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Altho@ eowunbxa nuraturo Qxht: ou .ulﬂrut.y. rocu
‘tn the knft pulping pru«n, thon hu bm no ol-ar statanent of the
sub jeat ml of the problmu invﬂvod. Oonuguonuy it was necessary %o
ke a tairly omplete proli.mlmy -m-lyn- end historical r-un of
i subject, o |
o In order to prmﬂo s lcgml ang ordorly stﬂctm thramb-
m this pﬂlhinu-y treatasat, ‘bhc mm»'- own nmlyai.a of the lubioct
nﬁ u:o wtdm in the litmturo han bam omuar.( tagobhor. 'mu
n;mm vn fcmd to be mpormr, lu uu purucuhr e, t‘ro- m
Mpaht of n‘dqbui.\y. wmm. in seversl instances an cﬂc&n‘l
mlxsh oi‘ thc avuhhh duh nt M. mﬂ omluoiom wore dn\m .
‘uhi.oh uo mt umly axpruud ip ﬁu utmtura, but which unmt
_ wll. he umud fm this diuuaum nthaut K nnerltica in thq logical '
7 order ‘of Srestment, | ‘ | | “



R I .;anrexs* oF m‘gm'm misioaiuan REVIEW o
| The aotive mpomnu of ﬁ kuff. mkimg uquor aro »dim :
hydroxtdo and ndium mlﬁ.do. ' ‘
- The oonpon:ltlon ot 'y ;um nquot il -xprnud as tht ratio
d' ne&i.uu mlﬁdc to toux aeuvo tlhu on ea Qqutulmt Mm
o (“ w m S
w"'--wh..aﬁmw :

Tais value is kaown as the '-mmxw of the liquar, e am def1n K

| uuon of -umduy axprcun the am-sum 'Y ‘wm m.m.auo |
. eleali.® fhis {noludes sodium oarbonate 1a-addition to sodium n,yarauu L
"mwmmﬂ«.: | T ‘ S ke

' Ao i ,ht ve cxym.a, proporﬁon of oulfidc; or tha pul-

.,\ﬁuw, afflg’u the omking aﬂwﬂtu or a hraft. l:lquorc

- 'nu add&ﬂon of. -um.u h u na apok&ng uqnor roﬁ).t-a Lu

N . -trmg,er puly and 1mum m r.u qt doumifiunua.

: : ?lm grum -wmm nr the yulp is momux q&trihuw to

the :lo\nr utu o(' nlution of. pnnm;m mg h-toql,lulnun and of
"":dtgm:uon et' t.ho nllulau. v Althou@h uu mm for ddzm uuon

u cnbnhytram qﬂl tho rmvm for .imnund utlon on w» ikgnin are

‘-uadauhwb clan‘ly unw. t.hu dhcmuon is oonoornod ﬂrpt ot’ all .

"k & shudy of the 1neronse in nu od‘ éou.gniruuuom S

‘rho oxporimmul ovi.drwo in the uunmn ror the opuung

- up of dousnir&uuon by the prqunoo ‘of oulfide u qul.to qx’oamivo.

. Hawley and Iho (1) gua cmn choﬂug thc rexoval of

f ”ilgnﬂn from jaok pine by a soda uquor ang nlu by n —p Hquor wade
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by'adéing sulfur to the soda iiq@. vhen ihoqe curves are plotted |
on the same graph it 1s uon that ﬁho‘dnllgnifylng sotion is appreci~
ably fester vith the kraft Uquors Arrhenius (2) is suthority fer the
outum tkmt the rate of .olution of the incrustants is greater in
sulfide solution and in sulfate liquer than in soda liquor of equiva~
lant ‘sﬁrcngth. Hagglund and Hedlund (2 rapériod 'tha'n. an mcro#u in
t,ho' ratio of nodiunﬁ sulfide to sodim-miexido increased the pulpiuf“
‘ nu.f. Kress And HeGregor Q) presanted dah tar somparable krefd and
soda eook- vhich shov a lower lignin eontcnt in the kraf't pulpe The
data of Johnnpm (3) ohow a desresse in the shlorine number (,ro;;'tv-'od-‘
- o lignin contont) of pulpo with inereasing sulfidity. bgnniimhli :
work hjj .uam done on this suhject at the Péﬁﬂ. Products quontériin.’ ar’ |
of buudn.- The fellowing statiment is quobed from ame of the puolie
uti&ni of t!ut'moututi.onv.(ﬁ)c . »'-‘bo. the additien of sodium -ulft‘il’i- i
to a ul.uuon of caustie loM m- ‘s wore rapid pulping of oonifcm
voodu"‘ S8ome unpublished oxpcrtmnto darried out ct. ‘!ho Inctitutc n!
Paper thmutry shm«l e« deoreessé in yomngmto mbor (rola'ood h

lignin cont.ont) vith increasing su: rtéity.

Y 3 nm‘oer of amntum hau' baen made in tho literature u )
to why mlrido apesds up t)ae mp:,ng rumlon. Th-u umrriea, toﬁothor
. with mmo addiuoml pouiblutlu. am discuuod criuoally belows
" 1s The presence ot' .ulfido iona may aid pmt.ration (by
raiulng omouc pronuro)- This thoory is tuggmd by the work of '
Klein {1)._ Aet.ually the -ulridmh present principally as nydra_yulw -

fide ions as & result-of hydrolysist



e

‘Hagd ¢ HgD == Nasi + Naoli.
As & matter of faet, :penetration ie not a very important
| faotor in alkaline eooking, usé&uno;it ie relatively very rhé;d.
?urthokmoro. the spéoding up éf delignification by sulfice titoi
,_@h“ vith wood meal or wood planingl as well as with ohipa (8).
2. “The offects of sodium sulphide are due to the mainten-

-a?i"of.; raducxng ntnqnyhoro in the'd;gOQtor. This is & fairly com~
won thiory whieh is quoiad,tron Kress and AsGregor (4)s e preaenéo
at' mli‘ido tmquo'-t'icmbly' furnishes an eavironment less 'fa;v‘onah
ioxldction thtn ,uro sodium hydrexid. saluticne. This effect could bo
| 1nportant tn provonting dogradation of thc celluless. It-tn moro dif-i

rlcult to undorut;nd how a radu»ing *ataosphere® ceuld aid doligntti—
‘ Oﬁ£iO§o Oxidation and d.grnd(tion of the li&nin would seen more likely
: te us effestive in lignin rescval. There 1s the possibility that, -
'Y nudo:r 'nmoaphart" the lignin wnld be resoved in larger unitc.
Ihiah Wnld not undergo f‘urthor ao radution with its oonaequont ccm-
ompttﬂn of chuiulu Thie vould r”ult in & higher chemleal concenw
tration an: pmzt ;mro rapid pulplnm 'rh;o‘thoory mus te explain |
. stidies aade at the Forest Product.t Lanorn.t.oriu of Canada (§) in
‘»mich t.ho chexical eonomﬁrat.ion wae mint.ginod unchangd in all cases,
;and tha cffeot of pulfiq. was still observed. |

i "%« Stevens (2) bu s zented thnt sulfide acts as a “de~
| nothilﬁting agmf" Thll statenant ie undoubtedly trus. Sodium hydron» :
ide is likoui-o effective as a ‘idmc&hylntin agont's, Hore mercaptan
1o formod at high sulfidities (10), more motianol at low sulfidities (1).
It is dountful if thie erfect alone ia responsicle for inbrused delip-

nifiecation,
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4, ‘rho following theory was su gested by the writers
"The most likely explanation ra;} the diesolving of lignin -
~in alkaline pz?ocu\.u‘ is the formation of a sodium lighate by remotion
of the alkmll with phenolic hydroxyl groups in the lignin;. It i con-
ceivable that, in gt;ft oo;king,”thb hydfoxyl.gronp-'xogct~éororriadxly
vtiﬁ sodium hydresulfide (!;sé)‘g#‘n;yith the more stable sodiun hyqxox~ 
tde (naoa,. |

But, as.a m‘ttor of fhot. nodiun hydroxido and sodiun hyﬂro-
nulfido are oo-ontlally coupletoly 1onisod in -olutiou- of palpin;
strength (11)e It %0 not immoediately .ppgront why sodium 10&- nhouli
be more reactive 1n the prooancc of hydrosulfide ionn ‘han xn the prt!;
wnce of. hydroxyl ionn' |

5.v There il [} posciblliﬁy that ‘cﬂium -ulrid. ;ato cata~’ ; 
lytloallj in kraft sooking. ' A

It s diffieult o sonceive et any catalytio maohcn&un othor ,
thaa a possible reastion of bydreswifide ton vith the lignin to replace’ |
hjdroxyl groups. Th' g 1 zroup- thus tormed could ronot uith lodlnn
ion to gtvo «5Ne groupc. '” . '

6. Thqr- 1: ovidunao in the. literaturo that thn nqro rnpid
nction of kmurt cooking liquoro dopcuds on the formation of auifur
groupu in th. ltgain nolooulo. and that thcnq groupa rendey %h. ligniu
‘more loluolo- . B

Dienisow (Ag) qauto' Kluaon to the effect that uqct ot the
sulfur 1n the coeking liquor *goee from thn Hlbﬂ into a ca-hinod state
with the lignin aolds and othor organis sudetances, Furthormor. thc
ﬁH’ Zroup snters profcruntillly into rquotion with tho vood. and thare-

after the sodiun sulfide bnh;va-Altoolr }u:t 1ike Nach.® xlaa«n
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omludo- trou thin t.xat sodi ulﬂdc is tvice as wenk as. Mhﬁ

» hydroxido» A

Klason g&vu waph data. to nhow thn sulfur doea. oonhi»

vitm tho limn‘ -He has m&db uulfar oalances on xrafe oaohq Qﬁ* w

) tm.oh show m » 5 per oont of t.m sulfur codbimd \dth e um

in ‘mc b!.uk liquor.

Bauoor (w found tm only T~ 15 per. cmt of the lodk- .

' »mlﬁ.&o in tho uqmr was commn‘ ,tn huﬂ m’iag. m h&l ltudy no

nade \dﬂr b«nmood. Tite, diuunidq 16 concerned prtmnrﬁy vith the .

”»kxut pulp&n&, of coniforout mou.

f t

luugfon ( m hes nut eqnnidmhh prou’”l in: this fum

' -»sim m hydrolhu of ndim -mu. ip “ nmly mmplm at m

mattu-o. h. «mlu«d ﬂut. in N Wt oooung nguor. only ndhh

e hyaizoxido and. muu- hydrmlﬂdn are yremt st cooking mp.nmn. |
‘ Tlult;;uu enguw wad with puro »ﬁm hrdrn.ulfiu, md ln m of
| =hh morimt.o du ho obt&h a Jioh ionr thm a3 por mt.r Jiénu.m

or w0sd. m.h mmu nyeroxza. proamu the seme yield in & -non-r u” |
| ‘- wltb mkc mnng llquon- Bannr. M both thase product- urb

‘dtgntod Vith' -oas.u- mmuu. 1% was tound that’ the Ohipi wmm nad

bm prmokod uiﬂa Mim hydromlruo pulpod comucubly fuur.

o :_(m mlyou ot xuugron'- hu ahon thn. tb,c hl;,hor tho mlt‘m‘ ton-
Ctet o or the m” obmw in e udlun hydro-uum. cooka, m nore

pid tha -ubuM dt;ution.) Kulmq}o mlu-unn eom.un m

| t‘auuxns atntmontz "Ihu h-havlor ot mn’bdc in kraft eooking d.pcndl

on the Pact thnt Nu-a!. nhich i,t.“ir u u mk‘ digestion modiun. forme

Wulfar ccmpousida vhich are. more sasily attacked oy tho soda uquor tian

thl ca}.f‘ur-str“ mbnhmo-

LRI B
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From she acove survey it may be ¢ ncluded that the ¢peeding
up of the pulping ronctio 3y oodlm sulfide is dua, vory pmbably

to the action of aodua hydroaulftda on ligaine

e mm&m

A m.nbpr of Lmrasugators have uportod that the incruu of -
;mlping rau with inoreasing sulfide content do« not held over th. :
whole range of lulf‘ldltlaa. An inerease in the p’arconto.;,o of aulftdt-
above a certain nluo ruultod in an ultimate dooraua in pnlplng rntn
In other nrdl. it wae found that, under the conditions of t.ho expcrto
ments in quoati.on, t.hon was an optimum sulfi.du-y for mAxLavm dolim-v
‘“1cat:,on rato. L |

ngghmd and Hedlund Q) found that doligniflmuon wn only
oli; htly bottar at 31 per cent » ult‘idit.y than at 15.6 per mh ’L‘hoy“
cancludod ths’c it is not Mvmugoom to go hlghor than 1%.6. par oenrte
Kress’ nnd »«c&rogcr (#) reported thet “llgnifioatun was at a uxlmn
and the ooqt. pul@ was producod at a sulfidity ot‘ 55.5‘ per com'..‘ Thkq
: hu deen confirn.d by unpubliahod work urriod out roc.ont.ly at The
Institute of Paper mmmhtry. Johumoon‘a results (5) inaicatod thet
maxioum dcltg;nti‘ioaubn occu.rrad. batween 25 and 50 per cent nulfidiw.
An, oxtomi ve study of sulfidity at the For»t Puduon uhontorin
of ‘Canada led #itohell and Rou (Q) to aaike the follnwing stateaentt

| 'It 18 « é;grmml,l_.yr ncpepﬁd view that whereas th.’-ad.ﬁittonv_

of sodium sulph_idé to a solution of 'eﬁﬁot&c :'nod_a cauu‘e:c.' aore rapid
pulping of ooniféraua wooda, ‘tbo‘ substitution of lodiv;m' lulphldo for
more than a certain oroportion of the saustic soda in ohC pulpina

' ,llquor leads to a diminution of the pulping power of the 1tquore This
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' '“h cnl.y tm m" the condztiom ct thc oxperiamt are min}: vnub~
v-tununlly cl»o to those nov used 1n oauomu m-nun.

E. Rgm" tor Opttaum gulr ;_'g' s R
o Althou,gh no 5aod nphntuon for the osourrence ol' on om- o
m nllﬂu.ty 1a aunablo iu thd uhntun, the wﬂ.m f‘mml ms l.
'llyimtil analysia ot t.ho nnilmlc dah nvnl«l some intorquf»in;
, ‘X'ho ut.a of Mw m Bdlund Q}. xrou .nd murmr (&).
R '_swh« and Ooopor s, w. Bm m Ouiran QQ). Jehnmun (2);
; mm (m) wore uhuhw u & oupuaio uuio. m tahl Mql }
loluat of tha cooling i quor- wu upronod in toma of »dnu lvdrm@p"
u:d -uxtuxw@ s oxyrnua ueertin(g te tqu thPI mum.-. A lnlv-
| iqghtion vu mue of the tohl‘ omm hmoxuc prmnt in ouh Wt |
_1 lnling thqim hﬂtondﬂ abmm by eomploto hyiroly-tt;a‘!' m‘
:"*"-ulud‘o.-t ?m- ‘tm R dulgnn"ud u 'cft-ctunl ;m}a" L

'( ‘.‘

o A ttuds of thm tibur» oha'd %n Cpﬁ”ximato momom
t?mnu the esults’ ot’ all we imnsigo.ma 65 te the utnlmma. muut.
o ‘aﬂ'oet.ua.l r«.ou' whush e roquind tor d‘toouvn pulpug- lel. 1 -
- miau uug mlt. T o o
N o the nintmn valus of 'orfutul saon* whiah rmlto& in.

o mpxau pfulpiﬁg 16 thus »oen ta o0 1n' tne m;himhooa of 12 per. mt.,
‘ ulmlatd . ano - or bm 1% nt 16 m m. Mlaukntol as
| Thie h ) vuy mt-rmmg !‘ut‘. %o 1avooﬁgntar hu | .‘
; pulnd wobd auccourully vn‘.h 'Y kuft laquor conmntm lon mmm
“this eritical nini.mm or qﬂ'uot.unl Rm!h ' nc Tosult mi.mly Ml“



for the total chemical range of 19.7 to 27.5 por cent as indicated in .

Table I. It is coneordant with the requiresent of a definite quantity

of sodiun hydroxide that Johansson and Klason, whe used hi, her parc‘nt«-

‘ugeu of total qhqku-loal. wére able to pulp at hi her iult‘idlﬁu than

the other investisators. For, otwiously, when more chenical im used,

the mirimuz amount of sodtur hydroxide is present ut :igher sulfidities,
PABLE I

MINIGUY LRPLCTUAL HYDHOXIDE

Kinimwe [ ffootuml Total
: ‘NaGH (me Na C) for Sulfidity Cheaical
Investigators Good Pulping (%) % B %
raggland & hauma T 15.68e | 31 24,0
Bray & curran 2.7 33 0.2
. Kraes Q;IEwreéa} 12445 40 2042
Inotitute data 11,63 0 2.0
‘s"urtaéb » Goo’or L 12435 60 ‘ 19.7
Johenspe 12,9 - .7
. Johansson (n-asw - (%0) (26.7)
Klason : : ' 12.25 : 55 27;5

"Lowoot value invelt.igttod.
*sNot quito eof faotive.,

#itchell (6), at the Forest ‘roducts uaorawrisa of Canada, was
saware of this pri ¢iple. when he .ade nho nt.atmont thet the dixination of the
pulpin& power of kraf't liquors at high ultlditin is ocbsarved “only vhen
the e: ndiuo 8 of the experi:ent are mainly subatanuany cluo to those now
used 1n comieroial practise.” 'le pointed out that Xress and .-cGregor ob-

tained poor deliynificution at hizh sulfiditiss .ecause irnay worked at a Tixed
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m.x ch-uietl uf 20 por am, and Mmt coanqumtlj, at the hi.shu
" mifidiun. than vas l,nmmalmt umimw Pnunt.. workmg witb
a large ex“u ot ﬂwmbul, mf,qu pulnd sucopesfully at 106 por
sent sulﬂdity - J.n fagt at A nwh tutor rtt.o than in a mﬂm&h ‘
solutien at 55 ;m- cent culﬂdity» m- r“ult- til}, be uacum m
“detail in the nox% Mion. |
The fallovtu{, (mnalutiim n;y b. lrtlm from t.ho abovo (ul-
cmné& L . ' o
By llnsitod tetal chestcal, wore than corMﬂ cilfide
sontent rnum !.n an altmtq dmuu 1n pﬂpim.; Emh tppauntly
_bmm of o hch of sufficient aoamu nymm« AR " |
Thard n‘o u mnbcr of pamw.o t:yhmﬁonp for tria uquutu
: -‘-mm- o m«mx Nao in rast cooking. - o |
oo Tt m. nhmamt ie ctul omnumny m. um 'mw
A*’*"wi' tho only amx wbina Aaqm' \ " .
ts m yrnmo ot Mérotyl fant w u mumx w dq;rm

um ugam mzacuu and to bring. aam s.w czwmim into whe Yiquor, |
i or thw m e mcnmy rar m wdrblynin of thc 'ugnin—aghahydmto' cL
sona. R . | .

‘, Tb.u sests mnﬁda at thia poa.m. m-rs 18 m.u. coM!'m
avtémac in Abe utaxa\surb oithms to mym& ot d‘tuot frem this luw .

m %it&xtll’a rooultl (ﬁ), liui.th '111 be Fl"mw '”‘1"" M s

| ‘pumllsl nmul ot umn md oarhm;ydnt- 134 varioun Wt uqmq.
30 Yhe fono«;ng mww was uu.,g«ua by the mur in LN
;:’v:"ﬂ roplm. on cau mpnbliahod mk au-r:ot out n 'rha Imt.xtut.o of W
Obmittry: ' ' '
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‘It may be that & reaction of eodium hydmnultuo with ligain
'u form sodium ugmtu un Only ocour in the puaonco of oxgon sodivm
" hydroxide which resoves the h.ydro,gm sulfide formed:

mzaoﬂzo — MaOE + NasH

! A 1L LicH
L—"‘“ [M5] + aoma.e

' This nemniam doos not seen too likely whon ‘we vonaider thut |
j-oum hydresulfide ia uctuany proeent as sodius lon and hydresulfide -
~done The remetion forming sod&um liznate i8 probubly with the -odim
tm, whuh can tone oqmlly well from sodium hydroxida or mum hydyo-
mlrxdoo | ‘ )
: “"“0 Results cb*u‘ncd nt the Forest Produch Laborntories of
C‘tmh (ﬂ bugge.t that qmn alkaunity e nqdrod at the ond of
she eook t-o hnp ugnin bodh- in solution. The suwnont mt udb
.ﬂnt ’tbt scidic cmpound- tomod in the pulping of aprucc oomm v
upﬂomtmuly from 12 to 14 grane of caustio ‘soda par hundred grams
of voed ;s computed from uluuon- titutod to the phmlphthnlotn '
ahang. mm. If the aolut.ion MM.- nore asid than gu 9& libnin
| bodin mn [ mdtncy te bocomo a).hu insoluble,* '
Thin lmo mtiroly plausiisles
.’ Howaver, the dnly p:mium.e nutmont at thic point is
.thl.t thcra aapear M ae rueuena in the h:mrt caok roquirinb the pres-

ance o! a dofins. Lo ameunt of hjdroxyl iono

Fe -

. The t'tuina, off of pulping rate at hi L sulf idtuu bouun

o of 1nmf‘rioiont h;droxido dm mt oxplain results obtainod at tho
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Porest Produote Laberatories of Canada 4, ihoﬁ & very large exceass
of chesical was used and optimumm eoffects were still observed. '

The uquor volume uud was - ouf‘ﬁ.cuntly large 86 that the
eonsentration of ommiul wae not changed hy more thm 15 per cent
‘during the coeok, even in the weakest solutions studlied, with solutioms
of 140 per cent concentrstion it vas fourid that d@lignifica\;ion m ‘
progressively more complete ae the nlf;&it_y was increased ,'t.o.m per
cent, Boyond whieh poiﬁt .an increase in the propertion of iu,if;dc .uuqd'
no chan e in the lignin econtent of the pulp ér ‘n'the yield, At conéln-
trations of 1.5, 2.0, and ).6 per cent a rurxy‘utmu oﬁttmn ves
oburud at S0 per cent nulfiﬂity. Farther -tudic- (1R) with large
vohnn of chemical &t 1 per oent oonuntnt.ion showed that, uncor |
‘those mditioru, a uquor of 100 per uut onlfiduy ie dcﬂ.nnoly
.npcx'ior to . uquor or 33 per oent sulfidity., |

’rhu- 4t #s_indicated, by thess tuul’u. that doumtticauon
rate do« not sontinue to Anerease ui.w inonnma mlridity, nm .
the prnmo‘or exsess Mlm hydroxide, exeept pﬁr}ggps 1n quitc dilutq

: lolutionu

Gs Possibil - _
, Ir the behavior or mlﬂdo »lutim is defcrmt in dkluto
aolu'biom. as m above rmlu uuggnt. thn the au’foromw :night be
tmcqa.hh to s var,tauon in t.ho dogroo of hydrolycio of eodium -um«
with & change in conmtrauom
| p;ﬁ,s"euzo —> NaOH ¢+ MasH
It has been n-q" that sodium hydroxide and -onm hydre=

sulfide appsar to be the active camponents of the liquor. If this
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hydroismi; were camplete or nearly complete in dilute solutions at
cookiny, t-mpiraturon. the sane number of mols of the astive components
would ‘be ‘available at all sulfidities. However, if in more soncentrated
solutions hydrolysis were not couplete, fewsr aols of the active eom-
ponents would be infitially avauablo.l at high qulfiditiu and an optimum
in delignificatien rate mizht be observeds
‘I‘I‘xo‘ extent to which sodiam sulfide is hydrolysed at cooking
teaperaturse. 4s not known.. The avallable data (11) indieate that the
hydrolytvh fo from 60 to 90 per cent coaplete ab rom,tmpc-ﬁt&ru
and is naturally subjeet Yo changes in concentrations
- .’i‘hd_only di.uet@iallablo evidence of possible incoﬁpleh
hydrelynh of sodiuz sulfide at oooungtuponturn is the work,
mmtibnadkbovo, of the Forest Produscts {aboratories of Canada, Opposed
to thii .th;;;o are 1ndiob.t.hm. in other studies made at the same insti-
tation, that thp.‘dogrn of bydralysis or‘oédl‘u sulfide does not change
with eoncentration at cﬂca‘oking, temperatures.
These oont.rary‘ 1m1«.t_ion’a Appear in some very onol.lmt,
studies of. tho kinetios of the soda and kraft pulping proomn (8,
) m resction rate constants, whick were obtained for the main
dolignii‘iuuon reaction with pure sodium mlﬂd-. inorease linoarly :
vith an incresse in the conmtntion of sodiut sulfide in the ungo
M.udlod (0 § por cmt nlutlam). This implies that there was no
shange in tho ugru of hydrolysis of oodh- uulﬁdo with change in

conmtrst&m.

.tudj of the utouw- thus leeds us t¢ the tollwmg

oamcption of una action of gulfide in t.hp kraft pul.pin_, processt
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Mm ml!‘“t Qp““ up: dalkaline pnipiug, & result v‘l’y

: -fprohtny or \M utzén of -odiuu hynrunlﬂh on ugnm. vﬁh IMM
: t.om o;mmz.. more’ tau.u 'y emm mlﬂd. ‘oatent results u tn altia
 mate desreass in pulplng powcr. nppu-mny b“mu of & luk o.t' M-
| tulmt uduu hydraﬁdu | oo R

Althongh t.ho ovt«;m. 1- mt. concluuho. 1t 1s pouiblc uut.

onh 1:: mo ptmnu nf mu. oodh- mmu«, aeugniﬂnuan n.to
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1. am At 2 Ak -c.a: i mccvs ma :e_r;;gi;staurs-

Thru unco af puipiug ovyniﬂants wo mdo to a.mm

* the relative ulld,nitxlng powers of Kraft Liqwr. of iltf‘cnnt -uuux-
':'ﬂn m antﬂoi.ont, mﬂm hydwxuo it prunw. mon nri» ot‘ '

‘ dl#ntinno wrt 'u\dc wi chuiul con“utrniom ot 1. »» and’ 6 p‘r

«m. A nuo of 50 pcr cont total «mmux vas thoun -o :.r,nt tha .

‘ -monnt of - aodm mdgosmo urosont snul'x uo«d a ninim Val.m ot w
. por «nt ‘t the nighent aulfidlty ltﬂi‘d. m chuloal uu ccloul&t.d

,,,:Ain t«m or aodnu hydrondc aml m um ‘on t.h. bumdry uibht ot'

'th. \100& .

R mgmm ;»mm,j 3

-,'L "

A prixu old ek uf b‘hck spruu wae barkodr with a lekuif. m

nddmd t.o shavin s with & handplans. The ebavings were thoroughly mixed
. oma one~fourtl. inch screer. and nnplcu t‘or uohtuh. & sua_;od 51,“‘ ,)u
o vn unod tor storeges ; S B L

m coaking uquora wore xéde up with aﬂi- wum r ydruido,

1' “jq. sodiun hydrosulfide, and distillod water. 7re solutions of sodium

Rydroxide and sedium bydrosulfide were mado up and: 1mm separately

' and then mixed. ip ke propar woportiom for each caoku ,rit.rata.an of

the sodlusi’ hydroxtde was wade with 0,5 ¥ hydroshloris acid to the aethyl

t “orange end point) Lxcess G5 N aulfurlc acid wae added to & sample of
-$he wodium’ h,dromu'ldo anhum ind all the hydrnéon sulflde kg acucd

eut as shayn by a teat with lead acetate pmpere The soliition was then

'_'Qoolnd md ths axc-n sodd wap titru.od wtt.h 0.2 g codium hydroxiies

’\

Qt&inlou -tmx auwcb ve- of abau& ﬂ.n iitere eopadty was

- 'um rér t.he digestions. The quzoolavo_m_hqatd in a wg; b‘nwdbyl_ qum
ut rour R amnuu-u ' ' ; - '

-

K‘lmw ;,ru- of’ ihavinga (wsn e wan»dry ‘aalh) were uud for

Mh Sooks In the case of the 3 and 6 per odni ¢ooka it was nevessary

40 alisrnately molaten the #havin.s and ‘tanp them Eirmly Anto the digester;

© ‘stherwise the volume of liquor used would not heve sufficad to covér the
. swoods & Yead Mghb e puol\d en top of '.ho lhavi'\,ﬂ in t-hoao two series
o cookss : . :

o An arczxtrar; nookina ti.ao Wng choun tor o&oh oancmtnticm ut
&ook;n» liquor tucd. The t.mn )e:amro w“ uorol, raeordeﬁ f'or the t’xrn

Toel .

oA



caok at each concentratiens GEath susceeding cook at that concentration
wvas held to the temperature cchidulo obtained Crom the first cook. The
pressure was elso recorded. (It did mot differ from etesm: pressure even
when the cooiinz liquor eontained excess sodium hydrosulfide.; The
digester was removed momentarily frem the wax bath and reslieved te smero
pressure at 102 - 10359 Os At the ond of the cook tha preseure was re~
uawd o gero as rapidly a» poaoiblo.

‘ﬂu produat was washed m the u;.-m and on a Huchner tml
(uaing a filter cloth) with suceessive 2-liter portions of cold tep water
until the filtrate na colorless. About 14 liters of water were required
in most cawes, The filter ¢loth containin, the palp was then squeezed as'.
_dry as pessivle by hand (about 25 pw ocont dry, and the product was -eis,hOd
and ssmpled for 'xolntm'o. :

AS first both permanganate mmr m ‘14znin dctomimmont
were run on the product. The pormemganate mumber determination did not
prove to se entirely satiefactory, bedause the reaysnt did nat. reatt
cozplately with the siives €rom e very raw cook, even when the pulp was
dieintesrated. The perman.anate maaber determination was coneedmently
discontinied, Lignin ves determined aceording to institate ethod 15,
The oven-dry sample was disistezrated in a Goeta Fall disintezrators - fhe
filtration wae made on a Goooh arucivle: A weighed amount of ueid'v'&Mp
oven~dry asbastos (a.out Ce2 gram) was uaa to sach lignin mp}.a. LIRS
filter &id, just Lofore mmt,m. '

"‘h. data for t.hm pulpim; .wxn are preseated in Tablo 11.

: *,’
Digostions at 15 uogcmtutmn “ 3
' ' Mgucr wolwmo 4500 c0¢ . -
1 hour to 1709 Ce, 2 hms 5 nimm at 170' Ce |
o ' Residuml
lfid-- : _ v Liznin aaa}.dm} darbohy-.
Aty Parte Farts Tleld &n Pulp Lignin  drate '
5 BaDH ~ NesH . % & . %
L0 50,0 0 60.8  25.88 ° Ih38 - 45.82
33 4L 8.3 60,80 23,58 - 1436 bE46
100 28B40 28,0 53.48 19.40 © 10057 43,08

130 200 30.0 59455 . 21465 12490 46465
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o uqmr voluae 1500 see o
M nimnu t.? m ;.:« 65 atautes “ 1‘10’ c.
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Parte *. Parts . Yield ~ in mp Edgnin  Carbohy~ =

‘FE

L e G0 29,40, 15,27 483
A7 8.3 A9.80 . 10480 Sead - A3 0T
35,0 xs.a._. Amo TU30010 . a8 hiy, 82

W0, 20D aa.w 7Y@Y. 3.50 . AB.08
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Dignum t 6&‘6 amm.nuan .
: svolmt?&ﬂ. | A
- %umtuhl ﬁ-. #Ominuﬁolaﬁ 1?0 G

l,'. c .

Sulfid- o | Ligniﬁ pestaoml  Reaidual

Aty Parte - Parts nou qn. i’ulp Lignln | wwxy . ';,;.,.T‘ o

Tl 500 | L0 L 52,60 15.3..' , Baiﬁ R T
T gg oo &107 ’ &l’ L 5%480 T e L '1w37 - .M|§§
k S 80 350 . 188 50,5 1268 = 6496 .2.910 s
100 2.0 = 250 | MO0 13,27 . 5.8 4 |
bt I 200 3040 . ‘-a).o;v -u._v "3 ‘6,87 |
e I,In tha nhovt ubh 'rnuual umin' i- Mzc porqgmg of -
“'{Hmin rmimm in tht puly on the mu of m pﬁmml wood, tnd» :
. 'mmml mbahfdrau‘ 1. t.hc mluo wmm bz; mutucsw uu ruuuu
Mpun from tha yuu« ‘ | | ' "
| The nluu for residiml lignin show the uhuu degrees of o
- ;thkiu@; cbuin-d at the v?arim 8“115.4“10&& it ui.ll. k«o observn& uhat

». : t.bo rceidml ngpm docrnua vuh incrnﬂ.m_, oulfidlty up bo 100 m
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sent, where an optim@a was obtuin.&. Mis held true for all three con-
contr-umi ‘utudied- Thdro is no apparent evidef.co of a decrease in
§p1’.1mum sulfidity with increesing éoncmtrauon as the resilt of a pynik
ble decresse in the hydrolysis of the sodiun sulfide,

‘In other words, the fol‘lowiug conclusions may be drawn from
~ these data: 4 | |

Pirst. An optimm sulfidity was oveerved even in the presence
of excess sodium hjdroxiﬁ" ,

Seconde The n\poriul uluo of the optimim mlfidity did not
change with eoncmtrauon (in the range 1 - 6 por cent ).

Thirde The x“act that t.ho optimum aulﬂdlw did not cigngo with
&;zoncmtmtioﬁ is z00d evidence that the de ree of hydrolysis of sodium
aulflidit did not Mo with bcﬁ»m‘ont»rauon and hence mn& 8 ‘virtmuy com~
: pletb a2t oﬁoking tamﬁoraturqso

It ray Le uentidmd that the pulps outained with 6 per aant
solutions were not as unifermly co&kad as those abtainad with the wegkﬁr
cooking-liquors. This raaalt:nay o uscf!bad, in pait.fto~the neoéasiﬁ}
for paekin the ahavintn ti,htly 1nto the bottom of the digostor o that
they uuuld be cover.d by tho small volune of liquor used. T[he shavings
K ia direct contact with tho bottam of the digostor were alwa;a -ovouhtt.‘
| OVQreookoé. The effect of nbnuniforﬂity is furtner..ore inherent in thc |
_use of ¢ »noent.mt.ed uquou md a short mkm,g time.

(It will e obsorved that the data for tos;dua! carbohjdrato
zaterial are, in E;enaml. quite unifors. Tfhie is in accord with tenultl
ubmlﬁad at the rorest “roducte Z,a;;omti&:ioa of Canada (6). he action
of the soda liquors does not appear ib have ﬁeon rore drastic Lnan that

- of the kraft liquore. 4 nore drastio action would recalt 1f an atteapt
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were :aido to delignify the wood ae thoroushly uith' ‘the soda liquors es

is possi.le with the kraft liquora.

Be

» In t.ha. ércviouu aeovt.s;on th§ optimun sulfidity for delignifi<
cation was féund %o ne 100 por cest (pure opﬁm sulfide) when the total
chonical ussd was 50 per gent. It wu considered desirable to £ind out
‘;dlothét an .opum-u at 10 pe;r‘no‘nbi'.“au‘lt_“idﬂy 1e c&mnetoril:uc in all
cases .'-éhoro an excess of.m#w hydrﬁx{ﬂo'io prgaant; ¥ith thia pprp;:»
tn nind digouuéﬁ .welr‘o» sade at sulfidities of 100 and 120 per cent, using

65 per cent tetal chemicale

iXperimental Praced ui!

~ The sooking procodurs was sssentially the same as that des-
crized in the previous section. Improvements in tsehnique were nade
throuth the use of a porcelain desicestor plate between the botton of
the digestor and the botton of the wax bath to prevent local overheating, .
and the use of an iron weight in slace of a lead weizht on tep of the
shavinis. Iron is more vesistant to alkaline cookinz liquorss

The date outained follow,.

TABLE 11X
GO PARISCN OF LB:IuvTPLiNG POWER AT
| SIATG-FIYE 0ui okNT TOTAL GoB:I0AL

65 par cent total obézinil. 3> per cent eann Sration
48 migutes to 170% C., 40 minules at 107 ¢. .

S C .bignin _ Ruunﬂ : fesiduml |
Sulfidisy = ‘teld in Pulp - Lignd Carbony-
Cook . b ' % » drate %
 65AR 100 50,90 6.0 336 h.6h

658R . 120 . 45;50‘ | “097 20‘51 ‘66009
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Thus at 65 p-r unt total emm:lul a liguer muinmg sxoese
| sodium hydroaulfidc s t‘nmd t-o el } zwrc off‘scuve urma puro sodiue ml-‘
tides | B |

For tho sake ot omplotonosu, nnd o ses hov Ahe opthum varied

B with tot.al ohamiocel ower um wholo range, the follmcmg oooks ma ade:

B

| TABLE IV
BPFEGT OT TOTAL OHEHICAL OH OPTINUM SULFIDITY

| 40 per ecnt tnul oham!oal, 3 por cent oonemtrauon
62 mim:t.u to 170° Gy, 65 minutos at 170° Co

3

Lignin  Residual ResiZmal

I mm«uw. | ~Y&01¢__ . “'in Pulp Lignin . Garboby~

. Cook L S I drave %
¥ P C8la3d 7.k 881 h‘z.sé‘
18 - 90 BO.5k - 8.6% B 7 SR M,og

9 © 200 sy.oo, S 1e0A  Ba96 '45.04

}‘3 per ean‘h ‘!pf-ll 0&.810&1. per cent eonc tmuon
60 nlmtu to 11'0 Ces 70 mimts- at 17().B Co S

| : : , Lignin . Residual Repidual
L Sum.duy Yield im Pulp  ilgnin " Carbohy-
leak % R R Sk drete %
2 %0 ChgaB0 7444 3010 - X409
T 0 4975 6451 3424 ; 46,51
& 52,10 3.89 . 4463 - 8747

' m.t-h 40 pnr cmt toto.l chemioal the optm.:m occurrod at 8 per
f. sulf'iditj and with 55 par cent total chemical the optimum m at K
. ‘.'O per ccn‘t sulfidity. | . | l ‘
The ronowing, mio oontalne the date uhich are now anihbla

‘on the re}.atmmhdp“betwoau total chemical un&. optiuum sullidity:r
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TARE Y

DEPENDEWE OF OPTIAUM 8ULIIDITY ON TGTAL CHEMICAL

Total o optimm

Chexical Sulfidiﬁy
2840 ' | 7. ’55 Kress & ioursgor (4)
26.7 %0 Johansson (5)
50 e
%00 80
%.0 o 100 |
6.0 | L v‘ 120 pertial deta only

These dets are represented graphieally in Pigure l.
Apparontljviho optimum sulf'idity 1ae§onoon*rogular1y with th.‘
ameunt .of total chitoal usede Figure 1 indicates the uost desirable
sulfidity when operating with any aiven smeuot of total chemicals Com-
moroiaiiy thq-lﬁrtldity.of a krafgslxqunr is liaitod‘ﬁx the efficiency
~ of the soda recevary =~ the higher the efficiency, the lowér the sulfidity.
beoovor, the total chemical used ta,liﬁitod'by econoaio oénaidorationa
to the range 18 -,25‘p§r cent. The results indioste that sulfidities
'slightly hi her than those generally obtained should ve guito,erfeetiv;
" in thie range.* |
*4 motiod might be worked out for incremping the sulfidity of kraft
“liquors in the mill. 3ut, because the superior ef'fectiveness of high
sulfidity liquors is tied up with the use of a high total ehemical
ratie, it does not appesar advieabls to do s¢. Such a method wight
decend upon heuting iron and sulfur, treating with hydrochleric acid,
snd pacein; the evolved h,drogen suifide inte the liquor after
ceusticizlng. 7The ferrous chloride, treated with chlerine {or with

air;, would zive ferric chloride, which on heating sivee three mole-
cules of hydrochloric acid, and a residue of ferric oxide.



OPTIMULY SULFIDITY (PTR CENT)

150

140

130

120

110

100

O
o

80

70

50

o)

30

10

0
10

(z2)

FIGURE 1.

3 Lo 50 60
TOTAL CHEMISAL (Per Cent)

THE RELATICISHIP BETWEEN TOTAL CHEMICAL

AND OPTINUYM SULFIDITY IN THE KRAFT PULPING
PROCESS.

70



It was dooided w»mm the work of iulliren (13)
by making & further study of "tmo‘aoﬂoa of pure sodiw: hydrosulfide on
In the firet experiments mix digestions were carrlaﬁ out using
pure sadium hydm-ﬁlﬂdo 'uél the pulping ag.cn;u;-_ vmg;,esﬁim wore maﬂo‘ with
20, 30, and 40 pﬂ' sent total cheaztqal (alulaufl,am as sodiuws hydroxide)
for 3 hours at_llﬁf Ouy and with 89. 25, and }vae,r.con't total chemloal

 fer b hours at 160° 0y

The dig&tmc-v‘ic made three at e %ize in three iron tubes

sontainod in the digester previgusly desorihsds.

| ‘ frgzam 129
SIMULZANEOUS DI.EE TONS WITE AYDAOMFT.
|  Total Chemical Time at
Cook % 160° O.
R : 0 3 |
33 o 3
S 4
¥ | s 4
% % A

Gooks 31, 32, and 3 were rede eimiltanecusly; & secend series of cooks
; (5"» 7%, and 36) we.s 1ikowlise mede aimultaneously. rert; ;rams of spruce

R . ,g," )

: O e

- - woE
5
P 5] ¥y



ke

planin. s {on the oven~-dry basis) wers used for each gooks The liquer
volune was 400 cC. in each casej thorefore ths concentrations wers 2,

5, and 4 por cent in Cooks 31, 32, and 53 respectively, and 2, 2.5,

and 3 per cent in vooks ¥, 5., and 36+ The space surroundin, the tubes
was hal? [illed with a liquor of avera,e concentration. iuring the
course of tie cook the relative voluunee in the tuvee clianzed sli_htly.
This means that the concentrations of the weaxer liguors increased some-
what, whereae the conceatrations o¢ the siron;ar liquore decreascd.
However, the total chemical, which, as will .e seen Lelow, ls the import-
ant item in this particular case, remainsd unchanged.

The pH values of the cookin; liquors hefore and after the
digestion were deternined, as a satter of possi.le intarest, by means
of a standard ;lass electrode, calibrated at p! 3438 with sodium acid
phthalate.

The ield and the li:nin content of tlie pulpe were determined.
The dissolved lignin in the .lack liquor was precipitated and purified
according to the metnod of -arshall (21) as followe:*

The blaok liquer was filtered to remove fiber und iron sulfide.
The alkali 1lignin waes precipitated with concentrated hydrochloric acid
until t' e solution wee acid to litmus paper; a sli;ht excess of hydro-
chlerioc acid was then added. The precipitata was centrifujoed und washed
with saturated sodiu- chloride solution until acid-free to lituus papers
The precipitate was then drained ss dry aes poseiovls on a uchner funnel
and dissolved in dioxane» The solution wae deh drated as completely as
possiuls with a mixture of equal parts of magnesiw su.late and sodiun
sulfate; this required a deousle itreatiuent witn a.out 1o gra.s of the
mixture eschh tine. [He polution was then concentrated to 12% - 180 cc.
and precipitated dropwise into 1200 - 1200 ces of absolute set:.er. The
precipitate was centrifuygsd, washed with ether, twice with car.on disulfide,
again with ether, and finaily with petroleum ether, ucin, ihe cenirifu.e
t. rou_hout as a ..eans of sejaration.

The methoryl content of this alkali lignin was deter ined
aceording to the semimicro method of leisl. the sulflur content wae
detoriined sy the Carlus setiods (he nsh content was likewlse (eher-
minede The sulfur content of the pulps was doterained according to a
procadure recently descriaaﬂ vy Klingetedt (22).

the rasulte of v,o a ove investi; tions will .e found in
Taale YIX, S

3
*The proiuct obtained by tiris 1et:iod is omlled lkali ii nin ., and
represents unhe nrincipal fract.on of the ilgznin laant aodified vy the
cooktn: procecss.
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The sodium hydrcauli'mo sooks were charscterised by & peculiar
odor which is different frem the usual mercaptan édor qi‘ kraf't oookm'
The product olutained in Uook 3} was fully pulpsd. “hen the
palp vas ftnt waghed it was darik ”nr-grm in color, but on sunding
it soon mrned to 2 red-browns It appearsd to be a good strong pulp as
y nizht be expected from the high igure for restidual carbqhydrato.'
/ The alkall liznine, witk the exceptien of that froan Cook 5k,

“ vere s verj 14nt hﬂnm The product fromu Look 34 was amr;mt darker
than the rnto ‘i‘ha cm".nqn af these prolucts was gulte etuilar to
t.hat of th' Mct wiiieh may be abulned ny dissolving willstatter
1ignin 113 oodium sulfide and proalpiuun;; with acid.

I,'""_ ?m the rnulti of the ahove work, as presented in fable ¥II,
the tollmd.n;;, oonel.uﬂm are indieated:
‘ Firety It is Mllble to pulp weod canrletely with sodium
'hjvdfosulfmo. - A
'”ocoml.. The amount of toul chemical required in the pulping
of. md with aodlwn hrdroculi‘id. 3.0 in the neishsorhood of kO per cent
(ulmlatsod as aodium hydroxtde)s This result is not completely proved
by the avove results, and further work en this point will :te presented

in *h.e‘ne\-t soction. .isoussion of the esignificance of this result is

reterved un‘ul thm?

I‘hlrd, “ho pnlpim saction aof aod&m hydrosulfide involves the
tm.r otion af iglfur at.w mto the lignin wolecule,

I‘ho mmr of’ eulrur a’wmn. oorrm;;andim ’oo the peromtn.ben

of sulfu: in the alktli li;nin products obiaingd in the a: Jovs oxparimbn,

vas calml&tad on the Laeie of u molaculer wel it for lignin of 860 a8

given by “rauns end Hibtert (23)s the result is .iven in Temole V1.
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The methoxyl content of the various alkall li nin prosucts
was roughly the same in all ceses. The low value oolerv&d:in Cook 34
ie in accord with the off-color procuet o.taineds
Yhe sulf'ur eontent of thé al’é:.aii lignin and of t.he pulp inoreased
with concentration and with times ippawnltly after the lignin is removed
it may still e acted wpon Ly the liquor, én inlicated in Cooks 54 and 36.
The pH of the white liquors used wes about 1ll. fThe pii of the
blask liquore indicatee that the sodium hydrosulfide was relatively fur-

ther exhausted in Cooks 31, 34, and 3. than in Gooks 32, 36, and 33

2. Gonfirmation of Total G Requir
The f‘ollowing expsrtmonts were nade to obuin further
svidence oonoarning the asount 01 sod!,un hydronulf‘ido requirad to produce

- & commercial pulp.

| Bxperixental "'roogggg
: four cooks were 4&50 ci;mlt.nnoqu-ly, as desoribed prevloualy,
using X0, .35, 40, and 49 per cent. of sodiwr hydrosuifide. ill four cooks
vere made at j.8 per oent comcentration eo that there would ve little
ehan e in the relative liquor volumes in the four c-mtalners. 4 maximmm
texpereture of 170° C. was exployed, and the cooks were held at this
teuperature for a relatively long period of time to allow the llquors to
approadh gxhaustion. The sohedule used was 1 hwour, 10 minutes to maximum
tesporature, and 8 hours at maximum temperature.

Tho data obtained _fromk these cookin; studies are presented in
Zable VIIIa

The moet important conslusior to Le drewn frou these data is
that more than 35 pef cent of sodiuwm hydrosu:ifide is required to produsce
‘& pulp in the commercinl range. The pulp obtained with 40 per gent
hydrosuliide was quite thorou;ghly delignified. The value 40 per cant

for hydrosuifide aspeara to ve avproximately equl/ulent to tha value
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These data.'togethor with the value of 40 per cent for pure
sodiua nydrosul!fide, sre plotled in rijure 2. The increase of the optimum
sulfidity with an increase in the total chemicul used is liaowilo"a con-
8o .ence o' this sane relationship. 7or, us tie total cheuiczl 18 increased,
the point w.ere the minimun amount of chemical is approachsd oceurs at
hi;her sulfidities.

It 18 not readily apparent why thse pulpin; of wood with sodium
hydrosulf{iie alone reaquires the use of 40 ner cant,cnﬁmlcal. fhe answer
probabl,; lies in tre oshavior of sodiwe hydrosulfice as a buse when it
combines witii the various organic sacids formed during the cooilng nrocess,
rather than in the reaction whereby sulfur ie added to the li nin. The
m;xlmum anount of sulfur coabined with the lignin in the »resent experi-
nante 1as 10.72 per cent in vook 55, and ti:ie corresponds %o only a .out
4,5 par cent sodius hydrosulfiie on the weight of the wood.

In ?ab1§ ¥71X the oulfur content of the alkall liynin procucts
is so.ewhat lower than that ouvtained in ﬂha first expari - enta with sodlum
hy rosulfide. It is probable that the hi her tempsrature cor s:tresely
long cookin, tiwme employed 1is rezeuvonsi le for thise« It is also indicated

in Ta le Yill that an incresse of concentrat.on under t . ese coudliioni can

decre.ve tie sulfur c ntent of tre li nin pro.uct.

%e fulpin: of Jhipse

he acove at.udios with sodiuws Lydrosu.fl e were ua.s
with sprues sravings. (ne nydrosulfide c¢-oic was carrisd out usin, chips. -
The wood in this caee wus scutiern pines “ne ¢ nditlons were cliosen from
the above =superl . ents as ueing ideal 'or the srouuct.on of e well cookad

pulpes T[he date are  lven in iaule -,
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FIGURE 2. THE MINILIN AMOUNT OF CHEMICAL I'ECESSARY FOR
EFFECTIVE PULPING AT VARIOUS SULFIDITIES.



“3la

 TABLE X e
.

PULPING OF CHIPS wITN HYDIGCULFIDR

Welght  Liquor Total Tine Tine Pulp  Sereen~
of wood volume Uhemical to at, Yield ings Lignin
grame ces % 16%° Cd 169 Co % % %

300 3000 40 1 hr. 38 hre 4430 1,17 3,11

The resulte show that the pulping behavior of hydrosulfide is

as satisfactory with ohips as it is with planingss

D. GBffect of gg;g;ﬁ;ti on_ Sulfur Sontent of Lignin q;ggng

Pour oooks with liquors of verying com;euition'wero made
sinultanecusly. Liquors sontainin; 25, 50, 75, and 1C0 per cent sodium
. hyﬁrooalfido ware used, the other comsenent .eing sodius hydroxides
| The data for these digestions are presentad in Tabid %Xe
the alkﬁll-ltgnin products from these cooks wers purified with
o=treme care. The sulfur oontents of ihese lignin,produetn are plotted
agaiﬁlt the sodium ﬁydronulfido contants of the iiquor in 71 ure %.
| It may be mentionsd that the alkali 1ignin product ootained
- at 25 per cent sodiuu hydrbauirtd. was darker than the resat and that the
yield of thie product wae leds. |
| Flgure 5 shows that the sulfur carxteni of the dissclved lignin
increased direotly at first with an incresse in the sodiux hydrosuliide
content of the liquor; it approached a liciting value ofyapprokimatoly
10 par cent,
The folloiing nechanisa was ewzgoested (part I, eection E) ae

a posai:le explanation of :he rapid action of iraft liquors.
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In pure sodium hydroxide the following reaction can occurs
Ld0H + FOH == LiONa + L0 (1)

In pure sodium hydrosulf'ide the anaiogoue reaction iat
L1OH + Jlaui == Liude ¢ H0 | (2)

In a zixture of sodium hydroxide and sodium hydrosulfide the
pulping action is faster than ‘n either one alones Spsculation as to th‘
reason for this izht suggeot that a reaction may oocur according to some
such .echanism as shown uelow, wheredy oae of the products, hydrogen sul-

fide, 18 removed by the sodiun hydroxide.

LIOH + Nadh —= LiONe + Hao o (»
HaOlt ‘

It is apperent from thoae‘oquﬂtiona that 4f only reactions
1 and 2 oceur when a mixture of sodium h&droxidg and sodiun hyQ:qhulfldo 
is uaéd, then ihe sulfur content of theblignin‘prqduoh‘will 1§creaso,_
directly with the purcenta e of sodiwe hydrosulfide in thollﬁquqr- éut
if an adélzidnal reaction of the ﬁypé su;gected above (3) ¢an ocour,
then the sulfur content of the dissolved lignin will be‘namo@hutrioic‘
than croportional to. the eodium hydr§au1ridq:cqntent of‘;halllquor. The
results of tie abovorokportmonb (i ure 3) show that this is not the
caso. Gonsoquontly'a'raaction of the type of equatien 3 4e unliksly.

The fact that as many as three aﬁifur'groupn (balod:on the
molaculr conception of Braaune andgﬁibberi (gﬁ)'chn.ue introduoad 1hto

the lignin wolecule Ly & reaction with sodiua hydresulflde. su;;ests
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that the reaction nay congist of m replacesent of successive hydroxyl

sroups by =3k groupet

LIOH +3H —>iiSH  GH® (4)

v e T ap—

It ie sug;ested thet the :a jor renctions vhereby li;nin vecores soluble

in alkaline solutions are of the typet

LiOK + Na® = LioNa + i° (5)
and
LASH + la® —~ LisNa « H? (6)

since hydrogen sulfide ia & stronper acid than.uaper, the hydrogzen in

the L1i.H is more acidic than‘tha hydrogen in the LiCH, and consequently
E&ﬁﬂ is more soluble in salkali than Li0OH. This affordse an oxplahntion
for the ravid pulping of kraft liquors. In other words, the theory is
proposed that sulfide spseds up the pulping reection because the sulfur
groups introduced into the lign&n increase its'acid charscter and make

it .ore readily soluble in alkall,

£¢ Purther Work with codium iydrosulfide
1. Ekffect of Pigh Concentrations

“tudlies were aade of the offact of varying corditions
on ti:e sulfur content of the dlesolved 11gnih. ine effect of nizh toncen-
trations of sodiu: hydroapifido was First studied. Ihe Prﬁcadures wore
the same ac those previousl; describved, axe#pt tiat & small 350-gc. auto~
¢lave was used. The reculis of cookdn: with very 1i;n ooincentrations of

hydrosuli'ide are presentsd in Tanle alle
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TABLS I
DIGESTICHS WITH LAGH CONCENTRAVION: OF HDROSULFIDE

Cook 75
3 grass wood, %00 ec. liquor
66 per cent total chemiocal, 6,6 per cent congentratien
30 minutes to 165° G., 43 hours at 165° C.

kResidual 8 in S in Pulp
iesidual varbdbe- Alkalt S in % of Lignin
Yield Lignin Lignin bydrate Lignin Pulp in Pulp
o » o P * »
38,98 2,15 0.83 5772 5.02 Cel39 6447
cook 10S

25 grams wood, 250 ce. liguor
102 per cent total chemical, 10.2 per cent oongontration
35 nimites to 165° Ce, 43 hours at 165° C,

residual S in 5 in Pulp
Aesidual Cerbo- slkall S in » of Lignin
Yield Lignin Li;nin hydrate Lignin Pulp in Pulp
2 ® # % * i
33470 1.50 050 334,20 5,30  0.278 18,53

The alikall lignin obtained in Cook 7. was a fairly dark red-
hrown, while that o.tained in éoox 104 was a deep :lue. In neither casse
wag the sulfur content as :i h as that o.tained previously at lower con-
centrations. It is noteworth; that the usual li kt srown al«all lignin
productis pass reapidly tiroach a red=brown and a deep Llue staze under
the oxi:izin; action of ihe nitric acid used for the sulfur determination.
Preauama :ly the hi;l concentration used in the a.ove study resulted in

oxidation and deogradation of the lignin.

2¢ Lffect of Teaperature

A study wae nade of the effect of maxinum teupersture

on the sullur content of the liznin diseolved Ly sodiws hydrosulfide.
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The ran.e 130 - 170° U, was studied. : larier quantit; of
matofial was used for the dipestions at tie lowsr temperatures. <Cooks
130 and 140 were made in the “-liter autoclave, while Uooks 150 and 170
were uade in the 3%0-ce. autoclave. The resulits are Hrecented in

Table YIII and the data are represented jraphically in 7ijure 4.

TABLE XIII
ERFICT OF TE CERATURE CF SUIFUR CUNTERT OF LIGNIN
Gonditions for all cooks:

40 per cent total chemical, 4 per cent ccncentration
65 minutes to temperature, 3 hours at teaperature

3 in Alkall
Temperature Yield Lignin
130 130 63.50 4,92
140 140 59410 6401
150 150 S0.10 3463
33 160 £0.60 10.72

170 170 4340 648

The results »..ow that, under the conditions studied, the auount
of sulfur in the alkali liznin incremeed with increasin, temperature to
a maximum at 160° U, Above this point it .ecremsed cuite rapidly.

In the initial part of the curve the increase a peurs to’bo
fairly grsdual, and the curve may well be asymptotic to soue value Lelwsen
3 and 4 per cent. Accordic; to the moieculnr welglht of the liznin unit
givon by .reuns and itl:bert (gi). 3.6 per cent sulfur corrasponds to one
uulfuf atome. It is reas-nable to suppose thati sodium hydrosulifide will
not remove lijynin witi.out introdubina 2t least one sulfur atom into the
lignin molecule.

;etween 140 and 160° C. the increase in sulfur cintent was



-18-

031

POATOSBIQ UTUSYT @Yj jO JUB3UOH INFTOE 9Yj UO adnjetadws] JO 30933 oYl ‘H TUNSIJ

(°0 o) @anjuJIedua]

oLt 091 041 oh1 0Lt 02t C1t

‘0

wo

o1

1T

(3ueo aad) UTUIPT TI¥ALY JO 3UBIUCH JINFING



-39=

eessentially linear. On the baeis of the rolat (lar wei ht ;iven by 3rauns and
jidbert, the curve indicates that a second sulfur atau wase iutroduced arad-
ually in tie range 115 - 1452 ¢, and that a third sulfur etom required
greater activity and was introduced to a regularly lncreas.rn extent in

the ran-e 149 - 160° . Altihouzl. nothing has been proved in this dieserta-
tion concorﬁing thé nolesualar configuration of these srolucts, 1t is not

an unreas.na le uess tiat the reactlon ie one of sutstitution of =3H for
~0n 4in Pron ons to three hydroxyl sroups in the 1lisnin.

The lower sulfur c;ntqat.obsorved a;ovev160° Ue may se due sither
te a docroaoolln the tendency of the 1lgn1n‘to coni:ine with sulfur or to
an increassd decomposition of the lignin-sulfar campound under those con» -
ditions., In view of the repld decréano evident here, the latter sffect
sQam: riore likely and is in accord with the rasultq deccribed in previous
sections, which showed that draetic treatuent, either at high concentration
or for a long cooklny time, could rosglt in a product of lower sulfur con-

tent than that rom s less drastic treatment.

3« peducing Action of uydronuifigg

"It was ooserved that, in cooke made with sodium hydro-

sulfide in iron tubses, the pulp and tke 11Qn§r contained considera.le green
coloring maiter, which chan.ed on standing in the air to a red-brown aolor.
| The aetion of rod.cing agents, such as sinc dust pluakalkali,
will pro..ice a sizmilar green color in kraft pulps. The treatuent of a
kraft pulp witl a warm solution of sodiwm hydrosulfide is still a vetter
method of proiucing this jreen color.
. It was found *hat tie axaterial in the liqguor w.licli can .e

reiaced to a zreen color was not in the alkall-lignin fraction, sut was
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in the fraction insolusle in dioxane. Five graua of alkali li‘nin from
Cook 35 (containing 729 per cent sulf'ur; were dijested with 1CO cece of

5 per cent sodiun hydrosulfide for 2 hours st 170° ¢ in the 3%0-cc. stain-
leas stesl autcolaves Neo ;reen coloring usatter was found in the liquore.
This result indicated that the coloring matter was apparently notva lignin-
sulfur compound.

It was found that, when kraft pulps are extractied with oyalie
asid, or other acids, no green color is observed on reduction or on
treatisent with sodium hydroeulfide. [t wae surmised that the ;reen color
is due to iron compounds. Hydrated ferrous sulfide is  reen, and Ro8Y
ferric compeunds are red-browns

4 cook was uade in a slaes vessel (contained in the 330=~ce.
steel autoclave, with iron-free chemicals. Thirty per sent total chemical
was used at %0 per cent sulfidity. 7The schedule was 1 hour to 165° G,
and 1} hours at 165% Co The pulp did’not 5;vo a ;resn color with sodium
hydrosulfide or with reducing a;ents, nor did the pulp develop the same
deep red-brown color on standing which wae ouserved in the case of the
pulpe cooked in the iron containers.

The pulps from Cooks 51, 52, b3, and D4 were analyzel for irom,
and the results, which are given in Table XIV, whow that oonsidera .le
iron wa.8 dissolved. ihe results did not vary consistently with the compo-
sitions of the liguors used, nor di¢ the pulps coniain an asmount of sulfur
squivalent to the amount of iron iresents Apparently the iron is not

present as ferrous sulfide in the pulp.



TALE XIV

IRCE o NITNT CF rULPS

NaOil Na H 5 in Pulp Fe in Pulp
Cook Jo ) pA P
51 7 25 0.187 0976
52 50 %0 0205 ' 1.113
53 25 7% Q. 548 04174
54 0 100. 06385 0.674

fullgren (15) observed a eataiyzing offe¢t of iron on digeetion
of wood with sodiun hydrosﬁlfido. He aleo observed that sodium hydrosulfide
liquore are ver s corrosive. [he prssent work confinze that o.servations
I a reaction of tie following type ooscurs,

fo + 2 Fall == Hasi@sy ¢ liss

Ew——

<}

005 —> Feu * Kasl —— Naoi < HaCl,

n—t——

Ha

:

then the catalytic e fect can e ascribed to the forzatlon of a small
arount of sodiuam hydroxide, which‘would speed up the aotion of sodiuﬁ hydro~
sulfide.

The large awounts of iron dissolved in uooxe 1, 52, 3, and 54
may be accounted for largely Ly the faet that the iron eontainers used
were sections of wrought iron uvoller tubing, which is mueh lecss resistant
to corrosion than steel.

ihe evistence of iron cumpounds in a reducad condition in the
lisuor and in the pulps Iron pure sodium hydrosulfide cooits depands on the
fact thmt sodium hydrosulfide has to sone ext&nt 8 redueing action. The
preservation of corborydrates in & irat cook cannot well .e laid‘to thise
red.cin: sction for, ae the rosults of Cooke 73 and 10.: ® .ow, considerable
loss of caruohydrate uaterlal can occur 1f sufficiont sodiun hydrosulfide

is usad. Furtheruore, thie results in faile 1I show that 1f sul'ficient



chemical is prsaent; the destruciion of sarbohydrate materisl is about
the saze at all sulfidities, including zero sulfidity. Probavly the
favorz:le preservation ol carbohydrates in an ordinery srai’t cook is
dae to the zore rapid pulping action which exposes the carvohydrate to

a less concentrated liquor for a shorter time., [he sane considerations
apply to the condition of the lignin produst obtaired from these liquors.
The slkali lignin product from a sulfi.e liguor is much lijhter in color
than that froc a soda liguors ‘at, as the rasﬁlte of wopks 75 and 105
show, even a sodium hydrosulfide cook say procduce a lignin product which

1s very dari in color if sufficient chemiocal is used.

P. Effset of sulfur Content of .iznin fieeidues on leichauility of
- Kraft Pulps

A study wae made of the effect of the sulfur jroups in the

residual lignin in a kraft pulp on the sleachability of that pulp.

Experimental “roc.dure

3lesch conswaption was detemined by the amount of bleaching
powier (calculated as 3% per cent avalila le chlorine) required to pro-
duge a rishtness of 65 as measured on the General Ulectiric reflsction
meters Light~tenths gram samples were used in a volume of 65 ccw in
large test tutes. The teuperature eaployed was %80 o, The test sheets
were zude on the .ritis: standard sheet mold. rhe srigshtness readings
of & series of trial bleachinzs were plotted againet the percertage of
bleagh used, and the value at 65 brightnese was taien.

It was found necessary to deficer the pulps thoroughly with e
ralted-milk stirrsr in order to obtain consistent resulte. Pulps which
were not cooizsd uniformly were not comparaile with uniform pulps, 1.e.,
the results were kigher. Ffor this reason several of the puljs, which
had veen previously prepared, could not be used. It was also found nec~-
essar_ %o extract irom from the pulps uefore bleaciing in order to outain
consistent resultse. This was eccouplisied by treatin, sach pulp with
2 psr cent sulfuric acid at 1 pe:r cemt coneistency for three winmabes at
roor temparature and then washin, thorouzhly with cold water.



3 H ’ Wy . e '& e .

“wenl pul.pa of kﬁom pulfur end lignin contents had already

_been prepared im previous e:psriments. These pulps jave the following

rosulise
TABLE %¥
SLIACHIN: &TUBILZS
Lignin 3 in Lignin gleach vonsuwsption

Cook % ‘ % %
}i‘\: 12,60 .Y ‘ 7149
a1 | 6+93 2.70 £0.8
52 - T«l3 : %460 83,6
-] P39 3«60 5.2
108 1.5 18,50 oo
>3 S5¢T7T 3,08 483

73 2415 , 2y B4
44 - 185 12.70 ~ 133

658K | A.97 , 300 3847

Bix additional pulps were p'roparod with soda liquora, and with

kraft tiiim,rl in the commerclal range of sulfidities. The results follow:

| TABLE VI

FURTLE: BLEACHING STUDIGS

Lignin 8 in Lignin Bleach Consumption
Gook %" : p 3 % .
S=l 2.76 ¢ 15.3
-1 721 1.4 &7.0
- K=2 DD 094 5340
K3 873 0+98 - D240

Kb 5400 143 3540

411 of the above data are plotted in Fijure De.
These results show & repuler increase in sleach requirement

with an increase in the sulfur content of the residual lignin in a



BLEACH REQUIREMENT TO 65 BRIGHTNESS (PER CENT)

“+4)

ol,H

1 2 3 N 5 6 7 8 9 10 11 12 13
Lignin in Pulp (Per Cent)

FIGURE 5. THE EFFECT OF THEE SULFUR CONTENT OF THE LIGNIN RESIDUES
ON THE BLEACH REQUIREMENT OF ALKALINE PULPS.
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kraft pulp. It is initoated that the sulfur eontent of the lignin ip
a fagtor ;? rolatively minor importance in the proﬁlem of Lleaghin: kraft
pulps, '?ulpa in the conmercial range all ocontain approsicatel; 1 per
cont sulfur in the li;nin, | |

An angwer to the gquestion dt the relative d¢ifficulty in
'bleaching softwood sod end kraft pulps is givem in Pijure 5. It would
appear that ithe difficulty in slemching kraft (and scda) pulps is due
to the nature o the alkaline-treated lignin residue in the pulps. Sul-
£ite pulps bLleach mch moie sapily then alkaline pulpa because the sul-
forated liznin rosidue requires littla action té neke 1t zeludsle in an
Alknliho calciue Eypoéhlorite sclutioms |

there is no appsrent e¢.ldence in Figure 5 in support ef the
“Qulfuf,dydstuff' theory which presupposes the éxistance of small amounts
éf e sulfur dyestuff in kraft pulps. Eviience uqntrary to this theofy
iz afforded by tﬁe limper relationship bo%vqnn_lignin content and bleach
con»umyﬁion, uhich indicates that tiLe lignlniié the important item. In;.
Cnok 105, which was obéked 10 145 per eent Ii;nin,.tho mlp required -
onlﬁ 4 per cent of uleuciing powd:r to reach 65 ﬁri;htnaot (ohly 10 per
gcent to reach T4 bri htness, and only 15 per cent to reszch 80 brightnooo‘-
a linear relationship)e Apparently, then, from these results, the dif-
ficulby'in bleaching kraft pﬁlps cannot be ascridad to & dyestufl which
is taken up tf;m ého lizuor, Lut %o the liuain roaiaﬁes thenselves,

In the atove tables the sulfuar amuﬁcnhs of'the 11¢a$n residues
in the extreaely whl; cooked pulps are probably too high. At the low
1i;nin eznt&nté in Qupmtiaﬁ; a very small smount of aulfur present in

any other marner iacoxes important enou-h te give fictitionsly hi h values

s



for the lultur sontent of the llgxu.m-
The deviation of the owrves in ?Lguro 5 frem the linoar

relationehip st low uantn omt-nta neans ﬂm&. as the lignin o.ntent
. becomes very low, the unbleached puly uppruchu ] brtgh&none

ii was thought that preliminary impﬁgpatioﬁ ‘oﬁf-‘ chips vith
the sodimm hydrosulfide amam of a knﬂ ‘iiquof, follewed by a cook
.nlth the sodium hydroxidc component,, uit,ht pfqduco moro nai.d pulpin;
than the ordimary r:wthodc JAth the sndium hydroault‘idc 1nit.ia11y preaenk
within the ohips, it ve» mew,m um. the m@w s0dius hydrosulfide lmnwf'
| centration thus oblained mt woduu 4 mare mu !mimuan et th.

' ,('“10‘“' with ﬁhe ugnln, and" bhlt tae mlfur-lic'nin ‘omp“mmd .ai ht ‘i: tcr-‘ ‘
vards diuolvo quite readily im the muu nm-uxm «aning the vbolo

) prooou mou mpu.

E 1"e

24x hundred grans of thama pim chlpo were iampregnated for .

20 minutes at 100~lb. nitrogen prassurs at 609 G« with 3000 oo+ of 3 per
cent sodiwn hydrosulfide in the Beliter autoclaves, The chips assorbed
690 oes of liquor. The remaining 2310 ogs was found by Wiration to
cantain 2,46 per cent sodtun hydrosulfide == s very Jefimite reductions
The chivs had a.sorbed 35.2 grams of sodium hydresulfide; or 3.5 per
cont of the weight of the wood., If 27.5 per esnt of total chemiocal is
used, 5.3 per cent sodlum hydrosulfice corresponds to a sulfidity of
40,2 per cent. inough sediun hydrexide was added to =ake 27,5 per cent
‘tetal sheuical, and water waas added to siing the total ccnsentration 4o
h per osnt. The comtents of the digester wers relsed in 1 hour to
| 17o° Ce and held at this teapersture for 1 hour, 15 minutes. The pulp
obtainad was eompared with a pulp ocooked in the ordindry way with a
A0,2 per cent sulfidity liquor at 27.5 per cent total chemical and &4 per
cmt. cmosntration, and acoording %o the. umo tenperature aohodulm

The data fer the m>ove .cooks are preaented in Taule V1.



TASLE V11
SFPECT OF PRELLALNARY IMP&E&BIA’PIbH wITt HIDEQSULPIDE

hesidual
soresned Lignin Residual Oarbohy-

uereeninze Yield in Pulp Lignin drate

* % # 4 *
NaH~impregnation 5400 b o400 8.08 394 40 46
Ordinsry cook De33 ‘}5000 6.05 259 40441

The resulte show thet prolininnrj impregnation with the sodium
‘hydrosulfide componént of a kraft uqmr'du not aocgelerate the pulping
rate, bixt. on the contrary, doeru"aod it Bamcuimt. Appatcntiy sodiun
hydrosulfide reacte with wood rather slowly when present alone, and the
aore rapid pulping action does not taie pitco :un_t.‘u both qmpon@ts of
the liguor are dia§ere’e& throughout the ships The entrance of ﬁm sodium
nydroxide in the case of the mPregmtibn cook was necesssrily vy dif-

fusion, whish is a slower process than the usial penetratiom.

e Hegent Work at the Forest ‘redugte Laboratory
fhile the precent work wae 1?1 progress a 'pa.por on the *sulphidity

7ffect in the Sulphate Pulpins of Jouglas iir® was presented at the annual
_n“tirig of the Teshnical issoelation of the rFulp and ‘aper .Lndﬁst.ry by
“ray, Mertin, and Jchwartz (_gi) of the ii'orest‘ Producte Lavoratory.

‘ Theee fnvoaugntor- assuned that the activity of sodiux sul-
fide is equal only to the anmount of sodium hydroxide formed through its
hydrolysis. In of.hor w&rdo. they proposed to calculate the aotive ochemi-

cal in a kraft liquor on tho .asis of the total sodium hydroxide (the
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free sodiur h,'droxi.d‘ pluu esuntiallf ene htlf qt‘ the sodium auu‘ido).
Cn thies 'asis, as the nulﬂdity of ‘a um h tncrmod.x actual
total cheaical wowld have te be inoreamed regularly to maintain the seme
voonconmuon of sctive chemicals »
Bray, i#artin, sad sohwafts made a uiicn ofv digestions of

Douclas £ir wood. for @ich the catcul-ntl&n: bf chenical vas made in the
avove nanner. The rn.bge 0 - 100 pox; cent, mlﬁdit.y s c'wt.u.id-- ihe
actuml total chemical was 20 per cent at O sulﬂdity and was 1ncronud
rogularl,, to }9 per cent. at 100 per cent ulfidity to a&inhin the oodim
hydroxm_‘ Qanpomnt at 20 por cent. It was found that the dogres of
delignification incressed progressivel; up to & sulfidig; of')& per cm.v
In t.he» ranze 34 to 100 per mt. aulf‘t&ity the desrse of) delignification ’
was oanm@ially constant, | | / o

| It has .een shown in this dissertation um. m aspuaption on
which :-?rcy;. sartin, and ?‘@anart‘.i‘ hand thoir ulonla’tion is incorrect
fmm'n:'thaorctiml point of vieu. ctnan,, m claim for ti aoreucul
ecouracy on thie point .ma MQ in t.hc&r pRper,

In the liquow uaod in their 1nvsaugauon the amount ot' t.hn

sod iam hy(sroxido companmt of tho kraft liquor was eomhn% at 0 m
sent, and the sodium hydrosulfide ennapcmnt. progrmhol}-vlmrnm as-
the ;ulfiéigy wae inereased. An innrogao in rate of delignification was’
naturally obmveé wiw an im_mn in tho"o’;&_ﬂw‘at of sodiun hyd.roﬁ;tﬁ'do :
up to the maximua amount of oodium hydtbmlfid?ﬁitﬁ v{hlch the lignin |
ceuld com.u!.m. A ‘fu'rthe.r,incres‘aqo in the ummmt of sodium h;r,dmgk‘f!do

produced no e facte
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_ On m banis of the experirental investigations desoribed in-
the preceding peges, the ro'iiowmg, conception of the action of salfide.
in the kraft pulping 'procng i¢ proposed.

The addition of vodimm wﬂu‘ to & sods pocking uqm
inoresses the rats of ite doligniryins acu.on and results in a otrong,cr -
palps The soddims sulfide is usmuuy sompletely hydrolysed at eooking
tcmpcramn into eodim hydroxtq\a and -odm hydromlridoo | Sither
lodlu hydrox.ido or aod:hu hydrosulfide alom will mlp wood. bud ntrm-
slowlys when both ompouus are present in the ligquor ths dclignity@ng
astion 1o mm. The reason for this is thet the naeuo'n of _ ﬁo&i‘ui |
,byiroau}.fidc with the lignix forme ligain-sulfur compounu whaloh dinolﬁ

- quite rapidl: in sodiws hydroxidc.

' The fact that as many as thres sulfur atoms (ﬁna& vgﬁ W‘ov‘ - ;
. ;-mlmlar concepbion of aum Ini Ribbu't) can be onmu into ugm
by a rnct:lon w!th Ood,illl lwwulf'uo, cug,geots that thc ra‘etlen -y
sonnist of a rcplaocnmt of auwnnuo h}'drnxyl Mq by -5 gmpu

| LA e S e O | :
.On tho basis of the punnt wm'k. it is oqggcaod that tho najor rucnm
-shereby lignm becomes’ -ahwlc in nlmino ulutiom ato or the typu '
| - lack + M == Lo o n‘
and .
| 1A B == jioke 4 k0
3ince hydro‘,on oulﬁdn 1a a stron . acid than n’oor, the hydrogon in
She LiBH is mo_ro acidio t\.ha{,n_’ohe -h_ydrogéa in the .»_.épél, and eamgquontly
bisE 1‘~ nore l{alubld in ullasl.’x tlun ﬁ@ﬂ- This afl‘brii a agchaniﬂ for

the more rapid solutien of the _liguih-mtfur coupound in sodiuz hydroxide.
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~ The increase in the pulping rate of a kraft liquor increases
with the mmount of sulfide only up to m certain pointj bqund this opti-~
mum sulfidity the replacement of sodium hydroxide by sodium sulfide
results in a decrease in deliznifying power. The resson for thie is
that while only aiout 20 per cent of sodium hydroxide is required to
complat01§ pulp wood, twice this mouﬁt of sodium hydrosulfide is ré
quired to accomplish the same results Consequently, as the sulfidity of
8 liqﬁor is inoremsod et constant total ohqﬁiul, the oi‘focm}; ’co#ﬂ. shen-
1osl is Jecressed, It Alaé follows fron thio reasaning that, in the ordi-
nary linited range of total chemical, it is not poesible to pulp above
certain sulfidities. In other words, & donni:to wininwe of sodiws hydroxide
_ is necessary in the cooking liquor vnh limited total chamical. Furthers .
more, the minimua asount of chemioal required to pulp wood at a givin
sulfidity increases regularly with the sulfiditye. 4s a still further
‘ qoﬁpqquoma*of. these faotis, the value of the optimum sulfidity ,ingra;aé_n
‘rogﬁl&riy with an in’cr.ias& in total ahenical. For, as the total 'ohﬁiul
is increased, the poiht whorq the ninimum anount of mceémvr chenical is
nppfoiuhed occure at higher sulfiditiess

fhe value of the optimus euiridit,f 1s not _afrect.ad. by shanging

 concentratior in the range O - 6 per cent concentration. this ie Lood
evidehéa thatl oodium.sulfide is aénontinlly comyletely hLydrolyzed at

ogoking tempermtures. For, 1:‘ the hydrolyeia were incomplete, the clLange

W sl

in the ‘egres of hydrolysis with a oha:g;a i womeutmtiah would wwlt
: ' AN

in a shift in the optimun sulfidity.
| Very reocent work &t the 7orest Produot)-,,uboxuﬁfot} hadtu“bu
that if the total sodiwm hydroxide in kraft liquors is held oonamﬁi. by
increasin. the total ckx;inical as the sulfidit; ie increased, then increased

do).ignif‘icnt.ion is observed up té 3 per oent sulfidity, and acove this
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sulfidity there ;‘? no further ohenie. "ma Vexﬁlgnauon for u;;,d rqdélt. _
is that if the sodiwm hydroxide campoment is held comstent while the | "
sodiun hydrosulfide camponent is inoreased, ‘the rate of dqlilénifioaﬁdh '
v}.n 1mrﬁ« up %o the point uhm the ligein c¢an .cmhxﬁo with no more
sodfun hydmaulﬂdc. ~ An inex ease \n the smowmt of wdlm hydrosulﬂdo
~ beyond this point bas no effect.

“The existence of iron campeunde u;.. reduced condition in the
li_q‘uor‘ and _m.u;. palpe from pure sodium hydromiiﬂdd cooks depende -on B
the faéd that sodium Lydrosulfide has to same extent a reducing sotions.
Tho oxpvrimonml aﬂdamo obtained in this work indium that thil :
reduai,ng aot:l.on is not ptimurny mpomiblc for the prajection of caw\o» k
» *hydmm m e kui‘t £ooke It ‘appears Iutnly that the nup«rior prour- T
vation oi’ uraohydnm ard of the strengsh ‘of ‘the pulyp, whigh otouras tn
kraft oooklng, is very largely depmmt on th' raptd doligmryint; aat‘lmu
Thie rapid »uuon roaultu in t.ho ozpamo ot‘ the canohydnh matarni ta
the aotdon gf e vuqu liquor for a short.or uao than 1a the w“ 1n nodp. —
pulping. ‘ “
~ e sulfur 4roups in the lignin resituss 1n & kraft pulp nake
the pulp elishtly more difficult to bleach: ut tits s not ‘an mporuut
factor. .»oda pulpu are very nearly asa du‘ticnlt o blaaoh LYY kmn pulpn.
It appoa}s that t!m difficulty in bhushing kraft and’ aoda pulpe ln due
f‘to the a.lkalim-trmtod 116nin residue in the pulpe. 3o axporimnul ovi-

-dence wap ehuincd to indicate the eziatcnce of a sulfur dsuwff in kraft

VHer
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