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1IFROBUCTI OF

¥he ahangs in \be color of sulfite cookisg liquor durisg
the course ok the digestion is of fundmmental snd prastical impor-
tanoe. ‘!h- cnur- pregress ot a nlfuo cook s shown by the oon~
stituents asd the eolor of the liquer, as well as by Iho oomwuuu
of tw rmlniu solid fraction, the pulp. 1¢ is pon!uo to follaw |
the heterogsmecas resctios, 1.0., the saifonstion of wood, Wy amw;
mrm;muu of the mtm stages of resstion of mnac agid oa
the several compossnte of m m- invelves um-upuu of the
sature of the oelering matisr or materials sb all stages of She ook,

The exast asture of the mecheniew of $he resstion of el-
fite asid with lignia, %o mentlon only ome wood compossat, is still
wnsertain, The awp 1a \he spectral absarpiion of the cockisg
liquer should be of assistence in deternining the course of the heter-
ogensous reastion. The emall amount of dats published on suifite
1iquer coloy 18 condersed with the witraviole$ portiea of the specirum
besunse of the possidility of compowsd 1dentificatien ¥y oharacter-
 Aette sdsorption greups.

The soler of sulfite liquor has besn importast in eoatrel
-smvm time whon T1lghman burned bis first cook. Almest ai‘u‘xu
use liquor color h, ‘show the end peinS: they measurs color mare or '
less seiextifieally and uge it along with a perfectly maistaimed
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sehednle and momuum of ponamuu numbder, dleachability,
ssoking stals, : o uw d1oxt0¢, uwsu, Yy Mtsoherilen test,

iw"'

smell, monmn, aud mh. Golar u numoc by mpu‘tm wuh

" old liquor senplos, soffes solutisnmn,’ m, £lass standards and, n e
feow utnn, by whomtﬂo meaxs. ‘

This ressareh bad three objeotives: (1) To deternise ue
sature of solorisg matter in eulfite 1iquor Mhroughout the coek
(2) o -ﬁuhh 'lﬁomun on the rate and nMn of rmwﬁ o
| cooking asid on weed; and (3) Zo develop She fundsmental dasis for
setentific svak centrol by photoslestric iastrusents.
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EISTORICAL SURVAY

The eolor developed ia the liquor {n the courss of a salfide
ook Ls dus %o organic material sxirested from the wood by the astion
of the hot scid. The constituests of wood then ave of fundanestal in-
portange in any study of liquor soler. | | |

‘A, WOOD CONSTISUENS

ALl weods are composed chiefly of cellulose, hemicellulose,
ligaia, and resin. Sprase has been selested as an 'ou-p1§ ad it u |
the most widely wsed weod for wulfite pulping. The published snalyses
of sprusewsod vary widely, particularly in the carbchyérate fraotiea,
Thess variations are due iz part %o the source of raw material, but
shiefly %o Mmm in ardidrsry anslytical procedures.. Kgglund
().,, p. 252) analysed Buropssa sprwss with the following resulte!

A, 0‘11!10“

3, XNemicellulose ‘ ‘ :
Salfite

1. Diffiesltly hydrolysable
Namaen 2.8% esllulose N7.1%
kvnhn ' m
mny hyérelysable
" Mannen 8,68
Xylan k1
Galastan 1.0
. L. R
velen irnse 20.6
c. w‘ 2‘.6
D. Asetyl 1.8
E. Resia, ash, protein 2.3

8
Q
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Jobnaen and Hovey (2, p. 12) Mdud e following values
for Canadian spruce!

B Gallnlose 55%
Pantosan 11
lagaia
Resia p §

- " Vom Buley (3), Schwalbe and Becker (i), and Klasoa (5) have
published data whieh -pu npautmu .-ug mu- nm sbove,

. 7 s ’ff‘ii‘t» e i m, oL A . ,.M
!u ﬂou af uumm pu:I.p fron the -nlﬁu procnl u

Wtoﬁmm mtuwmnd&-cmtw A-m-a
m-kmungmsmp»muuzu 3 per sead of lignim, 6

to 8 pr cess of pentosans, and mt 85 pez cent of alpha~celluloss,
The mxma oonbent of gprede 3s at most W per ‘cent (I.ulud bW
p. 131)1 txis cellulese fraoiies is most resistant to sctd sttack
and s, therefore, least mmt 1n sulfite liquor color.

e hi-tmlnlou mterial, on the other hand, is readily
hydrvolysed and dsgraded by ceoking asid.
Borman and Hawley (§) classified hemiselluloses as fellows:

A. Sxeletal sudstanee (no urents uu-) Cellunlosang~-
XYlaR, BaRORS, .u Amnn. ' .

B. Nexesasns, Mlm and hemosan~-peniosens.
C. 1Isorusting material, oonmﬁu vroaic acide. Poly~
areaiden~-pentasans + uromie uiu, mxosan-pentosans
L mm acids.
On hyérolysis, the hexossns yield memmene, levulose, giu-
oose, anl galastose, totallismg abous 15 %o 18 per cent of sprwde, ‘
The m yield xylose and srabimase o the axtont of 8 b 10 per
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seat of the original weod. Hexpssa-psatosans, swsh as galacto-araden,

e40., are alno present.

Ritter and Xurth (7) have given the folloviag amalyses of

the easily hydrolysadle porSiom of sprwece hemicelluless:

Naterial Yood
Constituens T $
Mompam . . © Y 19 1.8
Glusessmn . 80 - - 0.8
Galactan 1.8 0.8
Iylsa ‘2.9 . 2a?
Methexyl g.ﬂ' 0.3
Glusuroals soid 1k.6 1.5
Volatile asids
(avetic and foraio) 5.0 0.8

Undeternined z.! 0.8

100.0 10.3

| Les, 1n *The Mamufastute of Fulp and Paper,® Volume III
(§, section 1, 34 edition, p. 56) reported the average pestesan eoa-
tent of sprucewood ss § %o 11 per eext. Hawley ul wise (9, p. 36)
eriticised Sclwalde and Beoksr's high figure of 14,3 per cent tor
pentesans and methyl peatosans. ‘Bherrard and Blanes (10) hvmm
‘sprwse with dilute eulfurie m_a,jy wAleh 20 $6 Z7 por oemt of She
weleMt of the Wesd wers removed; analysis gave She follewing por-
centages of tﬁn constituants ia Shis solulion:

" Manmose 31.7%
Hucone 2. z
Galattone , 6.
Iylose ' 13. a
Aradinose Be

O\her redusing sudstanses _19
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Hagglund (L p. 110) gave Ahe massen conteat .! spruse as
10,5 per eent by his method, whereas Schorger's method yielded 8.0
per esab. On Mydrolysis of spruoswood by sulfuric aeid, Klggtund
(1, p. 112) obbained 20,6 per cemt of a sugar solution, analysis of
© whieh ryevealed the !'olluh‘ compestitien:

N1.0%
@ ‘, .. . > . ¥
Frusteibe A N : FY + R

Qlwu - 3.2

The total water-solable material wiieh san be yeusved frea
‘mumot dspends upon the Semperature and tho uu of o:tmuan.
Wasa carried $o the extrems of mom ocsks, & large amount of the
heatoellulese san be hydrelysed. Klasea (1)) stated that 12 per oot
of sprocewsod 1s soluble ia water; Sechorger (1), on the other band,
!oud only }.»36 por oeat Miom hot and cold water-soluble material,
Kurth (11) has published & soheme for separation of $he various sud-
_stances present in the water-scluble fraction, which Me has divided
iato six growps: |

A, Tasnias--montly yhlobohntu, nubl-nluno

3, Naturel druhf!a . :

€. Sugars v
P. Salts of organie asids (agetis, formic, oxalie)

B, loh-m polysassharides, mo musilages, stareh,

poctin-~like uhrhll
) innio uu-ﬂb suhstanses.

‘iun are mo M;M data on the amounis of thase substaases in
sprusewced. '

The 1ignin content of sprusewod, as reported by mawy in-
vestigators, varies besween 27 and 30 per oent. This ligain, the
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n-ovu of which Lis one of the ebjects of the pulping operatiem, li
& BaJoT 0onstituent of sulfite waste liquor, ia which 1% is preseny
st a htdnr‘ chromephoric subsatanse, caloium unonlron'tto.

mx (ﬂ, . lﬁl) m r-mrhd the tom methoxyl con-
tent Of lpmihot as vuytu tm L.hg to 5,33 por cenk, All of thia
‘methoxyl s nob preseat ia ¥aé lignin; tims, Miggiund (], p. 198) has
M that of a Volal pnrcontogo‘ -t k.60, 4.0 per oent were in the
uail. m remainder of the methoxyl is asscolated with cardekydrate
material. Schorger (p. 113) has farther stated that the aethoxyl
groups are hydrolysed oaly $0 a very limited exteat ia -nlﬁu mlping. |

The resin and piter of »W.on,- extractadble by organie
solvents, sre dark red-drews in coler. Ths material exirasted w
Mo solvents 1s s mixturs of fat and resin ia sbout equal pro-
portions, but ioth quantity and yropoﬂul are mush affected by the
origin and She age of the wood, The ether-soluble fat (0.2 to 0.8
pev send) 1s the cause of later piteh mmu. The m&» aleo-
hol-bensess soludle material (0.4 te 1.0 per cens) nay isslude sush
substances as yhlomuo. The Se¥al organic soluble piteh (0.5 to
2.5 per ocemt) 1s dissolved enly Vo a limited sxtesd 1a the socking
process (§, Vel. 1iI, Sestion b, p. §5). Hewever, Browning (1% has
_reported the following smalyses for sprusewcod snd for the sulfits
palp prepared frem 1%

Sprusewood , 2.13% alcohel-benssns seludle
Noymal sulfite cook hr 7% yield 4
Unbleashed pulp 0.9%% sleshol-bensens soluble
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These valuss ascount for only 21,0 per ocent of the original slechole
bonsense soludle substaace; ths remminder muet u'dupuud'in the

wasts liquor.

 The morsal ash conteat of sprece is low (0.2 %0 0.8 per
oent) and, from the cooking stanipeins, is not important. The ocmme-
mon metals are oa).él-, potassiun, and magnesium, combined as earbon-
ate, phosphate, and silicate. Zhers are no chromophorie u;., aad
- the color of the Mmi and of the pulp &s not affected dy ath,

The nitrogen oconteat is low (0.1 %o 0.5 per gent) and 18
wsually under 0.3 per ceat (Kaggiwnd }, p. 237). MNost of the mitroge-
aves material 1s preseat as drisd protoplass and 1s prodedly nesligi~
Ble from the celer standpoint.

3 T Wlﬂ» PROCRES

The m unum cwnd hto s nnmr are chip! ml
fresh sulfite uu. The colerhc -ﬂur mm‘ l.n the. uoouu
liquer during the course of the digestion has its -g;l.in mt;r@y in
\he wood. Normal oecking sold is s selution sf calcius Msulfite with
exsess mlfur dioxide. 7The styeagih of acid 1 expressed as pereente
age of sulfur dloxide and wemally russ 5 o 6 per cent free and 1.0
ta 1.3 per cant comdimed sulfur dicxide. The base may de caloiwm,
uagnesive, or sodimm, or a mixture of thess. Beasley, Canpdell, and
Maass (16) have presszted the dest treatise on the physical properties
of sulfite eooking liquer. The inorganic fresh eecking aoid is adheso-
lutely colorless. Eowever, some color is generally imtroduced with
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the fresh liquer at the start of the coek Ny the commercial practies
of waing elde relief liquer i makisg up fresh liquor. This side re-
16f 1iquor 1o drawn off as late as e e1ghth hour of & Sen-howr
mkndtnnu‘hawlmunutuwpor aent of the Sotal
fresh umr wlm.

7 mamnotmm&w-hq;!cm salfite procass is
aivided isto three stages by the Semperature schadule, whioh im tura
46 devermised by the physical asd chemical prosesses izvelved, A
normal oeok schedule might be:

1st perted - 29 - 1100 0, hours
28 perled 110-10%0, - & nowrs
34 pertod - 10 -20%C, - 3 hours

*he £iret slage 1o primarily pemstratien of the ckips W a0id, the
segond whage 10 nltouun of ﬂl. M ol the tuu As he nh-
drolysis asé solution of the ligitn, the "Quilitatiloshang? périod,
Bagslund (1, p. 279) has reduced Wis Mbave turee tages Sa e,
walfenation and hydrelysis. Steimschneider (L]) disagreed with the
Higglund two-stage Sheory, claiming that $ha sction is oms of con-
timsous sulfenation, with lignin dissolving as fast aﬁ it i3 smul~
fomted, It wust Ve emphasised that ke oecking provess samaot be
‘sharply divided imte tws or tires stages. The penetration of ohips
W seid and the twe toposhemical reactiens of sulfomtien of ligain
and eolution af Shat 1ignls are consecudive precesses asd Vake place
in that erder primarily 1a the indicated periods. Nowever, withia &
single ohip and the entire mass of ohipe all thres reastions are
goiag on sinuliansously during wost of the sooking period. o
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~ In the first atage the um liquor diffuses inte the
chips, displacing water or air, at a rate dspeading upon the wood
used, the fres and oombined sulfur dioxids in the cooking liguor, and
" the presmyre, At the same tins nlmm uu adds to umn, forming
& solid rmmn pritent m ty upomon on the rshm Aocording
to Beuser (15), thie mtion -honld be cenphu defore a “lpmhn
of 110° G, is Teached, 1§ 10 agresd that this £o the critical temper-
ature fer nast no&n. Othcm-o, lignin will bve polnorind u‘ ehip
capillaries will de bloeku, preveating further pemstratien. Cooling
asid, partioularly one mmug s high perecentage of qopbint -
 fur dloxide, 15 11adle Vo precipitate calofws momesulfite asd dydrex-
14s at adous 120° 0., secording Vo Mrchard (13), asd time wust be |
allowed for penetration.

| A$ 110" 0. the Semperature ssheduls starts the slow riss
So saxizem (the so-called sesond stage); this allows time for com~
Plete eulfomatien and simultaneous solution of the sulfemated 1ignis.
Blsglund (0) believes that the ligain s chemically cesbined wilh a
certain part of the oardohydrate and Slmt this combination 1s main~
mm during the sulfonation of the ligmn. This uﬂol;mlnh-
1gatsmsulfur dloxids compowsd is stadle szd inseludle in water. The
| dinolntm %o -olnbh produsts is s hydrolysis eatalysed ¥y the
hydrogen-ien consentration of the liguid phase sad 1s tndependent of
' the hydregen-ion comsentratien of the solid 1igmosulfenic asid. The
raks of reacval is proportiomal $o the amount of solid ligsosulfonis
014 presead aad te the pE of the liquor (2)). Hagglund further
claimed that e pH inside the ohips 1s bigh (3 te b) as compared
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with & pB of 2 for the 1iquor; thh conditien protects the fiders
sgainst degradation, Yhe Wﬁon concentration in the liquor
remilts from the dissesiation of sulfurcus aeid and 1ts salts, and
sulfuric asid, organie mu, sad Sheir salts formed from the wood.
Up %o 110° 0. the Wua'- comoentration decreases, mm_o‘ sl
furous scid is betag taken up by $he 1iguin; it imreases as soom as
the strong ligmosulfonto setd begins %o go iate solubion.

| Ia the so-called $hird stage, in which the cook is held a$
eonetant teaperature, the hydrelyels of ligain is oarried to the g
wrea poiat with sisulianeens carbohydrate removal, sgglund (n) 2
1926 reported that m imn ia magar comtent 1z the liquor pa¥ale
leled that of the lignosulfenic anid, dut in 193% (23) he stated that
 the rates of solution of sugars asd :l.iqiﬁtm; ;Mmﬂut of esch

other,

;»‘{& a )

ltulm (ﬂ), on the" inh of opuwu :uu, qunmh,
and bromine mmber of Abe umm; pulp, conoluded that Vhe eooking
reastion 1s independent of tsmperature in the range of 120° %0 135°0,
and that iwe is the only varisdle. The sugar conteat, the pE, snd
the sulfurie asid 1n Vhe liquer are also eonstant. Hovever, abeve

‘ 135° C., for the sane degres of delignification, the yield is 3 per

ceat lower -zu s lewer grads of pulp snd a huh-r sugar comiend ia
the ligquer. These all inmdicate imoreased oc)qm hydrolysis.

Aceording %o Kiein (2%), the cooking rescticn is memo-
molesular, dspending upon $he speed of solusion of $be wulfosated
1ignin, Oomuulun (2% wcmtuthaulWO.



She delignification is appreximately mmluﬁhr. ‘fho rate change

with temperature obeys Arrhenius' law, end tho conolusion is rucﬁu

~ that the ressiion speed of the ceck 1s domdled for sach 10° C. ta-
ersase ia Semperature. Miller and Bwanson (gz, ) N 14) aaud tlth

| She tamperature insrease rule,

Brauns and Drown (20) -um that the armuu rmuou
utullx iMWPM botnin the. 1% h md and the sooking acid
are ctlu umn Undo\lbtony, Mnnr, one or the othor of. the
Wonl mt al' native u‘un Muptn in nlfcutlcn. Afser
»mwuaon, ligain 1s nm capable of tdd.a‘ np sIfurous ui,d but
less {adout hal.f as zuch) mlfnr enters the noloenlc They agreed
with the two-stage sulfonation theory; -olu unonuoaio acid 1s
ﬂrﬂ fomt; thea thers is a rurrungomt of the mlfenic group in
_ the complex, with Whe perticipation of a Nydrexyl group, foming solu-
_ble lignssulfonic acid. With meshylated wood, only the first stage
Wl plass. The second stage is hindered by methoxyl covering the
| speeific hydroxyl group necessary for sulfomasion,

| Hagglund (29) fousd that lignosuifomic asid, both solid mad
Aleselved, has varylng sulfur and methoxyl content depending wpon
mosking conditions. High comdimed aoid gave a high sulfur content in
. 80114 lignomulfonis acid, whereas low combined actid gave a low sulfar
content. | |

Klason (30) believed that lignowulifonic acid is a dibasie
‘asid, mnd Shat ab low temperstures the moschasis caleium 1igmosulfonts
‘8814 is first formed. He (I1) further believed that the aoid exists
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In twe forms; the alphe-acid 1s that vhich is precipitsted by beta-
naphibylanine hydrochloride: the remainder, presipitated oaly by lead
mtm b Sermed the bota-nu. ﬂun $two acids, which differ
vlw u oalm', were ﬂmuht t. N chutuny ocombined in a ratio of
mzmnpu-ulp.nuu-uu. Klason (32) explained the
beta-naphibylauine precipitation of the alpha-acid as a trus aldebyds
adttion, pelating oub that sldstydes resot, while ketones do mot,
Be (31) stated tuat pentoses, particularly xyloss, are the parens
lignin abctnus. In waste liquor, 70 per cent of the lignia (m
alpha~a9id) {s presens as condeased coniferylaldehyds. 7The beta~
lignosulfenic acid eentains o aldahyde groups. Eigglund (34) thouht
that Deta-liguomulfonis seid 1s a degradation prodast of nadve lig-
ain, of lower molesulss uuﬁt. The beta~form does mot axied as sueh
in sprusswood bus is formed ia pulping; the relative amounis of alpha~
and beta-ligaosulfonis actd depend on the pulping o'ondit ions, The
Moulfite mi presext form an mtiwmtin qlﬁ- with the
original liguosulfonie asid, yislding gluconic acids asd beta-ligme-
sulfonis astd. He (g9) further stated that the preoipitatien of
liguesulfenic aclds vith salts, aromatic smizes, alkaloids, etc., is
essentially a saltiiag owt Mﬂl. The cooking liquer and ﬁho'pulplu
conditions affect the particle sise of the ﬂiulm acids and Shelr
presipitetion. Beta-lignesulfonic acid has a high degres of sul-
fonation and a lov methoxyl content. Half of this methoxyl coatant

Ls split off in seoking by sulfomation, oxidation, and hyfrolysis.

The loasely bound sulfur éioxide present in the liquer is mostly held
W the sugars, Wut part of the sulfur dicxide s ales held by Ahe
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beta-lignosulfonts acld. 4 high yield of alpha-ligmosulfenis seid
results fros low emhod -nltu- dioxide, 90 per cent Deing obtained
in a eook wiith rrn sulfur dioxide alons. Kullgrea (35) staded thad
there is Do definite evidence tha$ thers are two different 1igno-
muonie acids !.; smlfite palp.

Rigslund (36) concluded from \he values of \hs resotion |
constants that lignosulfonic acids are of uniferm molecular size snd
that tny are not polyvalend compounds but monodbasic suifonic acids
of low molscular weighh., In the solid phase sad ia solution they |
have a sizosg Sendeney iﬁy condenss with the formation ot hrm oo~
plexes. | o

" The peatosans and hexesans presezt in wood are the ou.k
_ sources of sugare in sulfite waste liquor, The oarbohydrates ia weod
range from simple sugars %o cellulose, i.e., tm water-soludls pely-
saceharides o ¥hose contalning 150 glweose unit chains; ui). are at~
Sasked %o some extest Wy hot sulfite asid in the digester. Complex
wugars are split by acid hydrolysis %o simple units; these simple
-m- fors -oaic and -uronie acids, form additiea compownds -m; -
sulfites, and breek down with the formation of earamel.

. The l!ﬂol-huur or 1b.w eeck, with uchr cukn‘
.t‘npon mumm-mtmmthlomrau
ailder lmnhrluh sook, The yuu of puly is m 2% 3 per
oent lower bedauss of the wmma attack oa un celluloss. The
soges yield h Cumm W A uo d hiﬁcuu-ﬁ nill, du S0 i%s
. streng oxidising of sugar. 7The m conteat of waste liguor reashes
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a maximon and theon decreases, dus e degradation %y the acid present
and $o0 exuiuéa. | o

| Imxuc m Johneon (w fouad $hat 12 por send of wood
lvdrolyui % glwcose -qxuulut ia tbe nm Zhareboy {38) won~
cluded that ths peatosans Ivﬁfol;u more readily than the m,
and that their w.mamon ie uau complele; carbon is the uul
prodmt Norman (}9) stated Ght e renovel of haniocelluloses mn
aulﬁto asid h effeated to o.hout the same degres as that of m
Hemicellulases and lignin are Delisved %o exist in some sors ot_ n‘;i-
ﬂioa, a5d solution of the heulssllulesss dspends upom the mmoot‘ ”
Shis 1iakage. Miller asd Swssson (}Q) follewed the *“"‘, of. mvn
of 1igain and cellulose, and fowsd thab the carbalydrate is remeved
wuch faster thaa the ligain. Ligaia rmm, therefore, i the con-
 trolling factor 4n palping. m 140 chhnd that tho pentosans:
in wood m very tnl.uut and remain nnmc in the pulp uwp % five
hours of the Svok, dth hesosans brnnu don ﬁrn. on tho o&n
hamd, Higgiund (22) found thed, after six bours, She disselved pento-
sans 1a the ceakimg liquor Tepresent 66 per cemt of the total sugar,
m;tmouotmmtmtmommp-rm This would |
indicate that the pentosass wmum faster Shan the m In a
study of "symthetic ligain® lulq%n‘ Barris (82) heated Cross asd
. Bavan esllulose and noted that the hexosaas are destroyed u-yl»cly
st 125° C., whereas the peatessns are only pertially chamged. Milles,
Swanson, sad Wn (21, p. 80-91) stated that sugar in the liquer
is due simply to asid hydrolysis—the more asid, the faster the sugar
1s forned~-end that additien of stroag seil %o a eeek hastens
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oarbohydrate removal wut retards the rescval of ligain. Haggluad and
Jehnson (4]) etated t2at s0l1d 1igaceulfentc aotd behaves like a strong
inorgaaic aeid (wulfurte um, in spite of {4s insolubility, aad
exerts sonsidaradle mnytto offect on the bymlysil of saerose,
Hkslnl (1%) bas done most of \e work o8 the relation of sugars S0
nmlﬁt« and the effeot of sugars in the aoouu prosess, nbm
(fiweose), mu, and xylose accelerate the decompesitien of - |
mmsmmmmzauuuwm same dagres. This .
thultmcmo romuu and ma.noa ie «nud ty the nnr-unlﬁu |
Om which acts as a mh‘ mt on dimlfise Loas or upo-
sulfonic acid. Fructose is mot mearly as sctive ia this role as are

She aldoses, His eomclusions wers dm'mhinny as fellows:t .

Stuple sugars plus hot bisulfite seidss
Aldoses (£lus0#s) ey glusenic acid.,
Ketoses s POlatively stable disulfite
' acids,
Bisulfite sugars :
+ dMsulfite e 1200 nlm, sulfuric acid,

- thiosulfate, polythionis
auids, and aldoais aciu,

| Riggland'e theory 1s that the poriion of the uau whieh
14 redused represents the beta-liguin frastion, 1.e., that nct pee-

© sipitated iy beta-nephiiylamize. The thecretidsl amoust of fresjml-
far and sulfurie acid Jrodused in $he above resotien cannct de dever-
nined., Ougar added %0 hydrolysing lignosulfonic seid prodwses a
Mighar 7is1d of boba-ligata.

. Routala (___) ooncluded that the urbn doxide produced 1
nltih wl‘ Dame m from. the hll“d.h;onto uhﬂd, and not



LT

ﬂil‘ the celluleose or the Ligain, This uoneludu is supported by

the fact that high coubined aeid gave 50 per oant more earben dloxide
thaa low celbhnd a0td, Birehard (}5) studied reladive rates of u.- '
rmm of nn\dcn by uxﬂto and comoluded that the mr "

pulp, the sasier it is degraded. Ootton was degrated faster then

wood pulp, which in turn was w faster than wood fhself. nux
"‘. Schuidd (w have studied extensively the degradation of sellulese
1s water with heat, Cellulose hydrolyses to glusoss whish is degraded
te humic asid. Mhn (31) agreed that the mw!c sourse was’
Gollvlose —o— (w0 —om  “mumtis soids.® Hilpert and |
Listmann (48) stated that the decomposition of sugars is a eonirolla~
e reaction, depending uwpoa She time, tiw imw, and the kisd
of wagar. Ghamummu are dagradsd at adout the same rate amd
fractose very wach faster. The elemeatery composition of the residue
1s \he same as thet of lignin, Ruskel (M3), writing on the ewdjest
of h-xuunluu, -usu M the pm.uu change on aging to nm-
ows materisl, Kilpert and n-n-u- (50) comcluded that the total )
beschweod lignin (beashweod $s rish in xylan and low in lignin) as
1solated Wy a0id Sreatment is & produst of he isslation precedure~-

' doatmuu of wt‘o material %o "uau! YW m-‘uu._

One of $he moet W variables ia slfite pulping s
the oe-puuloi of the secking ndd. !hi sormal cookisg aoid ranges
frea b 40 7 par sast of fies guifur mxm., High free sulfur di-
m«wumm. M mmquhu is st by the tempers-
tures of e ﬂgr tn fhe- m ystem (refrigeration is needed in
po—— n(lvm-uhﬂunl nrmtho! munmrmmtm
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- of meid storage ay-i.- nsed ('cmwlp).k

Sawusleon sad Kang (51), wrkisg wiih the glass electrods,
 ehecked Canpbell's Gomslusion that wulfureus acid does nob exish sdove
100° C. The pE ayprosshed meuirality sdove thie tsmpersture, dus fo
somplete 4iescoiation iato sulfur diaxide and water. The glass eleo-
trods can ouly be used a8 normal “lp.ﬂm, aver s n-uu range.
The best pupor oa th. mbjoot of tho o!tut of ltquor ee-poaltiu on
the rate of mm& uumrmtm h thni 4 GM, !clltu,
and Naass (52). M consluded that tho nonl‘ vate 18 & quantita-
tive fungtien of (a) the partial preseure of ks eulfwr uonu and -
(b) the pl. ¥his dlsagrees with Eigglund's theory (1. p. 219), They
alse found Shat uomud free sulfur dioxide comeentration does mot
alter the relative rates of sulfomation and hydrelysis. The yield,

Vo the same 1ignin contemt, is Sndependent of total suifar dloxids

' comnmun, bat she pil of the sooking liquor ts 'lqﬁm and the
tine 1s deoreased. Inoreased combissd silfur dioxide greatly tmpraves
the yield, ab the ssme degree of a-ummmzén, bt the time 18 in-
ereased., There is a systematic deviation from the fires order n- "
184108 that 1s $he same for my eesposition of liquer,

The comdined snlfur dioxide 1s very impartant in the oaoking
pmu. lr« asid penstrates faster thu base; tharefors, time is
Tequired for tebal meid p.mmm, -t witheut safficiend pens-
tm;oa the ceok will ura. A& portiea of the fres lignosulfonic aosd
18 neutralised as forned by She dase and goes 1n%0 solution; however,
an appreciable mownt remains in th ‘o9lid form, u nay be seen Wy
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the inersase in $he ash content of She pulp with cooking. Sugars and
caleium base liquor form lnchny ooluuo addition sompounds whioh
consune & portioa of the dass, TFor the same hpn of mwrmnon,
a higher comdined acid will give hubr yield, better defibering and
lighter liquor with lower sugar coxmtent; and a whiter pulp, whish ie
more stable de 11ghS, softer, and more absorbents the pulp alse bes
increased burst and tear. longer cooking $ime {8 required with high
comdined ..u; with higher lime and sulfur oconsumption. The ether
disadvantage is that exeess line pMptum on fiders, heaters, and
Slowpits, mainly in the ferm of the monosulfite. The ainimum combined
sulfur dioxide for safe use is adout 0.8 per cent, and %he commercial
range which has been used is fzom 0.9 %o 2.0 per eent, vuhvf.l. te

1.2 per &nt the usaal practice. The formation of lulfnm acid i

& normal oook is uuu; slight, sad the proalpluthn of calcium sal~
fate 15 uguctuo. Soda base has svery advantage over calefnm ex-
cept in cost. The aﬁuntqn are inoreased yield, streaghh, bleach-
ability, and less trouble from piteh and dirt. Kullgren (35) stated
that sulfur dloxide bas a strenger solvent actien on ligatn than
Miaulfite and sulfur dioxide have. Free ligaosulfesis acid is less
stable but more soluble \han its metallic salts; the sediwa seld 1s
mors soluble than the calciwm sald. Xullgrea thought that caleiwm
vase is detter for cooking than the seda bass, deceuse the oaleium of
calofum lignosulfonate cannot as dasily be roplased by hydregen fens,

C. COOK CONTROL

‘The color of ulﬁ“ Kquor s alnost nnlnhanr noﬂ Ii
ook oostrol, bust only as a correborative test. " The most comlly
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wbed vnrmio ia sulfite cooking control is time., Time is used to
compensate for differences in wood and wood condition, asid strength,
design of uauiu-n (sise, direot and indirect heading, ohip packing,
, _.to,), sud for shanges in Mh, whether due %o inadequate pres-
sure asd temperature control equipmeat or mechanical failures. On
the other hand, Swanson, Lang, aod Smith (5§3) are the cutetanding
expenents of what $hey believe to be & more rational systes, in vhich
the time of ceoking is constant, and the maximum Vexperature of the
ook 1s the veriable; this is used to compensate for all the other
_facters & imlnd. B

v !ho dotcntutin of th- oooktng ond point with time as the
vm.uo i- p«ubh w any ons of a half dosen methods, tut ssveral
are commonly used. Undoubtedly, those meihods which Beasure the
degree of lignification eve fundmextally most scund. The pulp,
rather than the liquor, hmmtplmtbmmosh degres of
cooking.

The tests which are usually ruz en the pulp nl_mqm,
@restly or isdirectly, the lignin content. The p-mngmt. fost
is provably the dest a.na nost 'ualy nud since 1 cmnhus well
with the actual blesshing nqnlr-ont and requires oaly 15 to . 4]
aimtes’ time. The cooking stain is olained %0 be as good as. tht
poumtc test n.nd requires at least as as long. Aotual uuohin
tests require %00 long a $ime, as & astusl liguia sonbent deternt-
nations. Nippe (53) im 1937 propossd a conirel test wiich detersines
the amoust of 1igain present by eddttion of Densidime lydrooklorids
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$o the pulp. BHe olaimed that the smount ¢f deasidine absorbed, the
*anine” mumber, sorrelates perfectly with $he Sieber chlorine mamber.
An importast peizt in conmsction with the Vesting of pulp in digesier :
conizel is the procedure for smmpling the digester, A few pounds of
palp sampled from a single point may or may not bo‘ representative of
the entire 15-%on ucutor.

, m othn' “ouut u c osiking digester is the 1liquor.
"x.anor mplu, mu palp -u-pxn, nsy 2ot be repressntative, bul they
-y e wiry coid. Mt&hﬂy when taken from digesters with oirew.
‘lating systems, Pulp samples are mot uaiform becauss of uneven heates
ing sod momuniform liquor; the liquor is mot uniforn bessuse of umeven
z...m snd dilutien by direct nm. The Gommon Sests which are )
carried out oz the liwr measure a variely of physical and cheaical

properties.

The total sulfwr dioxide oontent is mot oritisal, altheugh
At 1o aleays determined to cheok other evidense; The semdimed eulfur
dloxide content, uswally found dy the Sender methed, is mot oritieal
and s used %o show the presense of wnoombized base, The Nitssherlich
test, another test for umcozdined Dase, is still belag used though
dlseredited by Snan (55), Petterssea (56), and Zheredov (S1). BMireh-
ard (58) :m that the loossly co-nac sulfur dioxide increased Ve
" a constent value of 0,384 per sest, for sach of 12 cecks. He oon-
sluded that ¥he ceok wes finiehed as soon as the leosely conbined
sulfur dioxide had resched this maxisum, and that cook comtrel was
pessidle Wy this test.
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Seversl suthorities havs referred %o the use 0! the odor,
tmi, and -nouun as a tost of the uquor‘ Theee mﬂin are
a good imiication of she progress of the oook, bat -tnurunuon of
the tests has been aiffieult. Essourren and Carpentier (%3) Shought
that measuremeat of the hyirogea-ion uqnnsnun of the u«.’i 18
the Dest may to contrel the sulfite cook. Komsdl (§0) agresd that p
is important Wub etated that it is impossible to blow cocks on this
 test alens. ZThe oohsensus of oxnd;n today 18 that 1% s monmh
to measure the pi izsids a wmiftte digester. |

The 1ignin coatent of the 1iquwer has Wean measured ia sev-
ersl ways. Escourrou asd Carpeatier (59) sentioned a prosedure for
deternining the permasganste mmber of Vhe liguor. Rassew asd
Kraft (§)) sheoked the courss ef tumkhymmlnuotuu-

_ oess of beusidine hydroshloride %o the 1iquer, 'tth $tration of the
axosss nob presipitated by the ligneslfoais asid. Ralder (§2) i
1935 propesed a aew qomirol method in which he followed the coursse
of the w1fite cook ¥y presipitatien of the ligaseulfonic seid.
Hemalg (6 gtonauaf 1igain combent Yy She ‘vvo'llm of the precipi-
sate formed with Fuchsise, | " |

_ By far m moet cmm tmd prpporty of the nqnor

is $he solor. tio.uy cnr; .m om tho coler and up-u:
upon 4% mors or less. IM (ﬂ, }. 12-‘13) u 1’18, nw
sulfur dioxide bests, the Mitssheriish test, bleachiag snd nﬂ:ln‘
stain tests on the pulp, and stated that color, ehecking agaimst oof-
feo standards, 10 in. most prastical sad satisfactory. Pamlses (§9),
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Larrabes (66), sad Kiain (§]) all yecommended celer as a oritieal
test. Okada (7Y found o numi-n, Detwsen the initial poiat of
viscosity drep of the pulp asd the darieaing of She nw.‘ A% ensh
temperature a relationship also existed detween gl sad visoowily.
Tieury (§3) treated the liguer ssaple vith ammonis and methanol, £31-
tered off the precipitate, and then tested the oelor, Zherebev (57)
recsmnended the use ‘of the Hess~Ives tint photometer, as used at thet
tine (1925) in & Onn‘un -m, for a mmsrieal, repreducidle value
for color. Chidester (JO) used the Hess-ives $int phetometer %o
detersine the color ef liquor in order $o calenlate the allowable
ancunt %0 yeuse in the cook, Fhotoelestric coler testing is gradmally
ooning iate use, Freash pateas 729,513 (Z1), $n 1931, covered design
and umu.uu of a photoelestiric oell o arranged mc on oom~
)lniuofcmkalw is flasdwd, s horn is blewm, o r.nucnk
lown W adtion of a solenoid valve, Esuff (72) has pudlished the
only paper ea the use of She photoslestris cell in testiag liguer,

Pailure in sulfite cookisg resulis ia either s Tev or
urned cock, asd it §s $he funoiicn of soxtrol testing %o prevesh
}‘ Shese poseidilisties. A Dlack or durned o»i asy stan 059 ia which
the skip 1s mov therenghly penetzated and defidersd, resiting ia
blaskensd exterior and raw eenter, or one which is satisfastorily
‘dsfidered dut overcosksd Wy %00 high a Sesperaturs or Voo loag &
tins. The first \yps useally cocurs whea foo 1ittle time is alloved
for pemsiration of the chips, especially width woods havisg partiou-
mlymnmm !umwuzuuoumuthm
coabined asid, where the Base nay Veoome exhausted sad the ergamts
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solds presest 1a the 1iquor may Vars $he rematming celluloss and
b.i‘_iuhlou in the palp and $he sugars shich m in '-olnﬂn.,.’/ Free
ligaosulfonic acid $s as strong as silferie aetd. Oma (I3) stated
that buraing ogeurs when there is mo iugor an excess of sulfur &~
oxils above that mscessary %o fors Peulfive and thet wurniag &8
iadependent of lime contenV. The darkening ef liquor is a funciien
of pli, Goodwia and Birehard (IW) thought thal a dask sook is dwe %
Walnn of lignomifonie anid, caused Wy low lims contend.
naulmntmu (1% ouuutm;ms mkwommn
- solid IWonh asid s !qmlclﬁd % & soluble fora before 18 is
mphm; vau'outu. rmmx; sulfonated ug.n roudnu nore
7eaiily than Vhat whieh ie semplately sulfomsted. Kerlier, ha (I§)
had staled that dimulfite comdines 'i,th “m gcun Mowl eroup of
1igain amd prevests darkeniag (ehromepheric group developed from the
mhwl group on bursiag) only as long n n axsess of disulfite ie
pnnnf. If ignin 190 not aolplcw sulfonated defore the dase ie
oxhansted, & burnt cook is unavoldadle. During & cook, acidity re-
malns constant as 10:‘ &s base is pressat and u gases sre nlomt
Exligrea (35) stated that a burnt cosk is caused vhen free solid
llmmltonu acid is not asutralized by dass. The degrees of dis~
pmnamtu\ymuuu-m.umzldtn
11quor and the ratie of esloium to hﬁnm in the llwr. Broh-
ad (I7) uu that baraing can take plm 1 a voty fev aimtes, |
ronluu in a total lens or in a weak sheck with a Mgh Sleanh oen-
tu;ua. Mmlomun ma hnhc are dm to tho otf«to o!‘ uu
on hexosans, peatosass, muxmm. Mto NW\MM
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and tsmperature on aldshydes present in ccokiag liguor, nulu in
soluble resins. n- had p-ﬂauu (19) claimed thad uu liquoyr con~
Sains free alkall duriag $he latter M of the cook, If %k %otal
sulfur dioxide drops delow Q.1 per oﬁ“t-, free oaluyn hydroxide 14
actually present in the ligquar. The ddshyde comes uuly from e
lignia. Ligaowulfente aetd bas twe (ESO;) growps aad 18 etrongly
acid, but vhen only ome (m,) group is added 1% aote as an aldelyde
snd i condensed by asletws hydrexide Vo form bleok resims.

Vith insufficient Dase, Vuraing hes Desn sbtridtuted te
polymerisation of free ligmowulfonis setd. Mirohard (I1) dsaiet this,
claining that sulfeaic asids « a0 polmruo bud that .ucmm do.
He cooked 2.6 per cent of hmnmw-bu.—numo s01d with
uma mulfite m obulud a w stesk but wo dlnoloutm.
Two and Swo-tenthe per eent mtunuﬂvdo mhu‘ umhuun and
a strong resin oder, but the stoek was easier to dleash than burst
sugar-stained steak, Feutessns charred more easily with 2 per oend
of suifwric aeid than did hexesans. Both kel strong dye assion oa he
iver, |

¥he use of side Pelief liquor has bdeen ioui;om previeusly
1a conmsetion ¥ith the introdwetisn of soler imbe fresh asid. Prasti-
eally all mills use sids reltef liquer, as well as relief sulfur ot~
oxide gas. Side rellef starts ab about four to five howrs and son-
HLampe taotghttoﬁuhunmﬁmumthumhuwwnm
lof ‘he coeking acid. This relief liquer costaias considersdle ligain
and sugar. The censeasus of epinien is that the mee of mormal relief
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1iquer 1a 208 harnful and that it astually spesds up She ceok. How-
- mr, sugars presant are supposed $o ascelerate sulfuris acid forma-
$ion, and abacrmal sscunts of oymess asd Montlu affect the pulp
adversely. Ohidsster (]Q) mesd the soler as an indicatien of how
mash to use and how 1ste 1iquor sas be used.

D. WASTS SULPITE LIQHCE COMSTITURNTS

| , Johnsen and Hovey (2) covered the field of sulfite waste
liquer very Shorowghly wp %o abowt 1919. They stated that Rittes-
Ksllper 1iquer normally eonbeiss about 12 por camt of oraau and 1
%0 1.5 por osat of imorganic matter. ¥hs dry reeidus then conbaims
10 to 15 por sent of ash. ouucummconormma«-
‘mally preseat, nlytpor mt remsing in the ash, maialy as caleium
sulfate and sslotwn sulfide. Klasen (2, p. 16) sives the following
semaary of Vhe waste Frodusts ebtalasd per short ten of pulp prodwoeds

Ligain | 1200 1¥.

Carbohydrates 650

Preteins . g

Sesin and 7ab

Sulfureus asid eombined
with ligain

Line 3%

2520 b,

Irause (2, p. 1N) analysed sugars from sulfite liquor as

fellows:
Total wugars l.h'{ﬁ
Pentoses _ ' 0.5
Galastose . » 0.01
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Klason (2, p. 15) found thess sugars:

Mannose 0.526%

Galagtose 0.279

Olnsese - 1.68
0.90

mm»

Bensox and Partansky (J8) have said that the sugars in
waste sulfite 1iquor are all redusiag sugere and not polysscoharides.
About 10 %0 JO pr uut are pnt«u, the rest hunn, insluding
dsxtrose, levulese, and m

The Mntpd eonstitnexis, then, are eslciva lmbn;la :
fonie aoid, nrbolvdnln, sd fnorcaaie Lne salte. Al Ahe rest
are preseat in small qnnuun, 12 ot all. The conplﬂo'nat of
all substanoes npoml in nlﬂh waste 11Wl ie prcumd h m
following table: n ‘

Lt @ o
SN T K s e --,2"5

1te Liguor Constitnent

Co W’: : ‘ ' 00,
Oa(K803), or Mg, Ba " Frees
g0y

m o 5{, 7o, AL

!Mow.u‘aﬂa aaid
Dithionio and ptmunh uu-

2. Organis

3. Ligmesulfonic asid, frem free asid %o mome-

and dicaloium uluz with ) %o k 503 growps

poxr ligain molecule, in all siages of poly-
Muiion and resinifiostion.
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Wasts Bulfite Jdquer Constitwents - i’m

1 m

(1} Bexosass--mamman, glusans, tmm, galaotan,
‘ and the simpls hexowes, mennese, Sto.

(2 Poutouu--yhn)aﬂ araban and peatesss. |
(3) Acids from above sugars, -onlc asd ~ureaie.
(4) OCa salts of simple and higher sugars and
avids !re- mgare.
2. Sugar degradatisa produstis--mumic asids and ur-ol

4. Small smeunts of:

Jornic, scedic, oxalie, swesials and umq scids,
Farnaldehyids and anttaldedyds.

 Furfural, metiylfurfusel and Www
Methyl and sAlyl aloshols.
Agstane, cywens; turpsating, eclid terpeme doohol

u- seaqui-, and pelyterpenes.

rnm.mmu aa apntmtnmc uu-
Proteia , ,
Fhonole

. Rosin and Lab _

CYeafilta . SR

. Sulfite liquor hnhm S
Borneol .

. THR COLORING NAYYER OF SULFITS WASTR LIGWR

There exist a great Gsal of experinsntel date peintisg oud
thet wood comtalans potentislly shrosg Mﬂu growpe. Orgaais
ohromophorie greups are direeily due to Mmuoa, and ths greater

the MGfm.tiol, the mm wil) bod e m'l ab-
torpt_in of some part of the mmp spestrum. All organie sompounds
adeord 1a the witravioles, m osly the highly mm sonpounts
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absorh visiMle 1ight. Simoe the umnn sontent of weed 19 megli-
&ivle, ‘t)u goler st be attributed %o ayclis unsaturstien, asd $o
the doudle hoads, carbon Vo oardgm, end carbon to cxygen. The mumo~
ehrome greps of hydrexyl, methexyl, aad carbexyl are all presess,

1a suifste liquer Shere is, 1A addition, the suxochrenic sulfenit
aid graup. mmamwngw tmzammm

. of the mnueuxmthrauw, sinde sulfur dyes, Shotgh of .

‘mmm, are mmautuomnm ssame a3 Nﬁun&
mmor mxu-anowmmnmmum-
. matic amines or mmmm.

!ho potestial coloring materials M in sulfite uw,

' shea, are lignosulfoais aeid, carsmel, furfural, seilylfurfural asd
hydvesyneihylfurferal, and the simer weod constitusntes mueh as waler
and aloshel-beasens selublé materials, All isolated ligain and lig-
ain sonpounds are colered. Irmns (J9) has preparsd metive lignia
méh is & very ncht oTeam Solor. Other isslated umic a¥e golored
1a prepertion to ¥he changes and dagradation Ssneed by Ahs severity

" of the Leolading provedure. Seluhls sodlwn 1ignin sompounts wch ae
mmmt nuumumnu:um-m oelered dark browa.
Biml\nﬂm acid and £0s salts are dark browa, 2w depth depesding
greatly upen the seoking senditiens. TFairly 1ight solored salotw
laaosulfonic aaid nay de isclated before the lupnntm hu sxsesded
125° 0, liguosuifonis scld walergess a clasge ia solor frem yellew
1n sald solution %o dpepsr orangs oF red-browa with alkeli. Kiag,
Srauas, and utbm (), among others, have noted this change and
sado use of tae 1adtoater aotion. Hirase (£)) Goternined the asidity
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1n selfite 1iquor Xy photonstric Vitratien. This gelor shift vith
zl is & true fadicater acticn, and is $he resuls of replasement of
asidie kydrogea Yy metallic iom, with remulting molecular rearvange-
moat of the aromstic msleus, scaparsble perhaps So that takisg plase
in MeShyl M |

There has besa wuch researsh on the wliravioles absorption
spestya of various lignia preparations, d,l in attempis to determime
Al shructure af ligain, Hersog and Hillmer (§2) fousd fdextisal
absaypiion curves for sulfite waste ligwor, techaical ligmosulifonie
asid, npuglmnueu- asid asesnding o Klason, issengenel,
soniferyl aleshol, asd coniferyl aldehyds. Algelusd and Kling-
stedt (S1) pudlished the curves for amyl amd metlyl ligaias amd cal-
ciwm ligeesulfonate fyom several -nu, isosugene)l, and eeniferin,
and chotked Horseg and Hillser's comslusiens. amo’w ond Vaguer (B))
noted a r»-'blm tm-n uu nmmun pecien d m- igoin in
several solvesmts, M coniferia. Stema, S.b md Barris (§3) found
o definite uffm wtnn hard asd nﬂma ligaips. Oaleiwm
1igassulfonate gave the sharpest maxina, Hachihaine amd cowerk-

(ﬁ) discovered a similar definite differense detween bagasse aad
sofswood lignin. The absorpiion Mm of degases ligain reswmbles
thet of herdwoed ligainm,

Certain staining u-coauhmmmurmmn
Sesting for ligain, Practically all asises and phenols give a golor
reastion with ltnh. The question shether or not the color s due
to some eharacteristie growp of ihe Ligain somplex e %o some minoy
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constituent has besa a controversial webjest for years. IMiliips (§7)
has reviewsd $he literature and cencluded (p. 10§) that ks ooler ye-
actions are probably due to comiferyl alcehol.

Viohelhaus asd Lange (§5) extracted weod vith superheat

stean and edtalned yrodusts which gave color resotions similar %o
those of lignified wood, Ons fraction, which gave a cherry-red pre-
oipitate with phloroglneisel-hydroahloric seid, wes Showght to be &
cosdensation product of ketofurfuraldehyde, derived froa hexose
material. Singer (§3) considered that the oolohun}m. pessidly
e %o vaaillin snd comiferis. Onapek (§0) 1sslated *hadromel®
digestiag wood vith stannous chloride and oxtmun w resiive with
bensens. 'wﬂummaunmummun substance
=elting a¢ 70° to 80° C,, with p»mnc and amuo pnporu«,na
" 7eadily gave the v-rhu 1ignin sdlor mﬁm. Betfastster (§))
snd others have shocked Ozspek and resochsd the conclusion that
*hadrosal® is fdextisal with coniferyl aldedyds. Grafe (32) cen-
sidered "hadromal® a mixtwre of vaaillin, methylfwrfural, snd cate-
ohel. m, Grafe prepared Ms "hadromal® by extrastien of m&
with 10 per cent hpdrechloric asid or by healing with waber uhr
pressure ad 180° G, tor one w

| Anong those nwag with Csapek is Podbresmik (93),

who stated Whad $he color reastions of ligals wers dus malaly %o
"native® ligain and not to methyl pentosans, vanillin, coxiferyl
alookel or Csapek's "hadromal.’ Zxirasted ligain and oxidised ligais
£ave the same veactions as lignified tissus, Campdell, lrjnt, and
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Swans (34) found that the ehlorine-scdiws suifite Solor reasiion
£iven 7 wedy S1asuss §9 aleo given by hot and cold vater sxtraste
of wood and sven by 0old water exirasis of iselated lignia, They
consluded that the reaction ia mh.uy specific for phenclis dodise
sontainiag the 1, 2, 3-Srikydrexydensens musleus, suth as sxists in
tannin or prregallol,

Evidance has M presested to prove that thers may be
!Qhﬂﬁly nhyll mtmutod Coupowl pl'”‘nt in md M lignain
- whieh are umuwo tor th -mmg mﬂam vlm m»., phenols,
‘m homu reagents. !mo m-tu lnul.m qudoan( keto~
farfuraldehyds, ummmni ‘veatlltn, mnm, coniferyl aldeliyde,
and phenolic bodies containing $he 1, 2, 3-Srikydroxybensens muolews.
The dissenting imvestigators insist that the -u;- ligalzn nolecule
Sakes part in the stain reastisa. 7The elemenis of tho/md, and
lignin molesunle, which nﬁr the staia reaction ave ytohur m same
unsaturated groups er eempeunds vhich are respaasible for all lignin
color, from that of iscladed ligain te that of ligmosulfonio asid.

The furfural f:aﬁ: of co-pmnn. are frequently mentioned
in umﬁon with both lignin and caramel ssler. Penteses om asid
degradation yield furfural quantitatively, imn. hazxoses wvhen heated
‘with strong astds undergo scaplicated reastions vhich follew mo
single definite course. JFursn and fursa dsrivatives are prém Yy
asiad mua of hexeses, through the dicarboxylic avids. Metlhyl-
mmnawmwmmmmmmmuumm
dation of hexeses My acids. Caramelisatioa is a Serm usually applied
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%o the process of dehydration of dry sugar by heatiag $o abems 100° O,
Among the other produsts of deoemposition are cardon dlexids, fors-
sldakyds and asetaldelyde, forais and asetic .uiu, and ssrolein,

!'b m residus, known as manl, bas a slight aold resotion, anmd
is s shrong dys. 3Brewne (95, ». h&?) stated that one myt of seocha~
ran in 10,000 parts of water 9olors it a desp browm, which is iztensi.
fied by alkall. Ton and Leuag (36) Sheught thab caramel was an ia-
dlester, with a coler change in the P rangs of 5.6 to 6.6. The
redusing pewer of carsmel from varieus sugars is propartiomal o the
amount of sugay 1aft undegraded. All of the commercial tests for
carsmal from hexoses (4a boor, vanilla, e$6.) are bassd on the coler
reastions obtaimed with uum or M m- on $de hydroxymethyle
furfural shish is presest i the earmmel, secording %o Josst and
Molinski (37). Oarizo and Tosomotti (3F) fewnd that the smowst of
coloring matter produced from suoross was wwch greater than that from
Qusoss, Xwieolnski and Merchlowski (39) agreed snd from their werk
{n the ultraviclet decided that lsvuloss and dextrose oould mot be
the oaly produeds of iaversion of susross Wy 0.5 ¥ hydrochloris ecid.
Later (100) they found thad metlylglyexal, a degradation produst of
ﬂuoio and o likely impurity ia sugars, m-u prosounced selective
sbsorption in m ultravielet. Ookn (10]) has pudlished She speotral
Mpﬁca curves of a series of glucose glasses, rad.u from white
So dark brewn. The glasses show fla$ tranmsission marisa fius 580

to 640 millinicress, with a shift in transaission maxims to the red

ond with ingreasing oaramelisation.
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Taneka (102) has studied the sonstitution of salydrosugars
and the action of superheat stess in degraiing thea. Ankyirosugars.
hydrelyse with water mptm st 100' e, tmu lvnmnm.
mmdmohnxyum«wm»mm while th-gﬂdtu
nht!u dosreases. Tep sath nnrln ;hunpum prodwot resembling
chitose (2, S-anhydrogiusons) is forwed. Thermal data and the simi-
larity betweea the absorpbien apestra of chitese asd hydroxymethyl-
furfural are advanced as proef. |

Pentosans and pentoses when heated with ssids yield fur-
fural quantitatively by splittiag off water. PFurfural is a colorless
1iquid, which, however, polymerises readily $o dark red sompounds,
particularly with heat aad 1ight. Furfural uadergoes the bessein
Sype condensation, which may be st least ons step ia the above poly-
merisation. JFurfursl forms deesply solored compownds with amines and
phesols. The coler formed with aniline, eds., is the basis for
‘qualitative and quaatitatite tests for furforal, while the presipi-
tation vith phloreglucincl is the standard questitetive Sest. The
presence of furfural, furea, furan dsrivatives, methylfurfural and
hydroxymetdylfurfural, all forming desply solored polymerisation
produsts, in the produots of uu degradation of sugars is the mest
ctmﬂuai olus %o the identity of She coleriag material in carsmel.
m(mynummmrm«mawumnm
iltnvsoht absorption spestra of glucese, manness, and aradinose Wy
cemparisen with the absorp$ion speotrs of furfural. All ‘these com~
pousds, whils colorless in the visibls, have sharp maximes absorption
bands ab abowt 320 millimispens, Xareussen (}0}) washesized lmmia



 and umio ssid by heating furfurel with hydrcchloris seid. Dark
red-browa substances were s¥iained, which sould be separated iate
aoide and alkali-seluble frastiens. Hurd and lsealour (ms) ehosked
lmnn, finding that furfursl is dsetroyed whea refluxed with uu,
with $he formation ef polymsris, highly somplex kuminw, charry-red

1n celer. Iylose ylelds furfural much faster than arabiness. They
ales stated that the formations of Apdroxymethylfurfural frem hexoses
sad methylfurfurel from metlylpentesss are exactly analageus to the
dadyiration mechanism of the forsation ef Surfural frem pentoses.
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BXPRAIMENPAL WORK, DA®A, AND DISCUSSION

A, OHRMICAL AND OPTICAL ABALYSES OF SAMFIRS OF LIQUOR TAXEN AT
!MWII&WMW

1. mammw‘

Canadian Plask spauos was used Shrougheut the first phases
of this study. This sprube was susear cut thres memths previeus to
baricing and ohipping for use. ¥he physical properiies (an averags
of six sticks) are mmmarised in Table I. ‘

TARER I
AVERAGE WOOD DASA
Age in years
Dismeter in inohes

Density ia peunis por ouuo Sond
Porsaniage of moisture

YRa%
WVnd

81x G~food stieks were barked, ekipped %o }/‘i—iuh ehips, soresmsd,
-u-ammw:. and stored ia dags ha-ouhrnucfmtouta-'
nise moisture lcll'

!htouovtnmwomuahnhlnmnmn. A
nwmradeundmaﬂm»”tmmuﬂ
 staialess stesl digester, which vas equipped for 1fgnor cAroulabien
and: hunot steem beating. Coocking acsd, prwnmmuaa.
Justed %0 6,20 per comt fres aad 1.20 per cent calotwm base ecabined



-dh .

wulfar exide, was adaitted untll $he liquid level §n the digester
was one inch below She top flange. The quantity of aoid required was
msasured. The weod-liquor rable is very imporsant in a study of
1iquer ooloy, ;nrtinlpﬂ.x when the solor is used in oook control.
In $ais fizet phase of the work, dowever, the four cocks made were not
cheek coeks mum—»m nade fo: hp)d Wha walsliduor ratio eoa-
AMer sharging the digesher, vhich belds about 6000 grams
of sveniry weod sad 25 1iters of seld, ¥he cever was bolted on, the
oirculating pulp started, and the stem iunﬂl on.» The temperature
and pressure schedule showa in Zable II was used for all ceoks, x-
owph Cook 2. Osek 2 was carried $o Swelve hours and wes dsliderately
 wursed. ALl other essks were made at \ke nermal 10-howr sehedule,

PAMLE IX
GOOKIEG TEMPRRATUNS AND PRBSSUSE SCHSDULR .

, Tenporature, | Pressupe, |

’:: 00, 1v./eq. a.
o ] o
3 110 —

1 o | -
9 —— 75
10 ) | %0

!-m rises are linesr,
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The 75-psand maxiwem pressurs was resched im Ne3/H howrs
on all nooks and held by Sep relisf to the ainth hewr, when (ke
1iasar hlow down %0 50 pounds was started. |

v Liquor mamples were takea from a valve ia the eirculating
s, Ahrough a 0ol of 1/M-dach eepper tubng sooled Wy ice water.
 #wo hundred cublc ceatimeters of liquor st less Shan reom tespersture
could be drewn off per mimate with me appreciable loss af free sulfur
dioxide, The terms “liquer” and Sgulfite liquor”® used ia $his ine
vestigation will refer %o ssmples of sulfite cocking iquor whieh were
withirewa from the digester iu he interval from s few hours after
the start of She digestion to the emd of tho osok, The atromg fresh
liquor which was added to the ohips at the start of the scok will be
Teferred to as “fresh sulfite liquor.’

Aftey Viowing the digester, the 1iquor was draived off snd
the palp was sovered with fresh hot water, agitated vigorously for
£1f%esn nimates, drained, asd again covered with fresh waler. The
stook was agitated for two adiiticasl S-aimts periods, finally
drained, soreened, sad pressed for sterage wnbil the desired Vests
-

2, u.msm Procsdures
a. W The 1iquor samples tsken at 4n-
torvals in the cook wers tested u-ou.my for -poetnl \ranmissien

" 1n the resge of HOO te 700 millimicrens on the General Xleotris re-
cording epestrophotemeter. The sesples as dvawn from the digester
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were free frem fiber and dirt, Bud 4o lasure unifora reswits all
sanples were f1ltered through a Goosh erucibls with an asbestes meld.
This method was chosen on the grounds of accurasy and ahplio“y over
She. al.tmum of tn.tu'h. shrough filter paper er of nnmwu.
The olange in matnl mtum ma that of the original uokhc
1iquor was -pmw ohs per ceat higher Mnm syer th-
entire rangs, for all shree utw m- Mnﬁu mg s ssall
amonnt of neutzal solored mponua -.mm m m mut.

The absorption cell used was Eimer. asd Anepd Noi: nm,, |

30x20x5 . inslde dnsasions, U-shaped, with & ligiid thiskness of

5 mm. Twe matched cells wers used with two matched nagaesium carbon-
a8 dlooks, the entire system giving 100 per cent transsission foy ‘
d1eti11ed water over $he H00 %o 700 millduicron rangs. In practice

the instrumest operated ad a roproduoivility of & 0.2 per aent tr-u-. ‘

nission,

Zhaozy! 1n hewogsneous translussnt sebstanses the Light

sdserpiion depends wpea the nmatures of the ohremophorie --Slulo, the
sonceatration of selute, asd the Shickaess of the liquid-abeerdiag
layer. If a leger of l-om. thickness Sraneuits o frastion 3 of the
‘incident light, a th_wuin ;‘at’ the material will transait $he
fraction 35, sad the Sabensity of light tramsaitted will e [ = J 4%,
where ], 16 the ineidest intensity. This mey Do writtea l = ;‘,;n,
where K, \ha sdsorptiea coaftiotent, equals (log, (1 /0))/z . Ia
many eases the addorption coefficient of a solution is propertiomal
" %0 the comsemtzation of $he solute. Then the absorpiion coeffisieat

L TP«;"'I
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may ¥s written k = 32, where g is the comcentration and 5 is e
absorption coeffiotent for wait comseatration, Ths transaltlance il
than gives by the .«.mu.y;..,-a.n, {n which fora it is
knova as Beer's law, Using valwms of the transmittance ocdbtained as
dssarided above, the absorption cveffistent k was celculated from the
oquation: k = (leg, (l/!))/g, vith 2 upnuu as a frastion { 25 per
cond ms 0.25), amd where z is $he thickases of the liquid layer of
the gell in centimsters. The actual measured ‘thickness of the esll
‘was 0.524% ceatineter.

Colar is measured as the spectral tranmmittance, $.0., the
percentage of trassmittance of mopoohromatio 1ight over the uula(th
raxge from hoo to 700 »i1limterens. Pracuuuy, however, the trans-
-znam nlm m ommu Se ‘Morpﬁn qnumonn, end the ad-
sorption -yntn- is weed m of \he direct proportiomality of
;hurpuoa mtﬁohn- to ennntntm of ohromophoris mntuu u
solution, m Mrpnon spectrwm is obtaimd by plotting ; against

wavelengih in »illiniorons.

¥ith a solution conferming %o Bosr's law, consentyation
changes may de saloulated from the adsorpiioa eafttcto;h. hen two
or more substanves are in uohﬁon, the meneshromatic adsorption soef-
ficlens is the sum of the several imdividual adsorpiion cesflicients,
In somplex solutions, such as suifite liguor, the relstios of ah-
sorption cosfficients to comcentration of chromophoric material is an
~ anelytical toel.
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- Another mesful trsatmest of abmrpiion spsstys 18 M8 plofe.
t_tu of log k agatast mhul_hvii nillinicrens. A series of u-‘
luttons of & solutien obeying Beer's law will give en suth a graph a
family of vurves of exaotly siailar shape whioh may bo made fe f1% esck
other Yy translationsl skifte. Ehis 'mloliu' uhit pouhh the
" tdentification or dlfferentiatien of colored sudstances at various

aoncenirations,

| -3 Chamisal amalyves. The total and combined sulfur fiex-
" 14e contend of fresh sulfite liquors wes determizmed by \he method of
Falaress (10). The tetal sulfur dlexide ia the liquor dariag $he
ecurse of the cosk was alse oblaised ly the Palurese methed, Wb ne
atbampt vas made Yo deternine \he ocabined mifur dloxids after the
QMQ! thoﬁcuﬂnl. mgw-mmnnm
Sameron glase numupam !hprmnwtmtrm
‘Denson (J5) were vasd for Vhe deternination of totsl solide, adl,
Yiwe, cmtnmd(tmdmmmu) snd furfural,

The ugmnltontt adid centent was ut“u‘ Y pﬂem-» ‘
! tatien with 2 selution of bensidine mmumu, rathe? Shma the
Wtwhnlu mum« used by Partansky sad l-nn. The
Meusidise solublen was preyared sesording Ve Zaseew amd Krath (61).
The 1deal sgent for m in this conneotion would effest quantitative
uru'nndn of nm:;d Mﬁu in the liquor Wy ferming an
sasily removadle miptMo with the uau oconpounds present ia the
nmr. There 1s ne {deal agent, amd bom&d’.u wmmmn was
mun as the mt suitable. letallic unl, m as lead asetale,
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precipitate carbehydrete and carsmel maderial as well as ligainm, and
the precipitates are diffieuls Vo handle., Organic compousds, such as
Pachsine, quincline, alpha- and bota-naphthylasine, and beasidine, do
not effect quantifative resoval of lignin, tub the precipitatien
producte oan be filtered, and sugars are left in selution, exoept for
a small frastton whish may be emirined mechanieally or sdserbed en
the Walky puupxuu. MM hmomrmm n mtm ;uo-
advantage in thad imorganic nl.tu” ad sulfates are prnipttnm com-
plotely with the ligain nnpouh lﬂnm, the nlfat« were assumed
%o be presend oaly im negligidle quuuty, and the tulnm wore re-
noved as u-phhly as possidle dy additien of Mmahhuc acid and
vaswm wmmhn defore precipitation,

#he exaot mechanism of $he preaipliation of caleius ligne-
sulfomate Dy smime hydrochlorides is s¥ill unknown. Reference is
again made to Vhe plomsering work of Klason (3), 33) in which the
forsabion of a yellow cyslic sald of alphe-ligomilfonate with beta-
aephtiylmine was taken as proof of the sxistense of an mmn- |
growp 1n the ligatn aompound, bessuse aldehydes condense with the
asize bub kKetones & not. A white pmxw?.si was first odtained
whieh changed %o yellew on Meating gestly, Affer tw daye of heating
glucoss with beta~maphthylanine xumuouu, e (32) obtatned a
slight precipitate reswmbliag peal. he opmpound oould not do
asstylated or utwm, and 1% decompesed on heating, There is no
evidence 10 show $hat the presenss of the asine was nesessary te ob-
Sain Shis produst, Aradinose and xylose gave sinilar products, whish
aTe predably analogous o thoss odiained Wy several investigaters (1,
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%, 102, 10, m), wmmmnmuu.m mmm(mz)
dleagrest with nuu'u Sheory aad unum that e ligemlfonie
aeid, waich 'mnﬁdnm#ﬂ“m (7)," forus & Xisd of
Wtf 'l base, nn,s ) W (1 8 °m.7 mn mmuwm in aeid
'nmlm. &m (nl) e stated thet m pnupnumn product was

a sisple salt. noré. -1 lhu (LQS) agreed with \he simple salt
Ahsory bessuse of the a-upomm of the precipitabe By alkalies

and ¥y pyridise to liberate beta-saphthylsmins, Eagglumd (29) Shought
that the precipitation of caleiwm lignesulfonic acid Wy salls, aro-
satis mines, and alkaleids is esesnbislly a saliisg out, with $he
amount salted out depending meinly o cocking conditiess; 90 per cemt
was precipitated by beta~maphihylasine from a cook with sulfurous acid
seataining 2o base, Dorée and Hall precipitated 36 per cent of the
_Soiq. ligain from the same Wype of 1iquor. }-

The latest and best work sn the saine precipitatiens is that
of Wipps (1JD). We prepared thres homogeneous prednsts frem sulfite
1lquors by sensesudive preaipitation with sodinm ehlorids, alphe-
asphidylenine in wulfurous asid, and beasidine Mydrochloride. m
homegeasity of the tmmmutmmw (o) mﬁ. lwn-

‘gen, methoxyl, ‘Nydrexyl, salfur, and sodinm conient, (D) the stoichio-

sstrisal relatiomships of \heir Solussesulfonates and phenslabes, nd
(g) \he constansy of ssid MQMI, from differest liguors. This
414 a0t hold true for m, highly heated liquors 4z whigh dscompe~
l‘ﬂ.@l and cleavage of nth had started. The miythhq with
\he amines were purely salt-liks with a0 evidence of oyclic union e
condensation. The alpha-saphilylamine saturated ealy ome of ke thres
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m-:; uu mifoxic esld greups on tho 1gnin satd, but bensidine
saturated all $hres. Tiw hensidins salds are yellow green {a ulhn
and red in asid solution; $his oolar _Mo pointed to smolate for~
masion. Mippe (5%) based his comtrel method for eulfite sooking u
the empirical finding that one “mele” of ligwosulfeals aeid (molosulsr
weight N85) comtelnisg firaly bousd sulfoals e0id grewps is capadle
of taking up mﬂnﬁo&r four seles of hensidine, |

The eonelnsions of Fippe eenesraisg the homogezsity of \hs
precipitation products of mises with 1igmomlfealo soids agreed vith
the previeus werk of Klasen (111) and Derée and Nall (309), demone
stratiag constansy dmuttm'ﬁ slenental analysis of the pre~-
Q!.pihtu.

e presipitation procedure adopied for this ;naitlation

was as follows:

Teeaty-£ive cubls Semiimeters of liquer wers pipetted imte
a 125-00, swstion flask, and sustien wes applied carefully teo avp“
mlwtomic. The flask was warned gently uatil a’ufrﬁ sulfuy
dioxids had besn remcved; 5 og. of dilute wwmru aoid (ns)
were then added: aacuuum-ppnum varning to adeut
35° C. on the waler Bath, This jroeedure removed all sulfites, The
solution was tmd‘u'nd quantitatively to & loe»ce beaker, using
as mm wash water ad yuﬂbh. ' ‘The ﬂnl wlhc -mu ny mui
25 cc., provided the a— nmi.tton pn‘lol u lou w :
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Twenty-five cudie sentiselers of demaidine lydrochloride
(M grams per l1iter) were added, and the mixture was ylaced on a
water Bath just long emough (about fifteen simtes) to ocagulate the
preeipitate into a rod., stisky mass resemdling chewing gam. The
presipitate became very bristle oa cooling, and after pulverisisg
with a stirring rod it wae filtered on s weighed 103 Jena gmm
glass grueidle. Occasionally the filtrate hai %o de refiltered
through 'ih cake formed, im order to clarify i%. The precipitats was
W with %0 oc. of distilled water, im small pertions, alr-drisd
for tweniy-four hours, &ried ad 10%° C. for thres hours, asd weighed.
The fresh precipitate was slighdly soludle in water, and caly emough
water was weed $0 wash 1% fres frem aotd.

| The filtrsde contalns She Wpugua lignia, the carbe-
Kpirates, some of the calering meiter of the original liquor, and 428
emsess densidime. The densidine was presipitated by addition of 5 ee,
of ¥ por cost sulfuric asid and removed ty filtering. 4eid precipl~
Saticn was used in preference $o Yhe alkaline prmwt of W
and Beasen, which gives & very difficullly filteralle, flecculest
precipitats, |

‘The filtrate contalsing SM m:cﬂ'l m llhtd o !56 os. |

in a nlmtru flask (1110 on Ww olklul um). and zs-o- m
tahnfor\bnhﬂummpm.hnc&rmﬂm- :

son (w The cupreus oxide wes determined by retustion of the ferrie
sulfase solution and sisration of %he latter d@h yomw- POTRANSM~

_.".o'
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he methoxyl nntut of dried Sotal ooudn and of m
beasidine preeipitate was deternined by Institule Methed 18, a medi-
fication of she Seisel procedurs.

" Sugars do net form a precipitate with heasidiss hydre-
ablorids. Glweose, mmaees, galastoss, levulase, aradimoss, xylose,
o0llobione, and suoress wers mubjected $o the adove pmnm, and
the hesting was preleaged uatil the wigars burned, dut me presipitate
formed, W‘tlﬂl, the M uifite Noﬂl“ 11(‘"?, inorganie
sulfites, and dolleidal sulfur € mot mylﬂ!ﬁ'd sclution ia
the procedure wsed here. Glusese solutioms in fresh sulfite liquer
mommm o she denzidine precipitation pm, and the
 ‘giucose was Yesevered qusntitatively. The sugar adsorbed on the twe
presipitates formed was negligidle.

3, The Coures of ¥he Sulfite Cook
Jour sooks were mads en -pm, using the nma oondi~

Sions as suSlined, The first was purely qu:m-rynum, aad
mmmammuwuumwmm

data eddained. The four ecoks wers net idemiieal; there were nw"

variations ia nukt d’ wod sharged and in volume o! na'ur m
and !uhdmn, whieh mma the adsolute values odtaimed i the
1iquor snalyses du$ which in mo way affech the validity of the re-
salbs. |

8 Cosk ). Mlmﬁuonmmudmpc (oven-
&y equivalent) comtalning 39.9 per oent moisture, with 26 liters of

, e
N ‘L ‘4“" .



. S5h o
o, thiittnui curves are shewa La Figure 1, and e m
of log k acsinet wavelength are given in Figure 2. The values of the
absorption cesfficients (), st 20 mws intervals are given in Table
IXIX 1a t3e appendix, Tadle 111 gives the results of the ehemiocal
analyses, whieh are graphically preseated in Figure 3,

The aourse ¢f the 000k as shown by the above eptisal and
chemical analyses is as follows:

The spectval \rassmittancs desreased steadily with tims,
sheving s steady inevease ia conceatratian ef coloring material ia
solusien -ua,'m, inoreassd very rapidly nesr the emd of the
scck. 7This stealy inoreass was mot trus fer all wavelengths. It

wumtmmamtmm.aw reversion fyom
shres %o six and ope-hall Newrs, ;am
misrons. Ueler fermed at three hours (11.0' 0 ) was evidently do-
stroyed during the mext twe or thres, Mﬁh!MtWo
the colar again inoreased.

'¥ha character of Vhe ecler (hus) showed a gradual change,
a8 may Do seen in Figure 2. The log | ewrves have a marked curvature
for early liquor samples and gratually Yeoome practically straiehd
1ines as the owok progresses.

mmodmwmlymmmt *he eon-
sentrsdion of celoring material is not being measured iy deteraination
of suh comssituents as Votal selids, ash, 1ignia, wagar and furfurel.
ﬂi rate of insreane of consentretien of thase constituents in tbs

» frou M0 $o. m aune
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ANALYSRS OF LIGUOR SAMPLES FROM COOK 1
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1iquer 10 eatirely 4ifferent fom hat of the cancentration of the

ooloring nim. a3 neasured W She absorpiion coefficient k and a8
Allustrated by unu 3. The mmz» of the major uuutmm'
mmamst aine to tnw-, vhareas thnntooth—
crease of eoloring unrtd concentration is very fast al Shis stage.
Inassch as the oom st r-mlt from some o! these major nuuw
ents, the Mun -' be made that umn or BugAr or both, i s
small ww, are dagrading %o form HMghly colered material,

imralnhucn hpmmoulm‘neuotm;-mm |
nade on the Basis of the above disouseien. The m.muum of ash
and mq.u oxide contant were disoarded as irrelevant to %he color
prodlen. 7The dstersination of oxygea eonsumed from alualise parsangs-
mtn e -1umm Mu 1% i3 a comparatively muiiduhry
prosedure, nul the results p‘muu the total solids m.. The fur-
fural determination ul dissarded from a consideration of the Liquor
senstitusats and the Myuul M‘ The porrect deterninstion
of mmm in m ulﬁh 1iquor is 8ifficult Lecausse $he peatosss
.nl asid in the boiling mixture produse addisional furfural daring
the distillation. '

1 m'memwummdaﬂﬁ (oven~
a7 squivalent) somaining 9.9 per cent melsturs, vith 3 liters of
liquor, This cosk was carried te twelve heurs, tims &eliberately
mmobam m)mu-numsish‘1m»hm
muu of the dnth. l'ln wtmtmnaths. ourves and the




-60 -

leg ¥ curves are presented in Figures ¥ and 5, respectively. The
course of the cook is representsd Wy the curves givea in Figure 6,
which are based §n the snalytical daSa found in Table IV. The ab-
sorpsion ovefficients are givea in Table XXX iz the appeadix,

Several of the Aresds observed for Gook 1 were confirmed
b his ceek, The change in eharacter of de color taking plase
from six to nime hours 1s particularly well 1llustrated in Tigare 5.
The slight reversiona of color im she rod ond of She spectrum 1s again |
observed. The concentration of ooloﬂu.uttor inoreased very rapid-
1y bub smoodhly frem mine %o twelve heurs, with 2o suiden darkening
in a fov mimates, as has deen yeported. The concentrationsof wugar
and ligain resainmed emhﬁ for a portod miu vhieh tho concen-
tration of the um-su -.mm :mod oaatteld. .|

Turther analyses Indisated thab e Npérdgen-ton comcen-
Aration 1n She liquor increased steadily and mmoothly to s maximea,
whereas the tosal sulfur diexide comseniration decrsased steallly %
alzost sere. A stuly of the deasidiae precipitate showed that, ia
the rasge of 1iquor samples from eight and one-half te twelve heurs,
the compesition of the preeipitate was cosstant as 1ndicated by the
methoxyl content and that 75 per cems of the Sotal methoxyl sontent
was deing precipitated by the beasidine procedure.

g. Sk 3, Oook 3 was made on 6600 grams of ehips {oven-

dry equivalent) contalning 39.9 per cest moisture, with 2% liters of
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TARIB IV
. ARALYSES OF LIQUOR SAMPIES FROM COK 2

Nethexyl
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Bensidine tated W

Nethoxyl
Methexyl
from

o
Beuzidine

Beasidise Redusing Precipi-

% Yl

Bensidine
<

Freeipi-
tate

tate
1

Precipi~ Dugar as
Glucose

 MeAhexyl
Total frem
- Sellds Selids tate
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asid, The spectral izansaittance curves. are ‘.u.’. 1» ugi. 7 and
the curves of log k 1n Figure §. The valuss of the .s..‘r,m coet-
fielents are in Tadle XXXI (Appendiz). The resulis of the c&-zm
analyses are given in h)h ¥ and Figure 9.

The resulds confirs and amplify those obtalned with the
previous cocks. The steady incrests of goler, \he slight reversion,
‘and the change of hus are all shown ia Figure §. The hemieal analy-
ses were extended to the early samples, and Figure 9 illustrates
again the grafoal, almest limear rise of the comcentration ef the
nsjor ‘oomiwm of the liquor $o & maximus valus, in contrast ie
Ahe Eieh 7a¥e of Lnoreass of G4pobntTatien of coloring material.

T

The ;mu-"o:, the bensiding precipitatien was further
| imotmt'od; mumn vere prepared for presipitation ¥y neating
in the water bath, witheut sddition of hydrechlerie acid as had beea |
3he standard procedurs. The earlier beasidinme presipitates ware vewy
light in eolor, isdicating a high imorganis sulfite contend. Thess
early ﬁxm:put*ﬂ also had very low methoxyl ¢osteats, with the ez~
peched constant composition beisg reashed at seven houwrs. The amis-
sion of Whe ascid treatmeat, however, incrsassd She percenitage of
todal metbexyl contens which can e prmptmu,li Donsidine %o &
maxiwum of Mtﬂporm m.lm and ond-half hours, The

~ precipitations on earlisr liquor samples were relatively imeffective
in removisg ligain as measured Wy $he methaxyl comtsnt, the percent-
age precipitated aao:tusnc as the cook progressed.
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AMALYSES OF LIQUOR SAMPLES FROM COOK 3
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B, Correlaten of Opiisal and cm-mx Axalyses

In M buou lwmsm ﬂv&m th-t tb uumn for

. the um; mmm nhrhll sa mlﬂ“ nquor m 1ot measuring
the solering ntnr, M the wnﬂu u'on u to whether or a0% st

- wae mﬁblq S0 «tom&n the oouomnun ot mhrxu material \v
other thu opuul ROARS.

In order to M%Ma tht' nl.aﬂcn m'un sonaertration of
ooloring matier and eeuontmuon of ualn, l’uur« 10 and 11 were
rcparﬂl comhuu sethoxyl conbent of tom ‘solide, whick is the
»vhut measur's of 1ignin content used here, with the -.htorpuaa coal-
fietext k for several wavelongths, for Cooks 2 and 3. "

There 18 an qp-nnt Mnear relationehip hﬁﬁni dc@uu
gosfficlens over ‘the utm wavelengih range (adove 580 mod lhon)
‘and the 1ignin coatest of the 1ique?, as measured by She methoxyl
 sontent, from .mc 1 e 6 grams of methoxyl par liter. This raage
corresponds Vo a uloiu lignosulfenate combent of 7 3 to kb ooy
 ‘per 1iter (u-uuc 13.6 per ceat methoxyl in ¢aloiwm lmmaxto)
over the peried of four to sevea hmn, Aurisg which the temperature
is increasing from 118° to 20® C, |

mnmmxwum' ta spite of & Tow mimor ob-
Jections, $hat in thh range ths color u due prturily %o ugnin,
asd that adove Shis range, at w® ¢, the great inoreass ia concen~
tmﬁiu o!’ eolorm unor is due h the uu ugrmuon of putam
and huom ot ugh-r Semperatures.
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Oone osmnn i. m -bov- mxu u%m raleed ¥y the

mltuarﬁy of tho abnotnuol mzmsm-uw- uhnouhip tatzo-
| uud by the rmnm ot dolor drcidy mhl, fron Shres to seven
bours, bus which i3 oonfinsd te the red end of the spestirum. The
deuse of Whis peversion 1s mot kmown, Wub At is probabdly cemsed Wy
sither sulfomation or reductien ef certaia of the water-ssluble ex- E
Sragtives in the weod, or 1t may bs congersed wiSh the mhntu of
11gntn sulfonstton. | |

" The other objestion i» M, sizoe the rate of imerasse inm
concentrasion of ligain is paralieled by trat of redusing wugers, "
night be assumed that the Wurpﬂoa Mﬂduﬁ relationship
vill aleo be linear. ¥han Seeded, s theery was feund te Ve fa
error, although Vb sagar asslyses d14 2eb cover iha eritical rangs
mynu mwums«m the faot Mﬂthun mln
oohman the liquor almdv posssssed mman solering matter;
the m»wm mn utmouu‘onth sefe ligain and
anrpun cosfficlent, but $he sugar ™k mo 414 nos, The
presense of wuga? in solutiea doss not mesessarily mean ihat the
sonditisns sausing denly.il to simple pentese and hexoss are sensing
dsgradation of the li‘l’ n‘arl %e soloring matter. With the m—-

, kydrogen-ion «umwhn, and Sime all omtinlr low,
:.u is bonmttm wp te mnw- u.m-x tpmo mk,
anmouuo gy mﬁtu baktes ;hn There 10 qprmnhly
two 30 four times as -uh krows dm-ophoru ealolm unuulfoah |
i3 solutien, over ﬂno rnp, as there io mm sager. The eohr
of A2in caleimm n‘nnlfom is uml ) h et gtvhc ‘e



._p.;

‘tnun ourved emtmme acted on luu» 2,5 i wp
sevin hc\\n. Bocnud sugar fh udud to dv. Whe straight 1ime
absorption. cmmm-zmo which unkp the lignin curve in the lm
hours of tluooak Eavom, Mﬁwoﬁuhctmhﬁ‘rh ‘show
tm some sugars whes o.ugn;hd with acid give a coler whish is vaxy
siailar ¥o that of $he ligais sompownd. |

Making She assumpiion that the uiuoryuon Mﬁoigit duriag
the early stages of the cook is dus o caletum lignemifosats, (Tige |
ures 10 asd 11), it vas possidle %o cslsulate the abeelute absorphion

sostficients of calolum ligmomlfossts. These are given for Gooka 2
aad 3 iaTOMVI. | |

TANE VI
ABSGAPYION OCRPYIOIRNY § 7OR CALCITUN LICHOSULIONATS

Eavelengih - mam
Cook k2o k6O %00 5% 5800 620 660 700

5.8 1,98 099 0.57 0.3 mﬁ 0.26 0.2
6.5 1.98 0.88 0.5 0.32 0.3 o0.2% 0.

3

3
The value oom@on to a 1igals comseziration squivalest te
10 grams of methexyl per liter,

These valuss give a characterisiic curve ih-n plotted oa
tbe log scale. Assuming that the total oolof is made wp of lignin
and dagraded eugars, $he absorptics cosfficlents of the carasel sleme
ars obfained by sudiracting the lignin k from the %otal k. These
values glve the straight 1ine degraded sugar charasteristis.
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5. Heating of Isslated Liquer

A sorrelation of liquor color wAith lignin contead has deen
propossd for the 3- % T-hour (110 %o 140° C.) pericd of the oook,
Up So the shird hour the aolor is very slight and 19 negligivle frem
the operating standpeiat, although i% msy b somnsoted vith the fired
stages of lignin #ulfenation. From sevan hours io ihe ead of the |
ecook, the lnnln color desones inoreasingly unimporssat as Sompared
to $he color of $he produsts of sagar degralation, snd no chesiocal
analysis has bDesn suscoessful in deternining lhiq degraded component,
The next sxperiment was an atteapt to discover which of the ocomponents
of the liguer were Ma‘ the coler in this last part of the oook;
this imvelved the heating of isclated liquor with 20 fiver preeest
$0 ach as & duffer. A supply ef the 10-hour liquoer from Cook 1
(which vas 45 days 0ld) was She oaly available material. Thves lma-
dred eudie centimster portions were heated {n a small stainless stesl
sutoclave for Swo and six hours ab 140° ¢, , vith one-half hour re-
quired to eoms up te Semperature, and ﬂn analyned. The results are
givea in Tadle Vi1, 7The visual offect d aging $9 a slight darkening,
with precipitation of white caloium slfite. T™hwe dlsappearame of
the sugar has 5ot deen satisfactorily explained. It is not fersented,
since no Biorosrganiss was fousd Wy attespiing culture oa mutriest
agar and 1n beef byoth, ‘and since the consensus of misrodiological
optnon is that no erganism can m' at the low pi (1,0), in the
presence of sulfurous asid, dochoh, furfursl, and othar toxic agenis.
The precipitate containsd no sugar, ul if sompounds are tomd. gy
with sugar, with caleinm mulfite or with lignia, the 1inkage must de
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very stedle to withstand hydrolysis oa further heating.

A study of Tadle VII demonsirates the great iacresse in
soloring matter at the sxpense of “small inmh of. nﬁr 6: very mall
amounts of ligaia. The lignin is more g&.bh.to Bosh aging and heat
than the sugar is. The test, hovever, was unsatiefeotory, snd Cook ¥
vas sads to provide fresh liguor. rm thousand nine mndred and
forty grams: (ovon-ﬁry equivaleat) of spruce Mpn uutdunc 39.7 per
oent molsture were aom by stendard schedule, using 25 liters of
1igquwoz. Liquor samples were dram off at seven un‘ ten hours, nl
rehsated in the ensll m mwlm m Fesulis are siven ia |
Table VIII. The 'I-henr uqaor m mm at mo‘ 0, for pu!.m of
one and nwhu ‘and duree houre, thQ M :u shree and
| six hours. The resulss are Many presentsd in Fgures uu
13.

The rebeated 1iquors lost at least a part of their bollds
cosbent ky proeipitation of inergenic caleius sulfits, and She heating
piamoa the ithn; characteristic burned odor. The results of the
rebeating of T-howr liquor indiosted that some soluble polysecobarides
were preseat. These hydrelysed to simple wugars,. gzuu the saxiswm
mtg sugar contest after ene and Mt hours of hum.am Shon
tha sugars were degraded $o form ooler with sontisned heasing. The
hea¥ing csused other liquor mmtttuntc,‘.tuluiu sone wugar, %o
prestpitate with the 1igain, resulting {a a heavier bensidine precipi-
Sate with & lower methaxyl contemt, However, the total ligmosulfesis
esid presipitated renaised somstast. The total lignin tn solution,
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ae measured by methoxyl on tetal soiids, dscreased ¥.5 per cent in
the last one and snd-half hours, as compared with the 15.§ per aent
‘loss in migar. The absorptien soeffisient inereased duriag this
pertod by SN0 per oeat,

| The 10-howr 13quor anslyses coxfirmed the comslusion that
$he sugar coatess ves wuh for mest of the delor. Im six heurs,
mummmh.ry»«n m,mmimodﬂmom,
and the sbsarpilon Soeffisient increased 4600 per eent. Sems of the
'nhwl s split off and a small part of the ligain is degraded, b
this contridution to the eoler, if thers is asy, 1s absoured W the
dagridation of the sagar. It vill be Roted \hat the isolated T-howr
.umr was w mh Laster than the smme liquer ia the digester,
The 7-howr 11quor dWMWﬁd 180° 0. Has ten $imes as mach
 oolov, as siabured W aVeerphien cosffisient, af the regalar 10-hour
| liquor. The z»w saupls Xad lh mtmm- !W color, as
showa Wy 3he ourve Mplusndu u;;-‘um wavelength, This
changed $o the edraight 1ime coler characteristio on heating.

6. Bffest of Age on Suifite Waste Liquor Geler

It has slresty Voon noted Ahat liquer sasplss, when aged,
 prestpitate calettm sulfive and iasrease 1a elor sligibly. The

' sarly sawples, wp to ssven howrs, precipitate the salciva salt with-
1n & week, whereas Ahe porsal 10-heur liguer is usually stedle wp 46
adeut Swo weeks, This Mﬁthﬁhn is associated with the less of
fres sulfur dioxide. EHeavily Wurmed liquors, when burned in the



pnnm of m, are absolutely stable, with no presipitatioa after
 moaths of omu-; (c.c., Oook 2). rmmu, all +he 1ime is oe-
binsd with ligain, M the omata naterisl, lignosulfeais asid and
sugar, o088 e & proteciive colloid. The higher degres of sulfonation
resulting fres the loager vook produses & calciom 1ignesulfonate which
19 more nearly a Srus solutien, and Shis aleo helps pmf presipt-
tation.

The first aging tuﬁ were run o3 a series of smples of
umr fres Cgek 31 Mnl transaittance eu-vn wore dsternined at
time intervals wp ‘o Sweaty-five days, with partisular ssphasis on
She firss hours after ssmpling, in which peried it was thought that
darkening med reddening might take plase as they 4o in pulp in 4be
Bowpit. The date are given for enly s fov 1iquer samples asd for
the single wavelength, 620 s, but the tread is tbun for all
‘_mammuru the onttr- npntru he hhmcim'

_ ia Tadle IX,
. MAREE
nmo!ormznotmuzmw SULFITE LIQUOR,
COOK 3

Sanpls Tine after !upnl‘

he. 15 sin. 120 60 hr 25 days

1 92.6 93.3 93_.6 ———
81/2 8,0 82.8 82.3 a.b

m ’ 5100 56.2 Ssoh 5).0
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| The drop in Sranssittanse frem 57 %o 50 per cext in Vwenty-
five days correspends %o ax inarease of k frem 1.07 %0 1.32, o» 23.3
per cent, Up to sixty hours, however, the increass is only 5.6 per
ceat for the 10-hour liquer, m‘ alaost within the limis of socursey
“of the instrument for the eerlier samples. Thers is absolutaly mo
‘change immediately or within a few hours after saspling. 7This has
Veen shacked on over a desea cooks, over a1l stages of the cook and
for six wood spesies, The samples were siorsd ia Yightly stoppered,
pPlain glass doltles, |

A further chesk oa the amouat of increase of color om aging
was carried ocut on the m—w nmn from Cosks 154 and 153, which
were duplicate cooks on spruceweed, made by ihe Iastitute pulping
class. The semples mo filtered threugh rum paper hudutd.r

after samplisg, snd the clear um - un-m £row m “precitvete L

in nu aged sssples. The mﬂto ot mmam- nmmo a
620 msn. are givea ia Table X,

TAME X

XFFRC? OF AOING ON TRAMSNITYANOS OF SUMFITE LIQUORS,
GOOKS 154 AND 153

Transuittansy at 6;0 nan, ﬁ

Tine 1%A

15 mia, 76.8 .5
Saws Mo 72
1 15.] e
9 76. T1.2
12 77.2 78.0
15 s ;g.:
32 - 1o, .

70 76.0 76.3
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The change in transaitiance is very slight and for prac-
tlocal purposes is megligidble, This is ia contrast to $he change
found iz She 1iquor from Oeck 3. The final conclusion must be that
‘Mo is adsolutely no shangs within a few days, and that the oolors
of the sexples may remaia coastant for months.

7. Conformity to Beer's Law on Dilution

Very dark solutiens present a prodlem whan quantitative spec-
tral Sranssittanses are required, The Shickness of the liquid layer
nay be reduged, wut the prastical limit 13 soon reached. The alterma-
tive is quantitative dilution of the colersd material wish some medium;
under this condition the absorption cosffieients msy be ealoulated
Mack to the originel streagth by multiplication by the dilution faste,
provided the systes odeys Besr's law.

‘Dilution with water was firet tried, usiag a sample of
12-hour ngm frow Gesk 2 ebtained from She Mlowplt. The adsorptien
mrzmm-, m several mavelangths, as calculated dask fo the origi-
An-l 1m -mmn. are given uwm.;

The 'mm of éilution is %o 1noresse the AbeoTpiion scef-
fiolent, and, inaswwsh as this inorease is mot Mtori over the wave-
length range, the celor (lme) is changed slightly om dilution. AS
600 mwa, there i3 an effeotive imcreass in k of 8.6 per seat on s
dtlution of 11100, with even greater change at lowsr waveleagths. A

700 mam, on dilution $o 1150 $he increase 1s 17.8 per cemt, but there
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) w.mu OF MEER'S LAV WISK SULYITE LIQUGR
‘ . OB DILVTION WITR YARRNE, Ma,v

12-R00 LIQWR
_— __ | Absorpiton Cosfficiens, X
=3 o Mo s0 &0 60 6o oo
1 3.1 625 168 607 Wp ,
2 295 M1 166 5.9% W 3.8 238
» 2.65 6.7 1635 S N6} 378 2.3}
s 2.3 6.3 162 968 W63 Tv 211
10 2.28 .8 160 576 W63 LM 2a
2 2.00 - 160 572 W63 3.7 207
25 190 e 158 567 W6 372 202
%0 1.66 e e 567 W63 302 2.0
100 R — '

e 559 W63 3TH 2,02

19 a ainiwen of $he dllntion effeat at 620 mm, allewing a dilution
of 1125 with no changs and a dilution of 11100 with 1.7 per cent in~
rease, |

The pil iraresse on «umhn m npmotmo, and as tmo
is a known ; inorense for decreass of Wm nnMMtu, the
nut mﬁmt was dilutien of the liguar with meidified water.
Liguor m- Cook & was dl1uted with sppreximately 0.02 ) | wwmma
.eu, % giw s lﬂ of x.w. The abdsorpiioa ao.!ttciu“ ars gives iu
| Table nx. :
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M3 111

VALIDITY OF IRER'S LAV WITH SULFITE WASTS LIQUOR
O¥ DILUTION WITH 0,02 J EYRROCELORIC ACID
 COOK 4, 10-HOUR LIQUOR

Aboorption Cesffioient, K

I m w0 om0 e em e
1 1.0 9.50
2 1.0 LU 2 e e .
1.8 nes 29 09
s 1.79 W7 313 1.0b 0.9 0.73 0.9
2. .76 17.2 3.96 111 0.9 0.76 0,5
25 .76 169 437 L2 097 o771 Oo%m
% 176 = W98 132 0.99 076 0N
100 1.5 e 530 1L3% 099 O 0.5

The effect of she nu fons 48 sppareat. With hydreshlorie
s01d, & decrease 1a K of abeut 50 per oezt is observed frem NOO te
500 mew, while at 700 an 126rease ia k was fownd. A% GHO swm the ad-
serption ceeffisient was almost comstant, Vub $he change of celer pre-
txoed 1n $he liguor rules eut 0,02 B kpdresklorio asid s o diluesd.

The next step in this :m-uathamm“ouamm
of fresh ealoiwm dass sulfite liquer, 6,20 per ssat total sad 1.20 per -
sazt seadined sulfur dicxide. Tue veste 1iguor used was frem the bel-

wn f17 Cosk 5. Fadle JII prosests \be data,
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YALIDIZY OF BRAR'S LAV WITH SULYIYE WASTE LIQUOR
OF DILUTION VITE FRASH SULYI®E LIQDOR

Absozption Coeffieient, §

T o= Wo om0 B s 6w
1 1.60 = n8 . o
2 1.60 2.6 207 1M eeee  aeee
] 1.61 2.6 2.07 . . 0.53 —
8 1.58 239 202 1% 0.5 0.2
10 1.5 22,7 199 14 051 0.2
25 1.50 19.3 1.8 1M 0.5 0.28
50 1.5 | oo 1.8 1.\ o060 0.28
200 1.37 — 1.8l 1M 06 oM

Ia Shis oase we have am in wvhich the abssrpiion ovef-
fielen$ k inereases ea &luthn 1a the range frem 400 %o 500 mea,
zemaisns constant st 520 mus, snd decreases warkedly akove that., The
sulfite sosking 1iqmor used as dilusxt was water white, and be changes
nmnummm-m» isternsl rearrangement of the chrome-
phoric groups of the 10-heur liquor. This sirength of sulfite asid is
mot satisfastory for éiluiies, since the coler is changed radically.

Of the three dilwents $ried, water is the best, with the
absorption ecefficient insreasing at bdoth ends of the up-cfm bul re-
maining constant at 620 mwu. Hydrechloris acid eauses a desreass of



- 8-
K ot vavelengihs lover than 640 mws, does mot affeet k at 640 mmm,
and increases it adove Shat peiad. Fresh sulfite asid inoresses k
below 530 mm, 1s midﬁhry at 520 mu, and deGreasss Xk abeve
520 mm. Thees Sests were yum on Shrse different samples of waste
liquor and the imvestigation was not therough; however, wo siaple
diluent is apparent, and all absorpiien spectra obiained where #1-

lutien of the origimal liquor is nsoessary are liable %o be in error
doth in solor and in dspth of coler.

8, mmmalnusumummr

Several investigators have reported that sulfite waste
liguer changes tm ughtyouovinn to dupor red brewn whea alkali
lc abled, This phenomesen is thwdtt to be associated with the cmno-
_,hﬂc unh groups preseat and is impertant doth fundanentally M
prentically, for \iw» wmlon conosntration changes during the
ecurse of She sosk and, after sampling, with aging and dilutionm,

The effect of kydrogea-ion concentration was detemmined om
the 10=hour ligquer from Ceck 1 by addition of 2ilute sediwm lyirexide
and wmouoru asid soludisas S¢ 50-ec. samples of the liquor and
" d1lutien with water $0 a fisal volums of 100 oc. Ths transaittames
of the resulting nluuai are given in Pigure 18, The experimentsl
date and sbserption coaffislents are ia Teble XIV, with the weual

 log g ewrves in Figure 15.

The changs fres the erigimel 1ight yellow drowa %o a desp
rod brown is very striking. There fs mo effect Melow pil 3.2 vith
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eithay hydreshloric asid or -oun hydroxids. The change is graiuml
upscplksundu alnosd mhto at_glt Abonzlsmiletu |
started in this system, and the a’butpﬂon cosffiolénts &f ssuple K"
show this upper u-u. !ln auton M of nmuu mtmunt
is in the Mm:ftha m“w- AS ’foo-ntbgulu iumou
740 per cent with $he !.l‘chnn‘ from 3.2 %o £.8, whereas at 500 nem
this tnarease is oxly 340 per oent. The sourse of \he change in kus
1 et simple, as ean be ebserved in Figure 15. The astusl mschanim
.: the ochange, in an already somplex nma, is prodadly Mghly Gom- |
 plicated. |

3. OOCKING OF ISLAYND COMPONEMES OF WOOD

The first sestion of the experimental wark was an abtempt
%o datersins the souroes of She liquer color by optisal md chemisal
asalysis of 1iquer saaples tekea during $he course of She eook. Sats
‘second seetion, in camtrast to the above prosedurs of amalyzing for
chromophoric sudstances from cooked whole weod, 1s a proposal to osek
ths cemponents of vood separatsly, and an attempt o show the sature
aad amount of coler produced by sulfonation, ascid hydrolysis, and asid
and heat degradatien of eash Genstituent.

1. Isolaton of Geod Cempoments
A %0lt of hlack spruse from the sme 1ot as that used ia

the small Mo‘onkammﬂmmutomwaqsm
sav, This sawdust was further grousd in an attrittos mill sad seversl
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pounds af Awo-screened frsuou, 4o~ %0 Es-unh and thab ﬂm than
65-nesh, were ﬂ.ull.r obtained.

Awruuof mh— uﬁwmnoumwtcpm
helocellulose momu ‘o m wethod of Vax: Besicuw and, Rister (ng).
vhich used aldernate ohlortutiam m extractions wtth hot 3 pot
‘cent monosthanolamine ,h atoohl. Aﬂ,,n' Sz suph wmm m
lignin was conphuly remaved, ascording %o the color test, and the
 prodmet was washed with dfstilled water and vith aloshol, and then
- adr-dried. 2!:‘ data on the preparatiea are given in Table XV,

| SARLE XV
rmmtox OF SPEUCE HOLOCELLULOGE

ltuhi of raw sprusewcod nm, & 221.)
Percentage of molstare | 6.6
Yeight of ovendryy wood flowr, g. a2
Suaber of chlorinatioss and extrastions 10
Alr-dry holecsllulose yield, g. 132.!&
Parceantage of moiwtwre 9
Yeight of oven~dry holocellulose, g. » 129.8%
Yield on rav wood, per cent | 8.2
Lignin conteas bty ]2 per cent sulfuriec acid 0

The yield is low when compared with the 71.3 per geat ob~
taized by Kurth and Eister (1), becsuse of the loss of n‘u and
sleshol extractives, sad because of mechanical loswes, since no at-
tespt was made S0 obSain a quantitative yield. |

Spruce healiesllinlose and‘-ikdt, mi-tani? cellulose were
prepared from a poritos of the holossellulose bty cold § pew eeat sodium
hydroxide extraction. Eightywone grams of holocelluless with 6.9 per
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cenk msisture msut wore amrud tn 1115 s, of § por sent wodiwm
hydrextde ad 25° O, for ons hour. The mixture was then filtersd, he
Coke pressed as dry e possidle, asd an additiesal 1000 6o. of § per
sont wuwmnummusuruwformwazs‘c
The mixture was then filtered, pressing out all the Filtrate pouiuo,w
snd She twe filtrates wers cembised. - |

 Gladial sceble asid was added %o Just neutrslise the cowdimed
tutrnn,. and no precipitate was abesrved, f$=ioti.1 volm vas
2000 90, ani %o 315 an equal volums of 95 pér Cext etlyl aloshul was
added to presipitate the hemisslluloss frasticn. The preeipitate wes
renoved hy semirifugisg snd was weshed susvessively with twe portioms
sash of 50 per ceat aloshel, 95 per cemt aloohol, abselube aleshel,
o\kyl ether, and pedvoleum ethsr, after which it was v-n--mu

The eslluless material, resistast $o the alkali treataeat,
was washed with water, hot water, dilute acetis ssid, water, and
fimally wiih alsohel, after vhish it was air-dried. The ssalyses of
the $wo produsts ave gives in Tible XVI. | |

W m

HEMIORLLULOSE AND ALKAL] ERSIGZANT GELLULOSE
FRODOORION AND ANALYSIS

Yoight of holoesllnloss, oven-dry, §.
Yoight of hamiosllulose mhut ' &
Ash in hemisellwl: a;z

Loss oa drying (105% C.), per cm
Voight of hemicellulose, oven-dvy, ¢.
Eemisellulose yield, per cend

Veight of resistant cellulese profmed, g.
Ash i resistant sellulose, per cest
Loss on drying (105° 0.), per cest
Veight of resistand nnnlou, &
Resistant: mmm mu pn‘ m

o e o 8

.

& @ * °

Mhoold KWRandS
Fapr WoONw
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Amnonof She wood fleus whieh was fisey \han 65 mesh
. a8 sxtracsted 4o on.u She otm«-nlum, al eokol mulmc,
. uux water«solukle tmnon. The rnultn are given An Table XViX.

TARLR XVIX
BXTRAOTIVES FROM SPRUCENOOD

Veight of wood, oven~dry, 247.%
Yelght of etiyl mummh material, & mn'

 extzastion, §. 3.02
Weight of alechol-beasens uhuo,. 12 hours? ntmuon [ o.z”
Yeight of water-solubls, 22 heurs' Sine (sopper sanod,g 5.
Ether-soimdle, por oont 1.2%
.uoohol-hmm soludla, per oent 0.29
Valer-soludle, pey cend - 2,18
Tetal extrastives, per ount 3.N
Ligain en exirasted weod, per cemt ar.2
lotwl o utmm wedd, per eent .96

The water-soludle f¥aoction obtaimed was dark colored; $he
loag belling period mey have degraded soms of ihe comstituente. The
dry predust was obtaimed by vacwum evaporation, which ésused the pre-
oipitation of some s0lid material and final vacwwm arying.

 %He waler-solable material ves also obbalned by another
mo. Three W apd -mrv-ou grans of oven-dry equivaleat

;.. mnm, Sner then 55-.&. were covered with W 1iters of

‘mxmm.uu.mtummamta‘o. in the wates
bath. The aixture was filtered, the flour agein coversd with boilisg
water, and heated in the water daih for Swo heurs. ‘The combimed f11-
\7ates were filtersd several $imss usttl thay wers clear, svaperated

12 » veswam %6 & y7up, asd an equal volume of 95 per cent etkyl
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aleochol was addsd. The presipliate was oentrifuged and washed sus-
cessively with aloshol, ether, and petroleum efher. The filtrate
comhu‘ the alochol-soluble pertien vas agaia evaporated 1a o
vacuun, and the s0lids were recovered by slow vasums evaporation.
The results are gives in Table IVILL, |

SANX XVIIZ
HO? WATER BXTRAOTIVES OF SPRUGENOOD

Yaight of raw ipmm, om-(v, s 361
Yeight of water soluble-aleolo) imsolubls, &. h.5
. Welght of water soludie-alookel soludle, g. 3.25
2.1

fotal water extractives, per osad

he water-soluble frastion of $he wood obtalned by the
" adove water bath extraction was also highly éolored.

Calotum lignosulfonate was isolated from the MO~hour 1iquer
of ook 3. Tour 1i%ers of the ligkor were svaporeted ia s vacwm %o
& beavy syrep and dialysed in » .pd;ophm bag for one week M.th ran-
aiag tap vater, Shon for five wesks with dstilied valhr, taring wiier
t1ae the water was cheaged four Vimes sash day. The liquer was kept
saturated with sulfur dioxide during the dialysis and was evapozsted
1n & vesuun hask % @yTEp about Vwioe per week, as 1% becams diluted
Wy ssmosis. The dlalysate was highly eslored for the first two weeks.
The procedure was dasigmd to fres the liguor of all imorgasis ui—
eius salts, oaXlolyirate material, all volatils constitusats, and
ssids, and $o jrodase pure ealoiws ligmomifesate. A% he end of She
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arditrary dialysing period She equilibriw mixture of free ligne-
sulfonis s01d and saleiwm lignosulfonate was nsuSralised by the

addition ot thirty grams of calcium carbonate, the excess calclum

carbonate filtered off (24 graus), he wlution evaporated 1n a veswm
o Mfaloo 0s. of very thick syrup, asd the salt wipltatd 1" 4
slewly dropping the syrup into ¥ liters of adbsolube metlyl aleohsl.
The presipitate was centrifuged and washed wmesessively with absolute

mothyl aloshol, ethyl ether, and petrolesm eiber snd fimally dried,

The analysis is given in Taeble XX,

AR XIX

: ANALYSIS OF CALGCIUM LIGNOSULIONATS

Yolume of sulfite waste liguor, 10-hour, Cook 3

¥olgh$ of solid calcium lignosulforate prodused,

oven-dry, &.
. Yield onm liguer, per eemd

Yield on saleium nmlulfouu asouning 80 g.
per liter, per senrh

Methoxyl coatent of product, per cent

Sulfur, per cend

Ash, pér ceant

Cal, por camt

mu sogars as ¢1mu, p‘! nnt

Anslyses not caleylated to “h-lru wu. .

s

$200
Tgr

I 1iters

8.9
2.04

25.6

12.
2
9.1
5.35

10

Inaswuck as 6 grams of calcium carkonate wers used $o asa-

tralise the free lignosalfonio seid, the composision of the squilidri- |

um mizture say be ealoulated at adout 76 per cent of free acid and

24 per eent of calcium aall,



2. Cooking Precedure

The oven-dry equivalent of 1.000 gram of the isolated wood
oonstitusnts or other products m aocurately weighed and imtrodused
into Ary, 25 by 250 mm. Pyrex test fubes. Fifyy cudMo mu@un of

| Geoking asid were pipetted into each of e Sudes, which were immedi-
stely sealed, leaving an approximately Somstant gas veluss abere the
liquid. Thess sealed tudes, as many as Swelve st one $ime, were plased
in & mmall sutoolave, which was about 9 inches mﬁ. The autoelave
was filled with vater to a point Sust abeve She liquor level of the
‘%ubes, and was sealed and heated in a wax bath.

The temperature was taken by means of a thermometer in-
serted in a dsep woll in the sutoclave. The Sempersturs schedule used
ia all cases m. one and one-half hours $o 140° C., ab this Sempers-
ture as long as desired, and overalght air-ceeling defore cpeming the
mtoalave. The sealed tips were knosked off the tubes, and the &s-
sired tests were made, after filteriag $he liguor when necessary.

The ﬁ'uh ocooking liquor used was soda dase with 1,20 per
cent cam sulfur Muﬁh and 6,20 per ceat Yotal nlrnr dioxide,
The salcium bass liquor wsed for e wm mp mkhc was
touu %o de mauotuw bunu of th m-!ﬂ ’nd.pihtton _
omrtn on haating, pitioularly vﬁh \h- mﬂ The mim
liquer maintains a relatively homogensous systes inside the tuds.
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3. Cosks oa Najor Wood OCompoments, with Time Variadle

Coapletely exirasted wood, caloiwm iuumr.mo, holo-
cellulose, hemicellulose, resistans celiulese, glucese, Au MErose
were heated with sods dase acid wsder the conditions desoribed adeve
for periods of five, eighs, amd ten and ons-half hours at $he saxisnm
temperature of 1M0® 0. The percentage of total sulfur dtexids, the
redusing m ocontent, and the speotral tmnuisa»nu ware detersimed
on sach sample. Oarden loxide was evelved and sens sulfer diexide
was lost when the fresh cold acid was added tov‘thl asutral galcium
lignosalfonats. The sugers were cuplotdy soludble h the acid, Wb
¢ wood fractl ons were spparently unaffected, exeept mt $he hemi-
eellulose was -n‘tly awill.ﬂ.* ™he rndh of the Mnn are
in Table X% MM mum.i mphinn; tpr 'pel, qgloiu llpo- |
mlfonate, Mmlulm, u( zlmu in ﬂm 1'6 - "

_ The cooking ef 1 gram of sxtracted wood flour in 50 co. of

| soda Dase sulfits liguor followed axactly $he same course as did the

| digestion of ehips. The penetration peried was elisizated ia the R
schedule used becanse the wood was fimely divided, aad five hours iz
Shis oaek corresponded roughly %o seves hours 1in the chip-sooking
schednle. A five hours, the oolor of the lignor was $hat of sul-.
fonated lignia, with the in“d surve on a plot of 1og k againet wive-
length. The sugar conteat had almost resohed the usual mexiwwm, 19
per oens of the weight of the weed. The S-hour cesk corresponied
apprénutoly $o the 10-hour normal ead cf “the eook, with &roatly in-
sreased color at the expense of a small -mtor'm.. mxm



_ TANS XX
EFTRCT OF TIMR IN SULFIYR cm” Oox Wﬂ m COMPORE RS

?ize r:;n s:p: s ‘ n»'?ufn Cosffisieny
Cook ' 1u008e velengthwonmmn
WIKCO. £ /50 e o %00 60 799
| A. OCompletely Extracted Wood o
) 6.20 ) ) 0 0 ous -
5 .82 0.19 2,09 0.1 0. )
8 2.61 0.17 6.70 1.7? 0.678 0.269
m-s 3.‘7 0017 _““"‘" 2099 ' ltw ooﬁ
| B, Calotus Ligmosulfonate N
o e aaanand O.M . - lun 0o55 ' 0.18
5 g.p ,\ 0.009 L ewee 191 0.60 0O.%
10.8 3,02 0.013 —-—— 2,10 076 0.3
- ¢. Holocelluless
0 6.20 0 SN} 0 o 0
5 g.n 0,12 0. 0 0 o
. N 0.13 1. 0.038 0 0
10.5 3.58 0.15 1.85 0115 0 0
| “ D. Eemisellulose |
0 62 o Q 0 0 0
5 3.38 5 - B o 0 o 0
s 1.62 0.33 - 350 1.98
10.5 Ry R 19«‘3 C e wew= 5.83 3.83
| . Etgh Alphe-Gellulose
0 6.20 o -0 o 0 0
5 5.;1 0.08 0 0 0 0
s 5.35 0.0% 09 o0 0 0
10.5 8.32 0.05 132 0 0 0
: _ . B, @lnosse | :
0 6,20 1,00 0 0 Q 0
g 1. 0.38 — 1,51 043 0.17
10.5 ln}é 0035 v ' b a.ﬁh 0.90 oa“ B
, . | | 4
0 6.3 o 0 0 % 0 g
. 3. ,06 : » oo 0 :
10.5 1.2 0.25 e 331 16,6 9.55

" Mlasks 1n ab»rptlci coefficlent data are from solutions on which &n aoGue~
rate determination was impossidle decause the solutions were sither toe
Mgh or t00 low in concentratien of seler. :
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sample, Sea and one-half hawre' Sime at 140° C., was dafisitely bermed.
The sulfur dloride coment deareassd stesdily, Toing conmmed Wy Ao
wood. Defa base liquor alons, vhen subjected 1o the same treatment of
heat and pressure for shese $imes, was wAAffected and Sested adove

6 per send total sulfur dloxide, A% constant tempersture, with a 5011
11quor-wood yadlo, $he inoreass of absorption soeffislent was limear
with tine frem five o Yen sod ene-half hours,

The caleium lignowulfomate soler is very ﬂibh Yo the ao- |
Von of sulfite so1d usder cooking conditions. Seme chemical aotien
Sakes plm, a3 the 4rep of total sulfur dioxide tnduiu; this {s
ohnn by the lnm increase in Mrpuon cosffictent, Thia coler
Ancreass night de 4is to the 1.0 por oent residual nmtu ma' or
%0 the isoreased mulfomation of the ligain ouponu.

Of the thres celluloss frastiens, tie heaicellulose was, as
was expected, $hs most sensitive to the cooking asotion. The resistant
oslluloss portion showed nm. m, although the hydrelyeis amd
degradation had progresssd nxum;; The Jiskdosllulose frestica,
containing: thc Ml’ Wh haxesans md. partuulu'ly 2o pento-
sans vhm m& ﬂry ru&ﬂr as th Madm.o« urtiu, vas ool-

~ ored in proportien )o the ln-&«nulou econtens, 7The hydrolyseis Ve

reducing sagars unﬁm throughout the sook, sand again the linear
1ncrease of color is noted from five to Sen and ens-half hewrs.

The study of suorose was insluded im $his work bedsuss {8
ts as availadle, easily Nydrolysed disacsharide. It prodwses such
aore color than glusoss, amd the qolor lm, a8 in g!.ﬁ'uo, is
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nppnxiuhlz lhur !ht unu-tm uuulon fractions, the glu~
cose, and Ade saaress e} prodwsed Wjﬂ yrodusta with the |

charasteristic tursed sugar selcr. The 10-1/2-hewr peried at 1M0° ©,
did not appreach the exhaustion eof the sugar or the sxhaustion of the
potential color. The amount of eolor whioh iid:t be produced from

‘1 gram of sugar was far from baing realised in thess experinents.

This series of cooks has dsmonstrated the first cases of
reasosadly slow color development by the sulfite cookimg of woed and
weod constitusnts. The sarlier small-scale commercial cooks were made
on ehips with a liquor to woed ratic of about Lil; with constant tem-
perature the color was tom to inorease very rapidly over the 7- %o
12-hour pericds observed. It was assumsd that, Decause the fiber
present was hydrolysing to simpler somponsuis whieh in furz were Yeing
changed to highly colored material, $he presenss of fiker prevented
the existente of any Mu solor-time relationship.

he fiber defimitely serves as a source of éoler, and in
experinents on heating isolabed liquer ad oonstant Semperature the
inarease of color was feund te de slowar (Figure 13). However, mo
‘shpio relationship appeared to exist. The conceniratica of solids
was vory high in \hese iselated liquors, with 2-1/2 per ceat sugar,
8 per cent caloium ligmosulfonate, and 12 per semt total solids. In
the oourse of the heating the sugar content desreased appresiably,
and the kydrogen-ion conceatration insreased.

The nsxt step in the attempt o detersine the mature of the
solar incresse-time relatiomship 1sd %o the artificial condisions of



.m.,.‘

test tube m. where th um to solide uﬂ.u ie 50:1 and vhare
thers is an attonpd at Wma mtun. ln thess sysiess, -ml
m, helooslluless, glucess, and unm, Ahe Oolor as measured W
the absoTptien ecefficient k @ovelops as a limear function of time,
‘ums—tom-ummuam' o !umnhmotm
sagay soncentratien, within elose Limits, 1o prow nost impertant
in maizlaiaing the color develspment relatienship with Sime,

In the m of thess four subssances, mms ongar
cozbent 1asreased slightly for the wod and hemiesilaless, in which
sases wue hyirolysis wae mu ¢oh¢ on, and dscreased slightly in
‘%he glusose and suoross solutiens, in whieh all the magar was presend
a8 the momosassharide. The ohanges ia all cases were slight, and be-
canse She coloring matber produced per wugar uwalt is relatively e,
- the -ntcu wers sufficlieatly eomstant in sugar o nake pcunu the
1insar ulof mxomnt with time.

N, Mmmammcomtm-,rmm i-iphl’up— _
nu;u,um;mmmwm«mum'
for 5 Kours

The firet Srvwp studied dere inoludes the -ﬁmx; wod
oouﬂuun - The .ihn» and ql«hi-m-nhuo ounﬂmh
ere Mrw muuwmtm erganis solvead nluuonu
: 1mmuummmm¢numwumo«ug
tude. MQMomuMuw“ofthnMnnm
»m.tmgaunuuummmummmw-&-
mmu-pfmuw'h%bwcnn.

2
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AR XX |
$H8 ACTION OF SULFITR LIQUOR ON WOOD, #OOD CONSZITURNTS,

AND EELATSD GOMPOUNDS

Cooking Conditions: 1 gram per 50 g, of sods hase sulfite actd,

Wood, extrasted
Rthar seludls

l-bansens uiluhlo.

'Ihicrunoluhic

{ihtar soluble«aleehol insclubdle
¥ater soluble-alechol soluble

Holoesllulose
Eemieslliulose

Besistant eellulose

~gluoose
1evalone
~IMARN0 $8
astons
. imess .
, lodione
Rwerose

Gn i&;nn-nlzhatt-

Ca liglnunltbnnto}
¥a lignosmulfomte
Ca lignowulfonate
¥ lignosulfomate

Cotbon sellnlose

Corn stayoh
Tasals asid
Lemon peotin

Dr. Iranas

Total 30,

BRAGIESERE

" & 5 9

Nlx BN

AANATAN
Y »

\ A

6.20 par osat total and 1.20 per
salfur dfoxide; 1-1/2 hours $o 1&0”“
1%0° C, for 5 hours. ,

4

b g g g
85338

‘ :

ey
N3]

H,

BE

conbined
C. and at

Sugar
£./%0 ce,




- 107 -

6.0
°
8

i T B
| |
Q
¥ ! .m
A T
T o |
N H
L snuain |
LNt I |
_\.mfn.f H ﬁ v
N 1 ! + -
T 1 # I
N A Ifhn ‘IJM L f.ﬁ_\;
: vawacf uﬂ;f IS W b/.
,ﬁ N T i
QT | Hn =
N e A b _ ) / T |9 R
IR L _ Y ! a5 w N
+ . ! . _ —
N fITJ { | ul T - ff..
N SN A \\ / g> S
N W | wa W
, \
e \ X
N ! ) / Y
- ; let, 4 / \_ \A\AT m
DR T H ;
,{dy i % ﬁ “ / y iL\ m
~ IZ.V | X RN 7 | /
Q ' 5 ; y .
iR TR i AT N
T JWA i Iama \\_, g il M/
Ay N 4 S
! = wa
%tL 8 W
i 1B
i He N
: [ | T '
i ! ' L YL
Hifee L P
H ﬁ L4
" ! _Wv Q
] A7s
B e
i ik
! _
W 3
sy I N4
5/
Jhes
Qoo ~ © ) < ™
~ 0 n < ™ o P

W6 TN ONE ICY




MG TA N IOV

THRR | % TF
xff# nER L] L 71 |
, f
ﬂ, - H
- iy 1
i i T
— -+ Ft +— Yf,‘ :
HipiAItA 1 jiiiean
; AR / NN NEERE
it i i e
it +LUJ. 4 4 \ “ 4%% H.MW«
\ it B /I " ,
™ I H ”
R naguiiiig T
A biggdgadades || L
| s /14 i IS
B SN 1000 HE AT i
N8 S ALY - IR0 B
1 i /ou __ i BOES
N I B N/ L4
1 TA ﬁ 1 § \\y 4 fT. Il
- QY N N/ I
M \J! 11 / AT i T
JIHIT R 7 k
1 R Lyl d L
. i : /TN ) H
M N ] N / \
_4 7/ _ﬂ M i N | / L, M +
N . pY | i v i !
Tyl SO TTION | "7 N/ ~
il NN ! N\ / i
il RSINSVARE B il 40 RE B
m i ™ i NIl N N ! [l
iy i 1 5 H e
] ! N i : : /| 1
N i I Y ; T
J : T / i —
| | | /i IEUNEN S
It aN gl /] / ; ik |
w it s a2 . / I g
| ] I O R
« (L , / I ] RN R
L ; / NI :
ikl 2 : | i
I \ / ! | St
A INN I < / y i 1 T
| UL | | / 7/} '
; 4 ,Tl,‘ R |_V\ || P /
_ T t_:\ ;
; ; i} LA L]
T AT A
1 IR \\”;,f,il ,\‘\ /
# A I
i Pt i gy «SPg N1 | vt :
4 A LT i | i
(P leixsl®,
;.\R A\,
IR
M ~ © < ) o~
[+2) [te] wy m

700

‘ 600
117 1717 1Cr 0N S

500
Wave/era’??




nm.

, Au valuss for rednoing munuum expresssd as |
grams of glusoss per 30 0o., exsepd for ihe pure wugars, walch are
saloulated %o their own weight. Thees amples of sugars, under the
sonditions of prosednrs used (vaahl“m‘ (n)), hu'n s |
refuning pewer which is sxpressed as a pertentage of she mm

power of glucose in the !ono-tu table.

| TARLE XXI1
REDUCING POVER OF SUGARS

%
d-glusose 100,0
4-levaless R Y
A-nannces 97.2
4-gulastose 63. 2
§~arabinose - 99,
952

i |
-

!hc nho;'-coltblo fraction of mmod vas only slightly
o5 the surfase of the ligquer. It was light yellow im golor defors
sooking and apparestly was zot changed by $he digestion, The alochel-
densene mmo-awm. houm, vas 4esp red Wowa Before eooking,
and practisally all of i3 wemt $ute sclubion Vo give a very dark-
eolored 1iguor. The extead of \he setien of asid en all these son-
stitusnte 1s iadlosted by She percentags of Sotal suifur dlaxide re-
mainiag 1n the 1iqueri ia Vhis case ibe swifar diexide soxbent 1
eomparatively low, iadicating ehemisal astion and shange 1 the or-
eante wluwdle saterial.
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The waSer-soludle material associated with the $wo previews
fractions was very dark deth defore asd after cooking, vith & Mgh
sugar sontent remaining, low zl, and low total sulfur dlaxide afber
digestion. The %w water-soluble frastions obtaimed from raw weed
were alse very deeply coloved, with high sugar combent rn-dnhj after
digeetlon, This sagar weuld degrads o ferm more coler with incveased
ime,

The sight magars bested vary widely in thelr resistense %o
darkening 4n the sulfite sooking prosess. Glusose, nannase, and
calactese are .mm-n. levalese is a kstohenose, muuss -t
Xylese are nllopntmu, ssllebioss yields two glwsese mt- on hy-
drolysis, and susrose hreaks down %o give one glucoss and one levuless
molegule,

These sugers, in the order of iatensity of color mm
W sulfite m, Semparature, pressure, and Sise, are xylees, aradinose,
saorone (all very d-rk) oalastose, gludese, manmose (medimm eoler
produesed), osllodiese, mad levalose (faizly resistant). As & Soafirsa-
Sezy test, l-gram samples of the sugar in 50 os. of N per sext Nyire-
shloric asid wire heated on the water dath watil sufficient soley
dovelepnd, mmunmmmawwumum
The sugars in order of memw ot goloratien m
‘usress, arebimese, zylese, M ‘m, levaloss, mn;
«n»mo mmumm&umwwnmm
he adsorption ceafficients of this w-lr wlmxn test (m #0-
" Jutions were diluted) are found {a Tadle XXKILI ix the Appendix, while
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$he oolor charssteristiss are shomn in FPigave 19.

The two series urnnum 32 that the peatoses, arabimese
 avd sylose, are 'bi far Vhe mosh seasitive to degradation by asid. This |
18 & Temlt of the oharesteristis decompssitien of pestoses %o furfural
and the sabsequent furfural coadensation %0 highly colored material.
Susrose 1s very seositive alss, Dessnse, although ihe prinsipal pre-
dnots of acid hyirolysis are glucose and lewaloss, an appreciable quen-
14y of methyifurfural is also formed,

e tmo nbhwnn, glucoss, galastose, and muu, are
al) abeut oqually sensitive %6 milfite aefd. Cellobiese mmsl hydrow
1yse te glucess defors eolor is produced and iw evidently fairly
s%adle $o beth sulfite asid and hydreshloric soid. The ketehaxess,
'v"icm.u, is ’nry stabls 1o sulfite adid. The absorptien spectra of
these sugars (Figeare 17) alse vary wldol: Xylose and msanose have a
dsuided eurved sslor sharasteristic at this low heating pulod. The
sther m-mmmmmwwnnnumpmwmg
mmwmmn, bt Abe slops in very differeat from Yhah fousd N
u the last stages of the sulfite oeck, mt. Maverey, is a funshiea
' ol the cooking time and severisy of hnbnt. This is $llustrated
By csmparing ths solsrs pumw heating swoross for the 5- and
10-1/2-hour perieds. The 10-1/Z-hour paried soler reswsbdles very
alesely \he wmulfite liquer color. '

The hydrochleric asid-tveated sugars offer proof that the
Soler prodused is ’”w, 'Y mmn of ‘e -pocltu giu lons pres~
o3 and of the tine, Semperature, axd congentTations of the digestion.
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Ax added variable in ¥he sulfite aogk is $he presemee of calcims oF
sodium salte, which are known to form complex addition produdts "
sugars. Seme of the sugars on being heated with lvdroohloric acid
produced colors with $he curved charasteristie, &t xylose and maznoes
a4 agt » in cenirast to thair bebavior with the sulfite asid S-hour |
cook,

The ligain solutions listed in Table XXI and Figure 1§ are
sintlar in that they all axhidit the same color and are apparemily
unaffected by the sulfite acid Sreatmest. The sodiwa lignosulfomate
produced by ocooking native lignia is particularly interesting, for it
Ls the product of a low teaperstwre cosking ef sarbehydrate-free
‘material, and the eolor produoed is that of & sulfite soid selutles
of the pure sodium lignosulfomate. 7The color surve agrees -hh those -
" of the 7-hour samples on weod Gooks and offers proof for the hypethe-
sis that up $o seven hours all ihe eolor of the liquor 1s dae %o
lignin, |

The pure cotten celluloss was prastisally usaffested Wy
ocosking, even hh than the resistand spruce cellulose, Cern starch
at :aﬁ hours was M completely hydrolysed, dtut the potential
degradation had only lwint. Tannic acid and lemon wth are alm
easily hyml;lu prmuda perventages of redusing substances -
which 1a tura degrads and mm the charasteristio eolor.



5. Furfurel md Related Ogmpeusds

The generally scoepted hypothesis is that furfural, methyl-
farfural, asd hydroxymethylfurfural, produced from acid degradation
of }o;tom and hoxoses, ia tura condense, pelymerise, or by some
other meshaniss form highly colered water-ssluble asd watsr-insoluble
saterials. Thess furfurals are all very uastable and becoms Oolored
very desply with age alons, a reastion whiah is acsslerated by acid
and hea$,

The furfural aod furfuryl aleochol were from stoek ewpply,
asd the furfursl was redistilled when seesssary Vo produse he waber-
white predust, S-NMethylfurfural was prepared by the methed of
Rizkes (1)3). Eydrexymethylfurfural orw-oxymeibyl furfurel was pro-
sared from S-shloroastiylfurfural, sade ascording te Makes, ly re-
,”u“ vtfh silver asetate by the proosdurs of Erdmasn (114). These
products are highly colored om aging. The celors of these aged
produsts were dedermined by spectral traasmittances. The absorptioa
soefficients of suitadle cencentrations of these aaturally aged pro-
duats are givea in Table XXXIV in the Appendix, with the celers
mmn presented in Figure 20.

The furfursl, furfuryl aloohol, methylfurfural aad hydvoxy-
nethylfurfural were dark celored after aging, aad She color was $he
stralght line charasteristic as expested. The slepe of the straight
1ine color characteristis is agais seen %0 be a fumction of the Vread-
mezt %o which the farfural is subjected. The colered dompound formsd
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L6 bright yellew ab £ires Wat becomes dark red drown Witk age, ine
eressing cesceatration, sad condensatios. The maried -mlcity; ir
8ot 1dentity, §n the genersl progress of furfural condensatien, Swgar
dograiation, and the 1ash stages of $he wlfite aock sheuld s mted.
T™he sugars oa treatment prodwse very yellew colors at rires with itup
slepe log k owrves; aa the asid tmt'unt'muc, f,ho eolor changes
from yellow %o desp red Drewa, asd \hs elope of $he Golor eharsster-
1stic dsereases. The coler change, howevsr, ends vith the stadle, |
typioal carsmsl eolor, and the only effeet of contimed treatmest is
the produatica of ingreassd quantity, as is shown by the series of
parallel curves on 4% log K figures (rw. 5). The selers of the
fisal produsts in sceking Miquor, simple sugar degradation, and eoa-
densation of tmal w are ideatical or very similar, visually

‘‘‘‘‘

mmmnmmmummumumnt
os water solutions, Furfural 1s soludle oily te mmm of 9 per
‘oot in water. A series of test-tude ceoks ware mads with furfural
snd acide in order M.Monlio She course of the eondensation, with
aguecus solutiens of asids, and the color of the resotiesn produsts, |
thu» sulfive seid, mm-mm-uhtu a8 pre-
oedure as in $he preseding work op pure sugars; the sshedule was five
hours of hesding at 140° C, The other experimeatal dats are ia
%able XKIII. The sbsorptiss sceffictents fer $he resulting liquers
are in Tedle XXXV in the Appendix, and ihe colors are graphieslly

prnmu in Figare 3.
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Turfural cosdensation with acid and heat is dependeat 40 &
huc sxtontupon its comsentration in the acid -oiut_;nn. In 3, 8,
and D there was a range of furfural comosatratioa which gave a color
range Zrom waler shite %o Mack. The leg k plets of liquors O and D
again 1lluatrate the dependence of $he lepe of the colar charester-
1s%10 wpon ths cooking conditions. The extent of the aotion of h-qt
alone on & water solutica of furfural is shown hy ihe resmilts of ihe
snalyels of Tube A, . The pR dropped from mewiral te 2.0, & blask pre-
cipitate formed, udltho nolutlu resmdled “-imu wadte liquor veyy
slossly, visually and by sbsorpiien tji-;tn. The action of sulfuris
and hydroohlorie ssids produced volwainsus blask preeipitetes and
strong yellow salutiems, of which the sceloring material wes sese wafer-
soludle stage i the furfural condemsatisn. In all cases the straight
1ias charsoteristic 1s evident; the slepe of this 140 has besn showa
$o be dependent oz cocking conditions. |

6. ¥hs Effect of pE on Caloium Lignosulfonate asd oa Susrose Caramel

!hdfuiotp!oanlﬁnuqurmmm‘ndnoy
strated. Sinoe eulfite liquor is a mixture of meny chruophouo
utmna, e offe0t ot lﬂ o tw of the main constitusats was deter-
nined, '

RBightedn grems ot oves~iry calsium lignomlfomsate, isolated
me}hudnh, were dlsmelved in 500 o0, of wader, and 2508,
portions were pipetiad for sssh pH step. %o the liquor 0,097H )
hydrechloric asid or 0.129 B sodium hydroxide was added to the desired

£
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PE and Ahen watar wae afded 10 tetal 50 ce., making a fimal comeen-
tration of 0.9 gram of Whe salé per 50 os. The saparimemtal data are
in Table IXIY. The speotral trasmission curves are shown ia Fige
wre 22, and the corrempesdiag k velues are ia Tshle IXXVI (Appendix),

., EABA XV
#EB XFFEOY OF ADDIZION GF AGID AND ALKALL
20 GALOIUM LIONOSULFONATS

. \ 0,097 X BGL 0.139 § HecH
Semple ? ' 8 oe,

s 10.25 —— .0
s 0.2 — 10
0 1.60 ——— 0.3
D 6.4 -  uater soluion
3 5.75 0.10 R
r‘ 5. - 0.30 S
e %.08 0.5 | ——
) § 2.4 2.% —
3 1.% .0 ——

There was a0 precipitetion at any pK.

This sawple of calcium lignosulfonate was isclated frem
dark 10-bour uqm Trem such s liquor the «ulu upomrouto
is necessarily m eolored, and the ;—-ool.or mmtmnu, ia anid
sclution, is linear. This color is probably éus %o the .mmxu
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Figure 22
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of oarbolydrate celoring material, rather than deing Sypieal of the
sstual ligain compound color. The kimd of aoid again seems %o be
iaportast, dessuss the wulfite liquer solution of Figure 16 is defi-
aitely of curved characteristic, 4s the g_ﬂ of the solutioa hunuit,
ths depth of color zm-, and 4he Ius ehanges from nuoylm
o deesp Tod brewn., The “snumw of celor incresses 15§ per cemd at
h&) me, 230 per sent at 700 wmm, in $he pH range of 1.50 o 10.25.

%o complete the pieture, tin effest of PE on susrese unul :
was studied. One lmndred grams of Ary mumauuybnodh
& yield of 60 grams. This caranel was dlssolved and diluted Wit vater
%o mitable stresgth, and 50-0c. portions wers pipetted for each zﬂ
step, for addition of kdrochloris aeid aad sodium Mydrexide to suit-
able pil, with fizal dilubien $e 100 ¢e. Table XXT contains $he ex-
perimental dstails. No presipitation soourred a) axy pi. The speatral
tmuiﬂnu m. of the rnul.nu uml solutions are in Yig-
mak -mnblmtm uumenmtppmmmm
k valwes ploﬂod u Hmﬂ 25 '
s v
A

Senple P .. os.
A 11.10 —_— 15.0
) | 10.60 ————— 5.0
¢ "m L and 2.0
3 . ———e 0.5
| h.§ . Water solution
-] 3. log b d
' e- 2. .
1 203 5.0 .
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Figure 24
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The charscter of Ahe celer of swerose tarsmel is Almosd ea-
 Wtiiely wachanged ky She addition of a0id or alkall. The straight mi-
charasteristic is edserved over the entire pﬂ range, The insrease of
Mmmanmmmlllﬁmnnstmmmmeu
700 mws, with s pE Lmoresss of frem 2.%0 d 11.30. - !b&m of
 abaorpiien cestfistent vith A change was vary wush greater fer waste
sulfite liquer (Tadle XIV) than for sither the tuhh} saloiwm 1igwe-~
nlton;borml, 340 %o mmm a8 ageinst 190 % 225 per
osxt,

C. 8 VARIANAS OF COCKIN0 SOHRDUIX AKD ¥OOD PECIES

In the commeroial jrodwotion of sulfite pulp the most im- -
portast fastors affectisg the color of the liquer are the oveking
schadule eupleyed asd the rev materisl, wood, with variations in the
wood from one speciss %o aacther sad vithin & spesies, |

1. Sahednle

The effest of schedule, pressurs, snd \empezature was
s¥alled on & series of ook made §n She small digester used for the
fires part of Shis work, She cesks being made by the pulpiag olese
of The Institate of Pmpor Chmistry, Duplisate cooks vere mads at
s Tangs of 131° %o 1N3° O, maxisum Semperature, wilh no relisf
(prossnre dependeat) Wt with the standard 10-hour Mempersture sched-
uls alresdy um-noa, with 5540 grame (om-dw equivalent) of
sprese sMipe (-W 1ot), snd with 36 1ters of Galoiom base a0dd,
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6.@ por ceat total and 1,20 per esat combined sulfur dioxide,

The resulss of the analyses of this series of uok. are
givea ia Tadle XXV, and the tranmmission spectire are shown in Fig-

TANE IXVI
EFFRC? OF TRMIIEATURE AXD FRRSSURE IN SULFITE COCKING

Tenpers- Maxisum Total g;nn - Abgorption
Oook fure Pressure Tield Nin0y D s Coefficiend
Busder 90, 1v./sq, 1. $ Buxbey % 600 mmu
150 10 ™ §6.6 12.2 12.8 0.6
158 1% 15 6.7 12,6 13.5 0.%59
a4 13 ™ n.s 9.5 2.1 0.31
168 xkg 133.5 e 1.2 6.5 5.2
174 140 130 §3.1 S 5.8 1.3
173 1ho 123.5 hi.g8 1.3 LR 2,
18 137 15 2 n.7 n.a 0.66
194 1 107 8.0 12.1 8. 0.
193 134 108 7.5 12.% 16.0 0.52
204 15 99 g.l 18.6 £5.0 o.n
203 13 9.5 J 1.7 51.2 m———

Gooks 15 and 21 are inclwdsd $0 give & ecaparisen with eom-
merelal prestice. Thess oscks were relieved, heldlag 75-peend saximmm
pressure, whtls in the othars m axoupe preseure hcml ‘the d‘tm
of higher Sempersture. The effect d‘ 1nemlh¢ uﬁm tuporutm v
was %o deoreass the yiald, the permangisate mmber, mmd the Iignin
content of the pulp and to insresss $he absorpiien eosfficieat of the
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Figure 26
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limt. The yield and permanganate mumber cerrelated wll with the
naximum temperature, and the absorption coefficient of the liquor s
related to all three, This is illustrated Yy Figure 27.

The most upirfuﬂ finding hers was that the yield and
permanganste mmber of a eosk ave related directly %o the liquer color,
independaatly of ths woking eonditions. The pressure has besn shown
%o de a major variakle ia cocking, dud here the yield and permanganate
zumber of the pulp and the liquer coler of cecks at 75-pound pressure
sgres with the resulss ef oecks at 100- end 110-pound pressars, with
tompensating lower maximum Semperature. ZThis is the legical resuld,
nanely, that the liquor selor i¢ a measure of the degres of sooking,
independently of the variahles in the coek.

The duplicste eooks 4id mot agree in liquor eolor as well
with small scale equipment as with ¢ommercial equipment. The secks
8% sxcessive conditiens were partioularly diffieult to duplieate de-
cause of $he extressly rapid o lor inorease at $hs high Semperature
range.

2. The Yariation in tds Color of Sulfite Liquor with Varions Species
of ¥ood : |

The previous phases of this investigation have besn con~
eerned only with pruoe as the raw material, Meny other species of
hardwoods and softweods are pulped commereially dy the sulfite process,
either individually or ia mixture. The hardwoeds ars very different
fren ioﬁwoodﬂ in wood oonstitusats, and a wide wariasioa in the
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Aquér ooler weuld b expeoted. The composition of epruseweod has
Voon disenseed 1a some dotall, asd 19 has been polated oud that "ive
yau- ia gevaral oenlain § $e 11 per cext pemtosans, Havdwoods are
very rich in pentosans, oonbaining 22 %o 26 per cens; Shis frastioa
uup'ormtuunmmin-umeommammmm
of furfursl from peutesans ou acld treatmest. The ligais comtext of
hariveods varies fyom 18 to 22 per cead, in contrast %o 26 %o 30 per
ceat for softwoods. Nardwood ligain &s definitely Mtoront in utm :
from that of sprusewood; ithuuhidm'n\homm, uleh
utuv!out spestral aho:pnn ourves are differesd.

The woods used for this casparissa wers spruse, daless fir,
vestern hemlock, bessh, and white Direh. 7The physicsl tests on the
woods used are summarised {a Table XXVII, ‘

SANE XXT1I
PETSICAL ANALYSIS OF WOODS USED

Densifdy in

Yood ‘!:n": o s-om 532:’:2.“.’ m-‘m
Spruse % 6o "us 9.9
Daloem fir B TR 11 SR N 2.1
Yestorn hamlosk Yag 2.2 29.0 15.0
Beosh = 1.9 13,0 .1

Yhite bireh %0 7.2 %0.2 h2.9
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These woods weze barked and shipped by the same precedurs as was used
for spruse; 5940 grame (oven-dry squivalent) of esch was soeked with
26 1i%ers of 6.20 per oent SoSal and 1,20 per cent combined sulfur di-
oxide By the standaré 10-hour schedule. OCook 15A of the previeus
sectinn was used for the sprues somparison gook. Liquor samples were
$aken at seven and tem hours; $he pulp was washed and prepared for
analysis by the standard procedure. The speciral Aranmmittante curves
and the 10g k curves are pressated in Tigures 28 and 29, respectively,
with the abeorption coeffisients in Table XXXVIIl ia the Appendiz,
From the transmittance speotra of Figure 25 it is evident timt he
seoking of beech produes the darkesh liguor, followed by westera
hemlock, spruce, white birzch, snd dalsam, in that order. Zhe cwrves
of log k plot iadlcate that ihe sctusl hme varies widely with the
wood spesies and that the colors prodused are not simple. Testera
hemlook and beech in particular produce liquors which coatain color
components not preseat im spruse liquor. The possibility exists that
extractives, lignin, and the hemiocellulose fractiom of the woods are
all eoncerned.

, e unlmm- ‘Jeashed from the transmittance specirs |
o conccrnhg m nﬂuty of the cook on each wood are tested by chami-
. u); mmq of m mm- ond puly preduased, The data are prnontu
in Tadle XXVIII.

The balsem fir used in Shis study pro&uced s hard cook, with
1ight liquor, high yield, anmd high peraangamate numbder. Ths beesh
gave the lowsst yield, & high permanganste masber, and the despest
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Figure 28
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mm- Qoh*. !hc uroh was vory satisfastory from tha pmuul

”_ﬂ.&niﬁ, u&mch ﬂ-u, miu-mu mmber, and a very light-
colored pnlp.

The Mul of Ahe 1iquor semples indicated again that the
' 1iquor constituents are of 118%1e use in the atiespt to determine the
ohromophorie groups present. The hardwoeds produced sore redueing
sugars oaloulated as glusose and, if the redusing powsr of $he penioses
19 taken into sscount, this differeade is even pﬁotor. The total
solids conterd 1a the 10-hour liquers ef the softwoods was 20 per cend
Mgher than that of the hardsoods, vith \he same or lower yield. The
volume Qf u;n\or and welght of oven-dry wood charged were identioal,
"and the low solids conteat of She hardwood liquors iadicates \hat eon-
sidershly mere material is removed frem the fibers during the washiag
of ihe bardweod pulp or, less 1@, that a high pereentage of the
total selids cosbent of the liguer is volatile at 105° O. under the
conditiona of the Vetal solids determimatier. |

‘%he 1igein frsations of \hese weods are definitely differety
~ whereas these of balsam, western hemloek, and spruce are very similar,
that of the hardwoods has a highar Mle sontent. The Venzidinme
prosedure for the detersination of ligais in wulfite ligior ie almest
a conplete failure for hardwood liguors. Ouly & maximm of 40 per |
seat of the methoxyl coxtent vas precipitsted, as sontrasted vith the
75 per cead resovery tro- sprude liquors. The balsam and western
hemleck lignin salts were only falr in $his respestd, with 69 amd 72
per cent recovery of methoxyl. The -omm‘ content of the softwood
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1unmmwn presipitates WM that the umu of dalsan

and weshera hemloak are M_hr to and o ontain approximately the same
_smsunt of metbaxyl as does spruce. The methoxyl sonbeal of ¥he hard-
“wood nm»muun pmiﬁutu was nppmubl: higher Shan that

of spruce, h wﬁ with the htm nethoxyl coatens of thuo hard-
- woed lignias.

 The celor of unblesched mp may come from three nmin,‘
(8) the residual 1igaix, (}) coloring matter of the wood mod removed
w mﬁipm prosess, and (g) eeloriag matter sbsorbed from the
sosking liquor during pu laat ,m of Vha. Mﬂton. The bleacking
problem is the rmm or .u of mn.

The mlmuc nlyn mn m. -nln of nooh o! differert
speoies ahow a vide m of color. These eclors are shown in Fig-
ure 30 in the fora of Wnl reflestivity esurves.

The dspth of eolor corresponds fairly well with She depih

of liquor calor as shown in Figure 28. The Veseh pulp sad liguer have
dsfinitely the lawest color, and bleashing experiments have shows that
besch has & Mesching Toquiremsat far higher thas the liguin dontent
and Ma'm& {nicats. The daleam ceck of this series pro-
snaed & fairly raw pulp snd, comsequenily, & dark pulp, in contrast Ve
the 1ighd liquer. The spruce and Mreh are definitely superior -n& ‘
for sulfite palping, and this work only confiras mmamnan
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Figure 30
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I

The courss of tha sulfite ocoek sannot de divided in” w
or thres arditrery lhcu on the basis of the evidenoe odiained in
thh 'otk, that h, the optisal and shamicel M]‘I’l of the ltm |
On the comtrazy, Sbe 7ste of insrease of the major coastiSusnte,
~ ligain sad suger, uwm;mm-:.m:.m.:mcﬁn
is reached, almost $o the point of satisfastory deligaifigation and
umuou&ouk A saxisus is Teached a¥ about nima sad ome~half

hours® ﬂuhm«ouunm-mdz sontimuting the sook %o
ntul mﬂonot w mp www mmsmm ths somoen~
‘¥watton of W -q-r .m;amu of the liquor.

mm..txmnotmummtnﬂtb umr
i enbively wtmu from that of $be major cexstitusats 1n She
extire oeek, ,m, & WFW linear relationship has beea
astablinhed Batween »WM the m ocontent of the liguer from
Shres %o sevea howrs, aMg to ke Senperature range of 110°
‘%0 340 G, This correlation 18 Arue oaly for Ligata sad celer and
1s meb valid for the sugar-celer commentrsiton relatienship, beomse
an appréciadle solor is preseat bafore sagar can be deteated and be-
M the welghi of evidense is aghinet the peasidility of mueh sugar
dncrnhnu at the low temperaturs ia this pericd. The concentration
of caleiom npunumh, kngwa to be nrm ehromophoric, is tto
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%o four times greater during this paried than the concestzation of

¥he aharsster of the sslor changes throwgh the course of
’mmuuumnunm»mmm In the early -

hours of the sesk, sone ahvomophorie saterial is diuselved and ab-

scrbs strongly ab 500 5o 700 mm; with {nereasing Sewperature asd
wilfenatien conditicns, Shis ssler is destroyed, et anly in the red
esd of the spestrum. Other eoloring sterial is disselved at sbont

She sixth houy of the oeck aad masks this reversion. The sxset

nechaxiom of this Golor Feversion caamot be exploined, Wut 13 is ua-

avbtedly soncerned with either the weler-soluble material of sprase
" of vith the pregress of m.utlu of ligain,

The aajor shangs in the elor of the liquer, hewever, Sokes
pm-nm&va-uhmm AR whish thy color charasteris-
th, ﬁthckm, ehcuntmaduih(mtonntd&in&
m-mumwummmm»muum
charenteristis nm-g-muw the Soler of the sarbolydrate dagra-
dation produots, the es¥amel, whish has the linear color aharaster~
13826, The weight of the evidenss is iz support of this eolor dif-
zmm, bud humutnmotllnuuﬁum“lwmn
s not confere te this classifiecation,

1sclated aaloive ‘M sodium nmuu’outu md the sods
Yase liquor produssd by digestion of ative gain all bewe spproxie
mately $hs same coloy, With the md ocharesteristic amd sppresisdle
 sbsorption in the ch{ﬂn spettrum, produoing a yellow brown
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rstw Maxolmnmmum The doler of Me iselated
a 1ligain compounds is appreciadly aﬂuhd by She cesking conditienst
mnma-oumummunwummmrmw
_ ths oolor ef burat mwma materisl, This is prehadly only the
physiesl effecs of sdserption of caramel deler om the ocellofdal lignis
semp sund - ’ . '

‘The solers produced by hesting pure wagars in acid solutien
are, in geaeral, of \he straight 1ime charssteristie. However, xylose
and mannoee do Mot prednss Ahis eolor iR suLfiVe liquor ea mild heat~
ing, although ia hydreshlovis asid they beth give deep~volered seln~
Vone which have the 1imsay log k characteristie. The slope of e
Laear 1og k chavasteristis 1 epperestiy » fusction of the severtty
of the mmﬂin, mdeﬂQnMOnm, N
N lov tesperatere, Ryirsgen-ien conceniration, md time, dsvelop
-tm Fellew selers ma no red adsorptien u‘ ”WW 20 Wrewm
thﬁ. Idgnin nhttm under all econditions of tmtuut sdserd oen~
»msmwummuummunmww
1y wowa. |

As tha sugar Eegradation radation firosests, Ibe dlope of the Limear

 log ;Mwm« W Lass; o rewals of m umma rod 1DV
:'mmuu. uumm«m-m wmt amndm

" %hare is a styeng esemdlance betweea the coler 1n some stages ia this

| mgar dogratstion nl the esler of aaleium lignemilfomate, and it %e
;ﬁpondilo to Ldeatify an wnknowa solution by ool& uisu, either

| 'ﬁ'u;-nror Yy spestral _.b-erpmn‘ 4sta, 1n the range of the spectrmm
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fren 400 to TOO mwe.

The course of asid dsgradation of cardohydrates, frem celiw-
1088 and hemicellulosss $o colered sclution, is as follows

Highly eolered

kwx, condensation
Cellulese prodacts, from

Eexoses water-soluble of

h-! “.m“ material 0 i
¢ “‘ soludle hnmio

. sabstantes
The condsnsatlon of furfural Vakss plase with age alome and 1s sweels
orated groatly ¥y acid and heat. 7The colers predused follow the same
course as those found for purs mgars, from w yellow solutions -m
stesp, linmear log k coler charasteristic te desp red brown colers, |
s$111 with she limear oharacteristic, JFurfuryl sloohel, metlylfew-
fural, and hydrexysstiylfurfural have he ssse color.

An attemp$ o explain the color of sulfite liguor during
wood digestion wp %o oma Bours has alyeady been made. JFrom Ve
sevesth hour %o $he sad of \he Gsok $he eolor inoreases ab a rate far
oud of proportion $o the imorease in conseatration of any of the
chemically measuradle ligeor compomsnts. Oz the basis of the pre-
oeding discuseion, the assamption is now mads that this great solor
1mmo e due t&ﬁﬁ M %0 She Gegradstion of sardodyirste ma-
torhl, mtolm and wlau. Thie thnrr is based oa Wh

‘4n ubich W 'lﬂn litm mq fron the bLuffering actiom of
ﬂbcr, was obgerved %o imsreass 4600 per cend ia coler eonuntnuen,
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vhile the sugar coateat decreased i per cend and the ligain decresased
only 4.7 per sent. Oalelwm lignosulfomats is almost abeoluiely stable
to sulfite aold digestion, with a very slight color imcrease oA pro-
lenged heating, 1in marked sentrast $o the great amouat of ooler pre-
Sused Yy scid digestion of pure sugars. The liquor sampled at the
seventh hour had the ligsin color, whish ehanged $e thad otnmm
on heating. This eolor ohange mmmmﬁnmcw |

that taking plass in liquer in coctash. vith fiber; for comparsile time

and temperature the effect was ten times as pm A pars of the
cardohydrates of the J-bour 1iquor ssaple vere monrednsing asd are
apparently present as polyldémtm with redneing pewer lower thas
that of the simple meleculs. These sugars were @1-‘&: hyérolysed
W further heating.

The effest of age on $he oolor of liquar semples from all
stages of $he ook wes observed and carefully checked, IV was theught
possidle Ahat & coler insresse and reddsaing might start as scon as
mlmorm'nommdhtbdr, an action smalogous %o
that of the reddeniag of unbleached sulfite pulp on expesure to adr.
There was adselutely me indiscatien thal this eecurred in any stage of
éocking af five spedies of wod. The mpeotral Szansmittanse curves
af all’ thuo liguors wers idantical %o 0.5 per cent or less, wp te
several days after sempling, om liquors kept in ordinery asn bottlen
with rulder stoppers. Aging tests up to seveniy days indinated that
b7 ehaap in ooln ossurs 1n this poﬂol. du$ another Sesh huuiol
a -liaxt lumu tn um caletv- salfite settles cut of Shwee

m mmxgmwmmmuy,mmuw
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content drops, tut the coler is very stadle. This insdicates tdat the
caramel color 1s a stable aldshydio resinous condsmsation produss.

The sohems of anslysis of Vhe liguor sasples mea not eadire-
1y satisfastory, bul with some imberpretation the valuss obdainsd for
1igeia and sugar content aye not %oo obsoure. 7The prodlem ia this
analysis is the 'mumm ssparasion of mugar and ligain and the
neasurenest of each. Two dsterminations of the ligia conteans, the
nethoxyl content of She total drisd solids, and the amouat of the
bensidine precipitate m} always carried out. The methoxyl contemd
of sthe u}uu indicabes nore $han $he attual amount of the lignia
presens, becanse ths Rative liguia contains oaly adout §5 per cead of
the methoxyl coutent. The bensidine pmeatpitate, om he other damd,
containg only about 75 per semt of the $obal methoxyl content, and :
‘tharefore all of ﬁw'unll is nod procinltdll.'// '

| Two sugar sndlyses wers also "m, on the original liquer
and on the £1l4rate from the Wensidine presipitaion, whioh gave
values of abeut 95 per send of those on the raw liquor. This uiud
the question of the ¥edusiag power of oslolwm ligrosulfonate, Uadive
1ieaia undowdtelly doss rednse Tekling'e solutics, bub the reductng
power of the salt s s¥ll wndestisd, The welght of evidemse is
againat any refueiag power, for preparstions beve desn made vith aone.
The afalysed pro@nct prepared in Skis etuly conteined 1 pev cemt re-
dasing wugars as glucose, but Shis sculd easily result froa sdeorption.
The 5 per ceat less £n the Deasidine presipitation procedure could al-
s¢ be mechanical entraizment er adsorpiion by the flosculeat deasidine-
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- unn pn-mm- and the andiydie éf rav 1iquor, semsidering these
fasteis, 16 prodedly the best method of Setermiming the sugar somtent
of mifite liquor. The cupsous exide is move diffieult $o wash ia the
presence of the 1igaia, but the procedurs is e¥ill very sssurate.

It te very Gifffcult to sbtels asourate absorption ooefs
£10iente on dark, highly solored liquors, usiag a fixed optical sysbem.
Sulfite 1iquor dess met oday Beer's law oa #lution with mater, fresh
sulfite liquor, or muu Wm.m asid. 1t is prodadle, howsver,
that a buffersd solution could be found that would be & sabisfeotory
diluent for this phase of the ammlysis.

AlL of the iaportant eomstituents of sprusewcod were iso-
lated and coeked m‘hlr The ttm-nlublo material was nm
yollow ia coler and sot appreciably attasked Yy sulfite asld. The
alsohol-bensens-soluble material, on the other hand, wes dark red
rowa and dissolved slmest completely in sulfite asid vhea digested.
The water-scluble frastions are all dark red hrewa as isclated and
iacresse/in esoler on anid wzu. lho Mulluhio was \be
greatest source of Oolsr, as was upocua the m«unulou was ab-
Sacked u propertien to tb hamicellulase contend, and the resistant
cellulose fruuo: was nmo sffected.

The :u-uonnlou fraction dagralation was further lsvesti-
@mw«mmm sugars shich have been isclated from sprase
and vhich eome meialy from $he hemiosllulese. The resulis indicate
$hat \he peatoses, xylose and arabdimoss, preduse the mosd cclor ad |
are attacked firet, The sldohaneses, g100ss, msnnose, and oalastese,
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are 0.1.1 lilﬂ.ll' in behavior, and the ketebaxvee, hvulno, tc mum
least and produses the hut colap.

© The effest of pil was investigated on mulfite weste Liquer
and on ths twe major chromophoric cemponsats, ulnh- lignesulfonate -
and cursmel. The lignin eempouad alons (not the caramel) is responsi-
¥le for the color anift, with {asveaxiag D, £rom yellow browa fo Ted
brows, The oolor of -u tm wibetances 19 wnalfected Yy aclilly
Delow about pi' 3.0, mﬂdammutu nn-l are both -
mummunmnammwtmmunam The
‘inoreass in eoler was oaly about 200 per eens for the isolated carmmel
ut ligain but averaged 600 per ceat in the raw ligquer.

The inpertant scmsereial variables in the sulfile yrocess
are \he wod and the Semperature schedule. The effech of varying $hs
maxiwes Semperature prodused smoeth curve relationships betwesn liquor
abtorption soeffieients s the maximmm Semperature, asd, with the
_ ather dspendent varisbles, palp yield amd pMo maber. With
t‘& fwo varisbles of tSemperature and pressure 1% was found S2at yield,
M :—w, and liquer ecler correlated perfestly, ne matter -
how the opqntin’ ﬁ:&;u« were changed. In other werds, s given
14quor color will always result from a ovek % certain yiald aad pere
manganate fubor, within the operating lisite used hare,

" The wariatios vliﬂlaninglc th#hlﬂlﬁ.ihhih Tange
of speotes of weed wsed for mulfite pulping prodused a variety of -
liguar colors. The liguer Colers from beech snd westers hemlook are
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extirely differsnt frem that of spruse, Wub those of Bireh and balsem
are fairly slose to thal of spruce. These Golors are med siaple amd
Predadly result from the eatirely different nature of wood extrac-
tives, sugars, aad lignin. The color of the uablesched pulp and the
Bleachiability are to mome .dhnt a funeiion of the liquor coler.
Besch, for sxasple, prednesd s very dark ligsor and an equally dark
mdp,

e
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GONOIUSIONS

The soler of sulfite liquar during the ceurse of She digestien
Imnu -imualmwun nuhmunnm vuhm
sinor mrum in tho early um-.

The soler of the Liguer frem the third %o the seventh hour 1s
practically all dus to he selcium lignosulfonsths in solutdon.
Up to the third howr the slight coler present is thought %o be
us to water-solubls material and, to some extenk, to 11@1:.

The soler d the liquor after a temperaturs of M‘ C. has desn
reached (after the sevenih hour in the scheduls used here) is

nomy dne %o osrdohyirate degrsdation material. The lignin ia
solutien is nhhlc nﬂ. nstrthtn a mu anonnt of color, dwh

v

this centribution 1: nmt ‘a8’ mmc mn that of the burnsd

“ - " e -

i . g S ) D At S

SULATS, 11;{:_ e kR ) ’ .

e U, i
wn. . C T

The pitch asd resin in spruce are highly calored snd are removed
to the 0x§m of p-‘r oent by the sulfite digestion, The effeet
on the total solor at s ond of \he Seck is predably siight.

The charauter of the u’qﬁar solor {hes) changes in the course of
%he cook, corresponding to the sbeve ibo:r of the course of the

dominent chromophoric majerial present at any stage of the oook.
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The effens of age up to sevenly days on sulfite liquor samples
from all stages of the cook is very slight, 1f it exists a$ all.

Sulfite ligquor does not accurately obey Beer's law on dilution,

The indicator effect of change of acoler of hlﬂn liguor with
ohau-olglmmhohontobodmpnmlyuurdy to the
saloivm lignosulfomate, The great inorease of depth of color
wish increase otglfmnidto alkaline 48 due $0 both sugar
degradation products and %0 $he lignin compousd.

%he hemicelluloss frastion is the source of most of Vhe sugers
which durn to give the greatest smount of the color presenmt in
sulfite l1iquor ab the end of the osok. The pentosans of the
heaioelluloss fraction are sasiest to hydrolyss asd are degraded
fastest by aold trestsent, and the kelohexoss, levlese, s least
affested. The aldohexoses, 1.s., gluwcose, galadtose, and mannoss,
are average snd all x#" abons N_n‘;fmo resuls,

‘ﬂu color prow from nrbulku by acid trestaent is a fume-
Attn of ﬂn mo, tupou\m, »-uﬂnuu, md type of sugar

and acid presezd. The charaster of the color m& is best
sbown by the log k ourve; in general, sugars hnn alinsar leg k
curve of varyiag slope, depeading upon the ocooking comditions.

fhe wood comstituents, cellulosse, !uuuno, and pentosans, hydro-
17» to the simple sugars and thez break down %o form insoluble
neras and furfural and furfural derivatives. Thees furfural &e-
rivalives condense %o colloidal coloring -atm‘ and insoludls
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resing or humic materials, all nktns up the caramel sysiem. !h.'
log k color charssteristics of the hsated and maturally aged fuf-_
fural and furfural solutions are lizesr, agreaing with those
colors obtained by heating various sugars direstly.

All of the lignin preparetions szamined have a ourved log k ooler
charasteristic in _oo_atuu’ih the linsar nature of that of the de-~
graded earvohyirate material.

In a study of the affeat of maxisu \emperatuze, smooth curve
relationships have been established between liquor color as meas-
ured by the absorption eosfficient amd the maximum tﬁpcrahn
and detween the liguor coley snd the dependent variables of pulp
yield and permanganste mumber,

Five species of wood have beea uonpagcd as $0 liguor 00l0r=-
sprece, dalsem fir, westera hemlesk, beech, and white birch, The
log k oelor charasteristics indieate that, while balsam liquor
color closely resembles that of spruse, the western hemlook amd |
beseh are particularly different. Thess liquor celors ave eomplex
and result from eatirely different wood axtrastives, ligain, ad
sugars, than are preseas in epruse.

The color of She usdlesched pulp from these spesiss is %o some
oxtent rilam to the ligwor color amd may be important in bleash-
ing. The desch liquer and ushlesshed pulp sre the best example
of dark nqn_or and mk“:nlp, ,\dtp_uonlin bleash requirement.
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