia Ohars 11,

‘II all provability shere was not as such chlerine split off by the
sulfuric ssid as was indicated Dy the differenss in peresutage of shlorine
in the Lignins from eolution and the Klases ligains, for the more completely
ohlsrinated ﬁﬂ!un of the ligaia are prodadly mero roadily soludle.
| Furthermore, 1% was 41fficult ¢c wash the isclated liguin fres of hydre-
ehlorte aotd.
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| OEARY 13
(A1l Values are Correched $o Julfenate-, Bemnidine-, and Ash-Fres Basts)

lm.tni-oxm‘-m

c1 ns nh%ﬁ- 6.3

nmrx-x.sal nnfg-w.m

20° C. Ext'n. ®0° 6. Ext'a. C. Ext'a, -ao‘ 0. Ext'm.
clal w3, axu%u-a.w Cl in W62% 01 in Y]
01 fn ML » e 01 ia 3% = £.%08 Cl in B » cmwe nnn--—-—-

2

Im of Boe 01 mwaber

nug = 5,068
0 ia B = 15.11%
c1 ur-x.n’

20° C. xx¢'n.

N-S.gz 01““933

Hl”’hl
L = Klason lignin from pulps
A = Bensidine lignia fyom nquu :

DU

lm of Boe 01 mumder

the - 5,958
0 ia X = 21.29%
Cl in XR = 18,458

20° 6. Zx¢'a.

a
Olin)!--l.). ng o

Rxdia.

IR = Benxidine 1igain from caustioc-trented residuss of chlorination liquers
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Wish a chlorise eonswmption of 35 per cemt for Pulp 72, the sulfwr
sontent of the 1ignin is decreased 15.8 per cent in spite of the mtranse
of anly 2.7 psr oent shlorine, and with She 75 per ceat, the decrense
1s M per ceat with only an increase of ehlorine of 6.3 per cent {Ohart 1I).
™his 18 even greater for Pulp 73 which shove that the smirmncs of the
chlorine inte the lignim unis, thus imcreasing the molecular welght, wes
20% the only reascn fer the deorsase in sulfur content. Ths results show
that the lignins in the shlorination ligquors have lower sulfuer centents
than those from the origisal pulpe, which indicates that ohlorine splits
off sulfur frem the ligaia duriag the shlerimation precess.

In the ehlorination treatment the mtranee of chlorines into the ligais
makes the sulfur so ladile that it £6 splis off during the lignia Seclation
since sulfur conteats of the ligains from the shloriaated pulps are all
lower them $hose of the lignine leslated from the solution or from $he
eriginal ﬁlp.

It ie {nteresting to mote the statemeat of Noll (4§) that "mo wwifer
could Yo found in ligain from a sulfite pulp whem the lignin had deen
1s0lated using T8 per cead walfuris scid aad dimethylailine®, vhich shewe
Shat the mathod of Noll is much more drastio in splitsing otf sulfur than
the Willetatter and Klason methods of upin fsolatton.

Methoxyl Cemtemt. Varicus umﬂnw- (1% 16, 2% 23 dave
reperted Shas chlorimstion of ligain splits off i.thoxyl groups. This

is definitely derse out by the results tadulated in Ghars 1V.
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CRAR® 1V

ERTROXY], CONTENT OF LIOGNINS
(A1l Yaluss are Corresteld $e Chlorine-, Bemsidine-, Ash-, and Bulfomate-Free Basis)

(MoO in %f- 13.2%)

KeO 4a Bk = §.
Mth. 5.“

~ |39% of Bos Ol mwmber
M0 LA:”; m.zg

N 39 Ext'n. ”. c. m"o

. NeD in L » 3’
MeO in BL & weeee Mol in 3L » 10.69%

im of Hoe 01 mumber

o0 “.’%ﬁ. 1.308

N in BL = 3.818
laurl-sllﬁ

20° ¢. Bxd'a. 80° 6. mxs'a.

Bed uzf'&*m

.ﬂh”hm Mol i N » wnee

(MO in - 15.1%)
!monuum' !mummm
MeG 1a L = 12, MeO in .7
auonxr- 6.598 u-ourn-s.ohﬁ
®° . xt'n. »m’ G, Bt'a,

lm‘ 6. Ixt™n. ’
Mé0 in .11’ HeD 32 L = °
MgO in Bh o §.98€ MeO in 3L = 8,964

kogend

He® » Metdoxyl
L = Klasen ligain from pulps
I, = Bensidine liguin frem liquers
3R » Baasidine 1igatn frem canstic-treated residues

20° ¢. Ext'a.

v wEH m v FER,
NeO 1a DL = H.63F NeO im DL » 5,286

of ohlorimatioa liquors



13 is shown definftely that the greatsr the degres of ohlorination,
the grester the 108s of methoxyl. Caustic trestment of the residues of
the ohlorisation liquors apparently has ne sffeet oz the methoxyl con-
temt, but oaustic extraction of the pulps tends to remove the ligain |
with the lowest methoryl eonteat. In every case the methoxyl centeat
of the lignins from the chlorimated pulps are lewer than for the caustio-
extracied pulps. The methoxyl content of ihe nam ia the csustie
 solutions are consideradly lewer than from the caunstic-treated ynlpu bat
higher than the lignins frem the shlorimation liquers.

The quastion is often raised as to the amount of methoxyl in woed
\hat 1% not ascowated for in the ligain. Ritter and ee-vorkers (46)
‘and, mors recently, Ragsiuwnd and ﬁmlh (3]) have found Shet about
0;5 per aemd of the total wethexyl in spracewood (4.56 per ceat) s
attached to oarochyirate material. Tadle XXIXF'is sx attempt W show
the distrivution of methoxyl ta palp and to determine Af there are aay
shanges in 4istridution antu‘tha vaﬂm mmsn. ..

The pulps from T2 show tlut the mt cf utho:ql ut sccounted
for in tho 1ignin is nearly constent for the differsnt treatments. In
| general tho more drastic the treatment, the less the percemtage of »
methoxyl that is agoomted for in the 1igain. For 73 pulp uipln. there
seeus 10 be less methoxyl mot acecunted for in the ligsin as the drasticity
of treatment 1is mi'mca. The percentuge of mothoxyl ism the lignin sewme
to changs very little on cnuﬁé trﬁtunu It §s also inSeresting Ve



ABLD XXIIX
" DISTRIBUTION OF METHOXYL IN PULPS

NeO ia NeO in Lignin KeO ia Cardohydrates Ne0 in

100 ¢€ ¢:§ Pulp fLrem 10?‘3 of Pulp from 100‘:: ).r Falp Si&-}n
vz o.Th 0.45 0.29 (21
7-35 0.57 0.19 | 0.38 1))
°-1 0.29 0,09 0.20 n
72-35.20 0.8 0.2 0.28 | 3
3580 O.M6 049 o271 M
227520 0.29 0.06 0.2% 2
£2-75-50 0.30 0.08 0.25 17
B a7 2.00 0.77 T
 23.38 3.66 | 0.9 0.72 56
£3-7% 0.99  0.3% 0.6% 5
23-38-20  1.5% 0.65 0.69 »
3-35-80 1.46 D . , o.n 5n
7150  1.02 0 ' oubs 53

3

23-715-80 o.gh | ~0.4) 0.47
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sote that the qu ubt ooﬁntd with lignin s greater ia the pulp
with dhe greatar lignin content. Jor all the pulps analysed the average
peromtage of methoxyl not sssoumted for in the lignin s O.46 per uent,
which 18 close %o the valus givea Wy Eaggluad for wood asd shows that the
cardohyivate methoxyl 19 very stadkle. |

Innsuuch a8 & osriain smownt of oxilation ocours oa ehlerimation and
the sxtent of the resction seems to Sepend on tke pevcentage of the ehlerviae
denand ueod (14, 20, 28), 1% appsared legical to make carbon diexide de-
terninstions during shlorinaiion experimeats oa pulps wiih varisus pes-
centages of the chlerine d-nd; The values odlained in tni investigation
are givea in Zable XII.

As is ovident from the valuss givem in Tadle XII, the quantity of
sardon diexide evolved whem pulp is ehlorinatel is very emall, sad the ine
orease peromiags, if any, ewing to the hcn'no' of ohlerine demsnd, 18
aleo very small. This would lesd one S0 bellieve that, if chlorine oxerts
aa oxidising effect uwon the ligaiz in the pulp, the astfion is not sevars
mough teo inﬂl in the formation ef carden dloxide.

Pigure ¥ shows clearly that the lowering of pl on chlorination is
vary rapid ad first and that izhi ourve finally smoothes out te & mearly
constant valus. The pH loweriang is greater when larger quantities of
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alorine are used. ’h-u is, however, a defiaite and uuMa U ffer-
mce betwesa the Pl of the mévho water snd the fisal ehlerimation
liquer, ﬂah indicates thal mere hyidrechleris asid is evolved dwring
the ochlorination process than s farmed by the Wlph of ehlorine
"N

Glp + B0 — HOL ¢ OO

MoShaaldt of chlorine water versus pii; from this owrve 48
is ovident that in the sbove equation the resstiea is shifted %o the
right with incressed seneeniration of chloriae.

With the large peromtage of shleriae which foras hydrochlorie aaid,
a8 has been indicated in Tadle XVIII, and the low pK during the shloria-
ation process, 1% 15 evident Ahat the addition of hydroshlorie aeid $o
the shlorination mixture, as was pointed oud in the Ristorioal review,
would decreass the chlorine ceasumption or increass the degres of chler-
ination if the same amount of chlerise was added. o

The speotral tm-'un‘h_u aurves of | tha mm»mn and gsamstio
sxtrastion liquors were hhn after adjusting the solwifons 40 & definite
pX (1.20 %0 1.89). Plets vere made of nnlm versus legy )u-).u-.{:).
Yt a0 definite conslusions 0ould e dyawn regardiag the somposition of
the liquers; therefore, the data have ot been sonsidered.
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FIGURE 6

CHLORINE CONCENTRATION
vs.
pH

-

Temperature - 28° C.

6.0

1.0

Concentration of Chlorine - g./1.



The prims purpese in meking & stuly of the methanol and alkali lignis
from a sulfite and a chlorinated sulfite pulp was te study wmore olesely
the mochanism of the chlorisatien reastiem oa the ligais in the pulp. The
1igaing from the sulfite pulp were %o furnisk u mesns of comparison of
these lignins with those from the chlorinated pulp. IS was felt that the
1igatn isclated from the pulp by methanol would be changed to & less degree
than by other methods of iwolation. The alkall ligain frem the chlorinated
pulp was prepared %o m.,.u'.. whether nev hydrexyl groups (phemelic and
acidie, or dph-ue) were fornot or lost vy the removal of chlorine frem
the ligain by seustis. | |

Two methods were chosen %o detent hyiroxyl groups: methylation with
dlasomethane for phemelic or acldis, and acetylatien to: total hydroxyl

groups.

In oarrying out this study the lignins were methylated, acetylated,
and analysed as previowsly dessrided usder Jeotions 3 and ¥ of Pars IV.
The analyses are givem in Table XI1II.

Methoxyl Coptent. The lignine and lignia derivatives wers ro-
calculated to an ash-, sulfonate (0038)-. and oblorine-free dasis and Vadu-

1ated ia Table XXIV. The melooular weights and groupings given in the ﬁuo
are caloulated from the forsula of Brawns (3) for aative 2igatn [Cyglyo0¢(0Hy0)y
(GE)y~8 = 0], and methanol mative lignin (oue‘xy,zoaen,o)u(w)yé(ocxﬂg].

The two methanol lignin fractions, Samples TI-MeOl-A and T3-NeOH-B,



Derivative Wi
Methanol ¥. L. 886
23N e0l-A sr2
Methylated 900
Asedylated 1066
2320083 40
Metliylated sh
Asetylated 2050
T3-T9<Me0R 826
Nethylated #%0
Asodylated 1062

23-150 198
N2

3-a Mo
Mothylated 868
Asstylated 10RO

23 5-5a €26
Ketdylated @54
Asetylated 1036

3= TonlanD 826

ABLE XXIV
MRTMANOL AND ALKALI LIGNINS

Lignin Mol. No. of MeD No. of OR or QGaled., Yound
Greups ASO Gvewps N N
3 Lok @0 2.9
5 5 o 17.8 17.2
[ 308 21 23.2
b § AeO S 1%.7
% 5 o 1%.8  1hh
5 b ot 18,1  17.8
5 AcO 1.8 1.8
. 3 6 ox 1.3 12.
W 5 o 1.8 1%.0
3 6 AsO 8.8 5.8
i o 3.9 L
2 — 1.7 5.
4 5 OX )L B LW
6 3 OF a.k 2.2
W 5 AgO 1.8 1.2
3 5 o 1.2 9.0
5 3o 18.1  16.9
3 5 A0 9.0 1.2
3 —— 11.2 9.1



‘.‘”-‘

| nomuhmuff“lwdttmurmm”mmww |
o, uuumummm1 naammmm TP T
b «m-nmwammmmummmmm
| sotsexyl prewps Loss. mu Vi native Ligein, Semple T3-MeOR- ‘has
| ) muwmm. Mmhnplol}-lcﬂl-tm thou-omot
‘melhoxyl W ™is sal!.utop that the pﬂp h lfpiu whuh roula ﬂﬁ
| asthanel hﬁ-wmdwmuu -ummwmuuw
| wifite escking prossas, & fact which hes alresty been peinted 0wt ¥y
Besune . e -muo of emly ods sethexpd m tate 1igosuifoaty
aoid on troumt vtlh um&w:u uu wy ulu rnu ty ltq.
Brauns, end Kidyert. tw e residul upu in -um. pulp reasts |
- 'm.mmumx-wmnu netd, a8 Lemet 1a pare, is fhe same vy a0
Lteolated uummu nu The mm of he pulun for the anlu
| of muur mmm m -hu snuu vith methanol fo Goudsless 4%s §0
the nunau reups hl the 1igin. lnhwals-lm:onn»mm
growp has mm m witn auuonmu one wm s- ntm.m;
ia nplo!}-ll%hm:nnw oweps are ummwm;ms.
kn ke 1atter mo. u .mmn tos phanolie xwam m. the nlm
‘a0ld grewp 1s prevadly esterified, et 4 mt o0 Vo muu what —
o has Ve mmmt (n Seaple T3-Ne0S-D.

ﬂt IMI upu tro- m mwa pdp (luph ”-W) hu |
two 1mnmm mouﬁ mm-hamxyl m than’ mun-um
| Muvlunnmxmuuonmnw mmmuw
| Nethylatien of Sample T)-T5-HeOK with diascustians afde one metboyl m
 The new hvmm m-p s u-px- rym.a mn'mly obm“ln hu



- 90 e
the 18 of a methoxyl growp and may be alphatic ia charastier. Siaee
oa treatnent of the shlerinated lignin with methanel or of lignia with
nethanol-hydroshleris asid methylasion weually tekes place, 1% may | )
possidle that the origiasl ligeia in Pulp T3-71% had a lower methexyl
oontent, which was inoreased first By the astion of methanel-hydroehleris
soid. Tals viewpeint is supported by the lewer methexyl content of
Lignin T3-T5-Na.

Sinoe methanel Lignins Avm 3 were obtained fn nearly equal amowats,
the ahlorination treatnent must have removeld mest of frastios A or else
altered the hydrexyl oroups. !iu is Yorms eut Wy the sevem methoxyl
groupe of methylated nethancl ligain A a8 oompered with fowr nethoxyl
crowpn for the methansl 1igain from the chleriasted pulp. The vater-nethanode
seludle lignin, T3T5-A, was probabdly s part of the ligaim that had been
attasikred mere severely. If thig .mqpu@a Sa true, sll the methexyl sowld
prodadly be wplis off by chlorination ae was stated by weller (gD.

A comparison of Sample M- and ite asetylated prodwot agrees vary
well with Semple T3-NeOH-B and its asetylated product; bewever, the
nethylated produsts are differeat. The methylatien indicates Ahe presese
of two asidic or phenslie W’l’l grewps -mm. is the sane as Zample
T3-Me0H-A. Agaia, the difference is pnuuy due 10 the wulfents oy,
The alkali ligain has ene more Aydroxyl p_u) than aative lignin. Ale
_ though alkali lignin has mot beea preparsd from astive ligata, 1% is
possible that the keto-emol group shanges to a hydrexyl group.

The alknli ligain from the ehlorinsted pulp (Sample T3-75-Na) MI
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& lows of slightly mire Shan ons methoxyl m. 'am. nethylation

vith diasemethans increases the numbder of methoxyl greups Wy two, and

sinoe the total number of methoxyl sad hydroxyl groups is slightly less

than oight, 1% san e consluded % Ve the name as alkali lignin with one
less methoxyl grewp. The dioxane-soludle alkali ligain from the ohlore
inated pulp (Sample T3-TH-NaeD) appears 10 e the sene as Semple 73-75-NMa
a8 Yagards to methoxyl centent. $ince the sample was 400 small, methylation
aad sceiylation experinenis wers not sade.

2. Swfur Goatent. The swlfur content of the alkali asd methanol
lignins and lignin derivatives were caloulated on the dasis of a lignin
wit of G40 and to em ash~ snd chlorine-free dasis. The results are
taken frem Tadle XIII and are todulated in Tadle XXV,

TANLE XXV
SULFUR CONTEN? OF MITHANOL AND ALTALI LIGNINS AND DERIVARIVES
Wt;a Sample mm.;u Semple
TYeM o0l PIY S b3S
T3-Me0tl-3 . 3.88 382
£ T5-Me0H - 3.1% | 2.7¢
L3=T54 2.93 —
23-¥%a 2.h .' 2.30
T3 75-4a | 2.0  an



-92-

The sulfur content of the methanol lignins (average, %.13 per ceat)
agres fairly well with the sulfer coateat of Klason and Willstabter
1igning from Pulp 23 (K.79 and %.0%5 per sent; goe Tadle IV). The alkalt
ligain, Semple ¥3-Na, however, has & lower value (2.38 yer oent), which
shevs further that alkall Veads to eplit sulfur from the ligmin. The
chlerination treatment also splite off eulfur as can be seen from Sample
23-75-He0HE. The caustic treatnent eplits off as wuch sulfur ia the wn-
chlerinated as in the chloriasted sawple (Semples T)-Na and 73-73-Ea).

The sulfwr oontent of a 1igais wait of SN0 containing oae sulfonic
srowp would be 3.48, wiieh corresponde fairly closely te the sulfwr cen-
ten$ for Sample T3-T5-MeOH.

3. Ghlorise Gomtemy. Table XXVI gives the chlorims content of the
alkali and methanol lignins and their derivatives from chlorinated Pulp
73 caloulaVed om the basis of a lignin mit of 880 to an ash- and sulfemate-
free Basis. The results are taken from Tadle XIIl.

TABLE XXV1

CHLORINE OONTENT OF MEPMANOL AND ALKALI LIONINS AMD DERIVATIVES
FROM CHLORINATED PULP T3

Uatreated Sample Nethylated Sample
(%) (%)
23 T8-Na 3.7 3.4
23= 15N o0 , 15.8 15.7

23-T5-A 27.5 o
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llo‘v_nu for Smmple !3-754: unmm 4@ adout ons cﬁloriu
aton w 1ignin colecule of 315‘ (3.0 peor sent). The shloriae ¢eatent
of Sample 73=T5-Me0H oorunuﬁ approximately to § chlertas atoss per
1ignin wait of 978 (14.6 per oent). ¥his shows that the alksli splite
off abeut 3 atoms of chlerine per ligain umit. The chlerine sentent of
the waser-sethancl-soludie 1ignia, Sample 23-75-A, corresponds te 9 |
chlorine atems ia a ligais wil ot{ usn (27.1 por cent). |



VI. SIMMARY AND CONCLUSIONS

Tws sulfite pulpe (22 sad ¥3) with widely 4ifferent ligain contents
(3.89 and 15.2 per oent) vere prepared in experimental sulfite digesters.
Bach pulp was chlorinated with 35 and 75 per sent of the chlorine dwmand
(Ros ehlorine numder). The four ehlorinated pulps vere them extrached
with aold and hot 2 per oent caustie (20° and 80° C.) at 10 per cemt oom-
sistency. Naterial, ehlorins, sad sulfur balances were made in each cass.
The 11gains of the eriginal, ohlorinated, and extracted pulps vere isclated
By the Klason method and analysed. Analyses wers alsc made on the chler-
ination and saustio waste liquors and on the solide odtained from the
chlorization liqwers. The originel, shlorinated, aad caustic extracted
pulps were mmalysed for bleachability (Roe chl»ino aumber, permsngaaste
aunber,and ligaia content), sulfur, ehlorime, and methoxyl content.

Nethanol and alkall lignine wers prepared from Pulp 73, m Pulp 13
ohlorinated with 75 per cent of ths chloriae demsnd. Analyses were made
on ths eriginal, methylated, and acetylated products.

The follewing conolusions were drewn from the work carried outs

™he mM\nl unin in iul.fuo pulps is preseat ss a sulfonated ligatn
(e0112 1ignosulfonic wu) with sa average sulfur content of N.75 per ceat
.for Klason and Willatatter 1ignin and %.13 per send for methanol ligain.

On ochlorination of s normal sulfite pulp (72), 1igain appears to be
about the only produet remeved; however, for a raver pulp (73), & consideradle
amownt of carbohydrate material is removed, and the greater the percentage



of chlorine demand used, the greater the guantity of carbokydrate material
dissclved from the pulp.

¥hen shlorinated pulps arse oxﬂrutu vith caustic, lignin 1a alse
the chief product resoved, but some carbobydrate material is alse dissolved.
Yor pulps with a low lignin coatent (72) the ratio of the sarbohydrate me-
terial remcved o the ligain removed is greater than fer She raver pulps (T3).

From 87 %o 92 per sent of the chlerine added in chlorination can de
recovered in the chlorination waste quﬂ from 56 %o 66 per ommt of the
total is found as hydroshloric acid. The amowmt of hydrochloric aoid
formed was greater when a greater percentage of the ehlorine demand m
used, whioh indicstes that the first chlorine is utilized dy sudstitution
follewed by an oxidation nuttog.

A part of the chlorine remaining in a chlerinated pulp is held loosely
and is removed during the process of 4rying.

A part of the ahlorine in the chlerinated pulp is so labile that 1%
1s split off during i%s 1selatien by the Xlsson method.

The chloriae in the eolids of the ehlorination waste liqwors is rels~
tively stadle %o heat and drying.

On ohlorinalien of a sulfite pulp a part of the sulfur is splis frem
the ligain and anethoer part rendered ladile, so that 1% 1is removed frea

the chlorinated lignin during ieclation by the Klasom method.

Chlorination of pulpe with 75 per cend of the chlorine demand reduces
bleachadility values only aboud one and a half times that of 35 per cens
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of the chlorine demand, sven though sver twise the gquantity of ehlerine
1s used, indicating that a part of the ohlorine is sonsumed by the al-
ready ehlorinaded lignis.

Hot saustic extraction {2 per cens at 80° 0.) is about 10 per ceat
moze offective in lowering bleachadility values of ohlerinated pulps than
oold extraetions (20° C.). Jor the total bleschability loweringe (ehlor-
fnation plus exiractions), the hot process is 3 $o I per cent more
offective than she oold.

nmm:ml« ui reduced oonsideradly more by ehhrindia alone
thas by caustio mM:u sftu,emrsmm; The um&bmty lovering
for osld sztraoiion was about one foursh §t that for the 35 per ceat chlor-
ination and one third ef ABAS for nu" 19 per ceat chlorinations. The
lowerings for hot exirsations wers about one half of ihat for the chler-

faations.

Chlerine is split from ohloﬂahd 1iznins on treatment vith caustic.
The chlorine content of Klason lignins from caustic~-extracted pulps are
lower than from chlorinated pulps, which indicates that caustlc sods tends
%o remeve some chlorins from She lignia not rnmyod by the strong acid
during She lignin isolatien.

Chlorination of pulps splits methoxyl m@c from the liguini the
greatsr the degres of chlorinatien, the grsater the 1oss of methoxyl.
Indicatione are given that all methoxyl groups might be splis off by chlore
tnation. | |

-



- 97 -

Methanol lignin from chlorinated sulfite pulp (Sample ¥3-7%5-MeOH)
indicates a replacesent of ‘om nethoxyl group by an alphatic hydroxyl group
in & 1ignin wnit during the chlorination of She pulp and subsequent Ssolatien
of 3he lignin. |

Caustie extraction of the residues from shlorisation waste liquore
has apparently no effeet on the methoxyl sontemt, but whem chlorinated
pulps are extracted, the lignin with the lowest methoxyl content is re-
~ moved. Alkali lignin from s ehlorisated pulp (Sample T3-75-¥a) imdicates
a 1oss of slightly more Shan one methoxyl growp from the lignin wmid.

The oxidatien reastion of chlarine en lignin i wulfite pulps is
not severe lmm to form apprecisble smewnte of carbon dioxide, even

when 140 per cent of the chlorine tm is used.

The pi lémw on chlorinatien is very rapid at first and soon
Yosones hmlj constaat. 7The lowering is greater for greater amounts of
ohlorine sdded per wnit volume of stock.
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