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Green Liquor Pulping for Corrugating Medium 

By 
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Paper 472, Senior Engineering Problem 
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ABSTRACT:-"• -- "----------------------------------------------
-

24 pulping runs for'producing corrugating medium were 
conducted with various chemical concentrations of sodium 
carbonate and sodium sulfide (green liqu·or)_. ,. All other 
pulping variables were held constant. The results showed a 
linear relation between the amount of total alkali (on wood) 
and yield decrease at constant sulfidities. The results also 
showed the optimum sulfidity of the liquors to be 25%. The 
strength properties were only affected by.the pulp yield and 
not by the amount of chemical concentration used to produce 
that yield. 
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INTRODUCTION 

The objective of �his engineering problem is to 
I 

optimize the chemical ratios used in green liquor semi-

chemical pulping. First of all,· tt should be noted·that the 

nomenclature applied to green 1 i q1_1or \."Ji 11 be the same as that 

used for kraft pulping. The use of green llquor (GL) to 

produce s�mi-chemical pulp for corrugating medium started in 
... 

the ea�ly to mid '?O's. Green 1 i quo_r has been ue.ed 

success(fully ta produce corrugating medium, ·and severa.l 

facilities were converted frbm the neutral�sulfite semi-

chemical (NSSC) pr�cess to the GL process (3:109); 

THEORETICAL DISCUSSION 

RECOVERY CYCLE 

The major thrust behind the conversion ta G� from NSSC 

pulping \J'Jas bec:aLi."se <:if its superior chemi ca.l recovery eye 1 e·. 

The GL recovery process can be thought of _as th� kFaft 

recovery process without the caus£icizing steps. The 

elimination of the causticizing_ cycle would eli�inate the 
� -,,_ ' • I 

slaking, causticizing, calcining, and lime mud thitkening and 

washing_ope�ations a�ong with all of their ineff�ci�ncies. 

Of course· the calorific value of semi�chemical liquors is 
-

. ' 

�uch less than for kraft black liquor. 
( - ! : 

But compared to· the 

NSSC recovery process, GL pulping would eliminat� th� sulfur

burner anc:I carbona:te. _crystaJ.l i zer or -the equivalent steps in

NSSC mills using other recovery processes, with equivalent 

1 



spent liquor fuel value (3:324,4:113,8:1726). The GL 

recovery system �ould consi�t of the evaporators, recovery 

boiler, smelt tank, GL' clarifier, ,GL storage, and GL dregs 

washer. Sodium suifate would_still need to be added to t�e 

recovery boiler as a make-up c�emical. 

LIQUOR COMPOSITION 

The composition of green liquor from the k�aft process 

consists mainly of Na�co� and sodium sulfide Na2S, and _NaOH 

is usually present from the dregs washing opera�ion. To a 
I ' .,,. .. 

much _lesser extent,
✓

sodium will b� present, as well as-

mi�cellaneous �uantities of partially converted suifur 

compounds (9:360). Although the chemical species presen� in 

green liquor, with the'exception·of .NaOH if the �ill is:�ot 

combined wfth a 'kraft process, �111 rematn the same,'·t�eir 
,' j -1 

( 

relative concentrations i-iili undoubtedly be .varied ,f�r L\se as • 
f .I f ' 

a·pulping liquor. , The sul�idity of_the.GL would need.lo 
- - / 

expressed as the GL sulfidity instead of the fraditional 

kraft white liquor sulfidity. For white liquor: 

X Sulfidity = CNa2S / <NaOH + Na2S>l X 100 

For GL: 

In both cases, all chemicals are expressed as Naz□.

Effective alkali (EA) and active alkali (AA) t•Jill be 

expressed the same for. GL�as defined in th� kraft process 

EA = NaOH + .5
,
Na2S_,. as Na20.

AA = NaOrl + N�2s,.as Na20. -

/ 

It should be noted that ·whi'le the sulfidity as e>:pressed 



far GL may not necessarily be much different than the 

sulfidity as expressed far WL, the ratio of sulfur to alkali 

will 'be much higher for the GL� e-

GL EQUILIBRIUMS 

As with the kraft process, delignification in a GL · 

process would be e>:pec:ted to cfepend on EA ·and sulfidity. 

Therefore the presence of EA and sulfidity should be studied 

under GL·c:-□nditions. 

,< 

As rn�ntioned beforei the EA is ohe half the sodium 
�, \ 

sulfide plus the sodium hydroxide present, both exp�essed·as 
. � . ' 

sodium o:-:ide. Bot� sod�um hydroxide and sodium sulfide are 

strong electrolytes, and hydrolize completely in water. 

These re�ctions will pro�eed as follows: 

·1) NaOH + H20 �--:> Na
+ + □H- + H:20

' 
.. 

'2) .Na2S + H20---> 2Na .... + s2- + H�O 

'' 

. ' . 

� The sulfide ion will then react with water by the equilibrium 
\, -. 

equaticin for· �ydrosulfide (HS-) of : 

-where, for s2-1 HS-

k = CHS- ] C□H- ] / cs2- ]

Also possible is the equilibrium e�uation given by: 

where, for Hs-; H2S 

Since the hydrm:yl ion <m;-> is invol '1ed. in reactions 3) and 
I 

_4>t�these r�ac:tions will depend on the �H'o{ the GL �elution.

It is knc,i,m that in- the pH 'r<"=mge of 7 to 13 the hydrosulfide 

3 

/ 

~ = cH;s] coH-] I CHS-] 
\ 
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ion <HS-) is the dominate species. At the higher pH range 

the sulfide ion concentration-intreases, while at the-lower. 
\ 

pH range the hydrogen sulfide �oncentration increases, �here 

the hydrogen sulfide is a disiolved gas. This indicates that 

the hydrosulfide ion will be the'dominate species i.n a GL 

solution (9:362, 12:247). 

The sodiu� carbonate should not play a direct role in 

_pulping, but it should react indirectly. 

reaction being: 

The e:-:pected 

5} Na2C03 + H20 <===> 2Na•+- + ·co3 2 - + H:20

1 / . 

in �quilibrium with, 

Re,::1ct.ion 6) would bi expected to proceed only s1ightl� as 

writt�A, but it does i�ply that with t�e generation of-acids 
' 

/ ·: 

d�ring pulping reaction 6) would· proceed to-the �ight and act 

as a buffer for the GL. This bufferinq·action would serve 
--

,./' 

twc:i purposes, _the ,first of which is _not letting the pH ·f'al 1

so l m•J that hydrogen SLtl fide is· generated. The other purpose 

bei n,;i tha.t alkali should conJi nue to be ava.i 1 ab! e throughout 

the pulping cycle. 

PULP I NG __ MECHANISMS 

The rt?actions .of hot alkali 1rJith lignin i:- th_�:? bc:1.s:,i�=s of 

alkaline p0lpipg. 
. . 

The· main reaction of hot alkali with 

lignin is the cleavage-of beta-aryl_ �the; linkage� betwe�n
,· 

the many phen'ol propane uni ts� 
- , 

However, it has been sbown 

that under soda pulping �ondition� (NaOH) the beta-aryl et.he� 
I 

structures ar-e converted t'o. encl ether structures. 

. / . 

J 

J 

/ 



being cleaved. 

A phenomenon that has been observed in soda pulping is• 

the considerable decrease i� r�action rate when about 85% of 

the lignin has be�n dissolved. Theory has it that some of 

the di ssol V<:?d -� i gni n groups condense onto the fibers and that 

these condensation products are very r�sistant to attack by 

alkali (9: '.380). 

The kraft process employs_hot alkali for 

deli gni ·Fi cation. Along with delignification, the alkali 
'\ -� 

-causes dE•gra.datiori of the Ccirbohydrates found in \.'JO_od 

including the differeni types df hemicelluloses �nd the - . � . 

cellulose. The reaction· rate for the peeling react.ion, 
� --

,.,,ell as for the stopping rea.cti on, of carbohydrates 
-r-

; \ . - -
- dependent 6n the con�entration of sodiu� �ydroxidei 

is 

as1 

Th� kcaft-prdcess is a good staging-point �or observing 
;_ ) ' 

.,,: 

ihe pulping reactions of s�lfur in an alkali medium. 

kr.af-� process e:-:hi bi ts an i ncrea·se in dt�l igni f i cation rate 

over the· soda p1;,.oces-�:; -E•.s i,,Jel I as reducing the amount - of 

residual lignin-�t the end of the coo�. The theory behind 

the kraft delignificatibn �echanism is that the hydfasulfide 

_i Clll act i vat12s ? and makes functi anal 7 certa.i n 1 i gnin groups 

that are otherwise resistant to alkali (9:376). It has been 

shown that in the presence of the hydr�sulfide ion, alkali 

cl eaves the be:•ta�a,�y1 f:?the1� structi..tres i nste2.d of converting' 
/ ' 

- . ( 

them-to enol ether structui�s (12:247}. •The hvdrasul�ide ion
- ,  

I ,  

is then large!y fr-eed from the. lignin struc.tures_so thaX the 

hydrasulfide ion can be said tci act 

5 

-c: a r-·t-1,,c:·'­o..., �---cl .. c\ 
I 

::)t,, in the 

'; 

, -I

I 



process. The catalytic nature of the hydrosulfide ion is 

evidenced by the fact that there is only a small amount of 

�-ulfur present _in kraft lignin (9::-.:::02>.

GL PULPING THEORY 

The expec�ed pulping chemi�tr� for a GL cook would have 

some similarities to the kraft �recess since it will be an 

alkaiine p1�oces,.s �nd •tJill involve the use of the hydrosulfide 

ion. However, there should be some major differences. One 

difference may be the expectid reaction rate� 

concentration of initial effectfve alkaii will be .lower in 
/ 

.t�e GL, it follows that the reaction rate for delignificaticn 
I 

�•Ji 11 be sl m•Jer; therefpre 7 _a· GL coo�:: �Ji 11 take 1 onget- than a 
.... 

kraft- coo_k _to 1�·ec1ch a c:;_onstc1.nt yield. _; 

Anoth�r difference would be that th� concentration of 
'--... ' 

1· 
) { 

a'lkali should not drop as r.3.pidly in GL.c'ook because, of the 
-

/ 
. ' 

buffe�ing action of the sodium carbonate • .  Exactly how this' 

may affect the �esulting pulp properties, if {t a�fects them 

.. 
,. 

Perhaps the most important dif�erence between a GL and 

' kraft cdok is that the ratio of sodium sulfide to effective 

alk�li will be much higher in the GL. One possible effect of 

this trait m�y be a more selec\ive cook, thus producing a 
.... 

higher yield. Another possjble effect of this higher ratio 
-· 

may be that the �esidual 
,_' 

lignin will not be as resistant tci· 
. \ 

1 
chemi Cc•.! aftac:k a.s kraft l i g_!)i n is, thus i-ncreasing•· the 

bleachablity of· the GL pulp. ,However, through his res�arch 

activities, Dr. Sarkanon of the University of W?shington has 

6 
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developed a different theory. In_his work with green liquor

pulping, the details of vJhic:h he __ cannot disclose, ·_he· fc:iund a

high amount of coAdensation type re�idua� lignins. He feels 

�that the initial lignin_�eac:tfon� with green li�uor produce' 
_, 

1 arge amounts of c::oni feryl. al cohol_s, i,Jhi cl r'a.re tho�.1ght_ to be

lign_in condensation precursors. He suggested that a tw� step 

green liquor cook would probably produce the best results. 

GL PULPING CONDITIONS 

I 

The fi�st problem c:m e:-:peri nfental pl a'n is 
) / 

deciding on �hat to base the compositi�n of the liq0or. 
I ' 

' 

-

study on G� semi-chemj.c�l pulping use9 7.5i:TA-·and 25%S; 

hm•Jever, O. 6% of .the TA vt,:::ts from Na.OH. In this study th� 

pulp was cooked fof 24 min. at 180° t ,with � li�uor to wood 
I. 

4: 1. A Westvaco patent 'shc:i�Js tha._t they' cur-rent 1 y 
. r 

' 1_1�e- a contim.tou'i green 1 i quor pulping system to produc;:12 pulp 

for_c:or-rug�ting �edium. Unfortunately; the exact chemical 
\ 

conc:entr- <a\t ions' a.nd cooking ti mli:?S are __ vc::-191.�2 • 
. , ' / 

Ac'cordi ng to

the p,::i.tent, �•Jr2stvac:o uses 5-it�g total alkali :per .,1J>Og O. D.

-- J 

, . I 

i,,m-od� vJith 21 range of 24'1/.-48,: sulfidit_y. Westvaco claims ihe 

I --

pulping times'are in the 20 min. range, but this is with a 

continuous process.� 1he patent does not st�te whether the 

tota.l chemical ·c:h,:::trgf� is added ,:::tt <::ince or in a- tvm step 

ma.nner, 

PULPING 

as Dr •. Sarkanon mentioned.-. 

J. \ 

EXPERIMENTAL PROCEDURES 
( 

' 
j 

,: I 

/ ..., I -

Liquor solutions were made up us�ng Na2CO� and 

A total of 12 solutions were made up with each solution b�ing 

7 

/ 

\ . 

Oni:2 

ratio of 



used for two cooks� The solutions were based on 100 g of 

O.D. wood and a 4:1 liquor to wood iatio. The chemicals �ere 

added to a graduated cylinder along wi�h enoug� water to 

. -· , I 

bring the total volume to 800 ml. , 400 ml of each solution 

was then used for a cook� Appendix 1. gives the exact make 

up of each solution. The pulping\conditions are gi�en in 

Table I. The chips and liquor were placed in the bomb 
' � 

•digesters.and bombs placed in the preheated oil bath, and the

cooking t!me �as considered to hav� started when the

After cooking� the bombs

were q1_1ench_ed � n a water bath and the chips removed a.nd

washed. W�shing of the chips was,performed on a 320 mesh

screen. Ihe chips were s�ueezed to remove excess water and
' .

weighed. Samples of the chips were then dried to d�termine

thei� moisture content and the ,res1_1lting_ pt:1lpin"g yields. ( The

passed through the l a.h;:):· ,, : 

necessary t� defiber the pulps. 

REFINING 

/ 
-

Refinin� of the pulps was performed in the PFI mill at 

10% coniistency with 30 g O.D. �iber. Two final �reeness 

were tafgeted for each pulp, and t�o samples were �efined for 

e21c:h freeness. In order to refi�e the pulps to target 
- / , - / -

was necessary to stop the PFI mill occasionally 
- .,. 

\ 

and take a 10 g sample to check iti 
' 

( \ freeness. If the sa.mple 

free'ness, correcte? only for tr2mperature, vJas not ·close 

enough to the target freeness then the.sample was squeeze 

8 

temperature again reached set~oin~. 

--, 

'. 

r 



Table I. Pulping Conditions 

i,iJood 

Chips, 
i,,1ei ght 

avg. size 

Liquor:Wood Ratio 

Time to Temp. 

Ti.me at Temp. 

Cooking Te�p. 

- Table II.: Pulp Yields

j. 

Li-qLtor 
#' 

1 

2 

4 
c::-
._, 

.-6 

8 

9 

:to 

11 

:l.'.2 

Total Alkali 
(%) 

10 
1 (l 

10 

· 7. 5--
7 .. 5 
7. 5·

5

5 
\ 5

, ·

10· 
7.5 
c:-
..J. 

'--

Trembling Aspen 

100 g O.D. 
I 

:l. in X 1 - in --

4: 1 

20 min 

35 min 

_; 

; \ 

9 

SLtl f i di ty 
( % ) __ 

30 
20 

- ' 1 (l
30
20
10 
3(> 
20 
1 (l 

40 
40 
40' -

, I \ 

Average Yield 
(%) 

85.54 
88.26 
92.43 
87.49 
89.99 
93.86 
89.21 
91.60 

95. 38
83.86 
85. 81 ·· 

87.65 

/ 
' .

\ 

·-----------:_---------- ' -- ,------------------

\ 

/ 

---------:-::--- ------------.-

/ "\ 

'' 
. , 

_)~ 

\ . ' 
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dried back to 10 g and replaced in the PF! mill. The fina.l 

freeness checks were consistenc� c6rrected. 

PHYSICAL TESTING 

The two samples for each target freeness were combined 
,.

in the Nobel- and Wood proportionator along with �nough water 
. -

to total 10L. Orie liter �rem the proportionator wai used for 

The target weight for each sheet was 5.24 g 

which would be equivalent to t�e 26�j1oOOft�used for 

CQl'Tl .• \t.]atrng medium. Thi=! she_ets \l'H.�re then al lo1tJecl tfj 

condition;for at leasi 24 hr before testi�g. The handsheets 

. were tesb'2d for basis i,-.1ei ght., jumbo mul 1 en; <,as read) , 

.breaking length, ·and Concora flat crush. Appendix B contains 
I \ •, \ / 

,- l . 

the raw data ffom these tests . 

.RESULTS 

The pulping results are gi�en in Tabl� II. Table II. 
-

-

�hows the averaqe % vield fo� each liquor condition. 
\ - . - l ... � The 

average yield varied from a low o� 83.86% with the 10% total 

-alkali and 40% sulfidity liquor to a high of 95.38% with the

5% total alkari and 10% sulfidity liquor. The data f�om

-Table I. is ill�strated in Figure 1. and Figure 2. Fig. 1.

'plots the % yields against %"total alkali along the four 

constant.' sul frdi ty CL\l'"ves;, Fig. 2. plots the % yield against 
·, 

% sulfidit� alti�g the thr-ee constant total alkali cur-ves.
I 

,, 

The n:isults of, the hc:1.ndsheet_ testing may .be found in 

Table I I I. The testing r--esults ar-e 
1
listed along with the ��

•yield of the pulp and the 1 i quor- # .fr-om, \.'Jhi c:'h -they wer-e

produced. 

. . 
! 

Fi gur-e 3. shm•JS the r-ei a t.i onk.i,:i. p betv.ieen the '1/. 

/ 

11 

~ach hand~heet. 
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Table I I I. Physical Testing Results 

Average 
Hand sheet Jumbo Breaking Concora 

tiquor Avg. Yield Freeness Weight ttulien length Flat Crush 
I %TA/ %S . 4 csf (lb/!OQ(}sfl psi km lbs, 

------------------------------------------------------------------------------------------------

10 1(1/40 
1 10/30 
2 1(1/Zt} 
3 10/10 

11 7.5/40 
4 7.5/30 
5 7.5/20 

I 

'6 · 7.5/10 
12 5/40 
7 5/30 
8 5/20 
9 5/10 

10 10/40 
1 tti/30 
2 10/20 
3 10/10 

11 7.5/40 
4 7.5/31) 
.,. 

,J 7.5/20,.. 

6 7.5/11) 
12 5/40 
1' 5/30 
B ::.5i2(1 
9 5/11} 

83.855 
: 85.535 

88.255 
92.43 

. 85.805 
.87. 49 
89,985 
93.86 
87.65 
89.21 

91.595 
95: 375 
83.855 

, 85. 535 
88,255 
92.43 

85.B05
87.49

89.985
93.86
87.65
89.21

91. 595
95.375

462 
453 
446 
458 
441 
452 
,439 
447 
450 

-455
456 
440 
347 
356 

.-338 
345 
354 

-· 359
352 
361 
343 
352 
357 
348 

() I 

25.9 50.1 _4.668 - .· 49.3
25.9 45.1 4.119 45.5
26.1 37.3 3.200 35.4
25.9 25.6 1.838 23.6
26.1 44.8 4,011 43.3
25.8 39.5 3.479 38.3
26,(1 32.6 2.659 30.6
25.9 - 21.0 1,358 18.4
26.0 39.1 3.492 37.9
26.1 .34.9 3.037 33.1
26.2. , 29.2 1.997 25.3
26.1) 16.7 o. 799 13.9
26.0 57.5 5.501 

-

61
25.8 52.3 4.895 56.5

. __ 25. 9 44.0 . 3.958 47.2
25.9 31.2 -2.596 34.B

4,828 ;54.426.1 51.9 
26.0 46.6 4,280 . 49,t,, 
26.1 39.B - 3.426 41. 7
26.t) 27.B 2.083 2B.1! 1 

25.9 46.2 4.292 4B.9
26.1 4i. 9 3.760 45,5.,
26.0 35.2 3.031 35.9

--,.. 26.0 -22.4 1.640 23,5·
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yield o·f the pulp and the jumbo mul 1 en of the sheet. Fi gur-e 

4. illustrates the same relationship between yield �nd

breaking length� and Figu�e 5. relates yield and Concori flat

crush. ( 

· DISCUSSION-

- The yield results from the pulping runs show some good

relationships; however, the o��rall
0 

�a�g� ?� �ield� we�e· 

lower than expected. The graph in Fig. 1. illustrates two 

relationships. _Fir�t, it shows that the relationship between 
\ -, 

% TA and yield is linear at a given x·s�lfidity. J Second, the 

graph indicates that at a giv�n �T� t�e �i�ld decreases, br' 

pulping ratr� incr.eases, vJith. increasing %S. ··Fig._ 2. clearly 

indicates a third �e�atjonship. �he-graph shows.�hat while 
�, 

, yiel� �oes decr�ase witR increasing %S at coAstant %TA, the 
. ' 

relc1.tionship is not linec\r • .  The -graph shoi-Js that at ·a 

constant % TA, a relatively steep decrease in pulp yield, 

about L1-��, occurs i.,Ji th an i ncreas.e from 10,:s to 20%S. _ The 

decrease in yield bet�een 20%S and 30%S drops'to about 2.5%, 

and between 30% and 40% it dr�ps to·-1.6%. If equations were 

fitted to the curves in fi�. �- i�appear� that_the second 

derivatives would reach maximums, �aximum_rate of change, at 

5%TA, 7.5%TA, and 10%TA. All pf the statements made ab6ve 

must be qualified by s�yi�g that.thej are only necessari1J 
·-

valid within t�� give ra�ges of %S and-%TA, only when pulping

und�r the specified c6nditions, and only when pulping 1�

/ 

I 

J 

closr~ tD 2~':i;~s? -indj.c:ating that 25%S is the opti,nt.tm %S fell~ · 



The initial target range for yields was between 70� and 

80%; howeyer, the lowest yield �as 83.86% •. The available 

literature on green liquor pulp\ng 1ndicated that with the 
. . 

%TA and %S ased 25 �in-at 180°C should have produce yields 

within the 70½-80% range. 
. 

-

The oil bath temperature was set 

at 180° C; however, the actual measured temper�ture was 170° C. 

Since it did not occur to me to check the actual temperature 

, of �he rbath until h�lfway through t�e �econd pulping run, it 
·, I . . , ·-

WaS too late.to adjust the temperature controller's setpoint.

It w�s-decided.not to alte� the pulping conditions for the

· r_emaining two_.pL1lping· runs. Tem_peratur'-: 'measure!nents on the

third and fourth runs also �ho�ed 170°C at.th� 180° C

_setpoint. Another factor that p�obably affected the yi�lds·

wa� the•size 0£ the chips that was used. The 1 i terature

indi�ated that very small chip sizes should be·used to allow
\ . . 

. 

I \ • 

ra�id liquor p�netration. Typical chip sizes were those

retained betwei?.n 5/8" and 3/16" scr-eens. with a !;Ji 11-i,::ims chip

anc1l yzer (3: 111). The chips us;.ed in. these c:ooks. averaged

about 1." by 1." since - the ·1t,er-e me_ant for- 2m industrial' kraft

pr-ocess. Indi cati cm�-; a.re that 1tJi th ·a pulping temperatur-e of

180=C and vd.th an aver-age chip size of about 1./2" by 1/2",

yields may-�er-y well have been /in the target r-ange.

The r-esul ts of the handsheet test 1 ng �al 1 _sho!-'J the sc:"me 

-thing. The str-ength properties;of the pu�ps ar-e�ependent on.
I ', 

the yield of the cook with�a loweF yield r-es0rting in greater-

strength. ·The r-elationship between.strength pr-operties and

yield appe�rs to be linear on all thr-ee g�aphs. Of course;

16 
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these results·cannot be assumed to be true when p�lping , 
. / 

conditions are other than those used here. \·. 

CONCLUSION ,. , 

Th·e resul t.s shoi,J that, vJi thin the· pulping con di ti ons 
'· 

given�-the st�ength properties of a gr�en liquor pulp are 
I 

· linearly r-ela·l.:ed to _.the e:-:tent ·o·f pulping/·as given by'�,:.

yield. It may be �oncluded that with these pul9ing

conditipns the rate of pulping is linear with respect to %TA

at a c6nstant %S. 
- / / 

The results also show that under these
-.. ;. 

1 

�onditione
f 

the optimal s4lfidity is 25%, and the o�ti�u� %TA 
·---\. 

is dependant only on the desired yield or required strength

RECOMMENDATIONS 
f i - ' ,i 

Thci res�its and conclusions of this project can only be 
J 

', . 

assumed to be valid un!=ler the na1rrovJl.y defined co'ndi tj ans 

spec'i f i ed. · The amount of knm•Jl edge. about 9reen 1 i quor 

pulping �ould be inc�eased if these narrow c�nditio�s were 

e�·:panded. This doesn't mean more variables should be 

introduced inio this experiment, -but rather·, other variables 
I . 

. ( . _) and relationships should be looked Bt in the same·�anner. 
,:- . 

Some other variables that might be looked at would be the 

eff�ct of time and �emperature on green' liquor. pulping �nd 

the resultant pulps, or one might want to ·1ook at the effects 
, ' � 

,"" 

'of higher -total alkalis than. those L1sed. here. L1Ji i::h enouqh of 
/ !-,

this type of
( 

information it.might be possible to crea.te a I) ( 
, I 

ch.:: ... r·t. for, gr-�en 1 i quor pulping that acts as the "!:I-factor'' 
' ' 

does for kr�ft pulping. 
\ 

Another inte�esfing; and prob�6ly 

1.7 



more gr0tifying; p�oject would be to try green liquor pulping 
'., 

in multiple s�age�, to prevent lignin condensation,, t6

.produce -a ful 1 chemical pulp. 
. / ' :..' ,, 

Finally, 
' .  ' 

w�th the work that 

has been �one on �eutral sulfite�pulp{ng �ith anthraquinone, 
\. 

it may be .worfh while to try-anthraquinone in �reen li�uor 
-. '"' . ·. 

pulping. 

I -

J 
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APPENDIX A. PULPING 

liquor Solutions Preparation 

liquor Sulfidity 
4

-

m ..
------ ---------

1 30 
2 20 
3

,;,•, 
. ., 

4 30 
5 20 
6 10 
7 30, 
8 20 
9 10 

10 40 
r ' 

11 40 

12 40 

Pulp Yields-
\, 

.\ 

liquor XTA / ?S 
j 

------ -------

10/3(1 
1 ' 10/30 
2J ' 11)/20 
2 i 10/20 
3 10/10 
3 10/10 
4 7,5/31) 
4 7.5/30 
5- 7.5/20
5 7.5/20 
6 7.5/10 
6 ' 7,5/10 -

7 - 5/30
7 .5/30
8 5/20
8 5/20
9 _ 5/10 
9 5/10' 

10. 
: 

10/40 
10 - 10/40

- 11 7.5/40
11 7.5/40
12 ,5/40 
12 5/40 

'--

\.. 

Total Alkali 
m 

------------

10.0 
10.0 

._ ,:j 

7.5 
7.5 
7.5 
5.0 

' 5,0 
5.0 

10.0 
� 7,5 

5,lj 

Total Alkali 
(gl 

20,000 

15.000 
15.000 
15.000 
10.000 
10.000 
10.1)1)0 
20,(100 _. 
15,000 
10,000 

· Na2C03
as Na20· Na2C03 

(g) (gl

14,000 22,836
• � ':9'.t .... :-� �r.1 

. �- � ........ ..... , :•,.·· .. •-t 

.� :\I\··� :"·'• ��· 

�:::, .•·.•·: -�·· 1' : ·,":' 

10.500 17,952 
12,000 20,516 
13,500 23,080 
7.001) 11,968 
8.000 - / 13.668 __ 
9.ooi r 15,288 

12,001) -. 20,516 
9.000 ; 15.288 I 

6.1)1)1)_- 10.259-

� 

Wet Chip Dry Chip 
Jar Jar +- �hips Sa111pl� Sample 
(gl (gl --:(g) (g) 

----------- -------- --------

398.3 657.5 4.82 ·I..44
416,9 675.4 4.30 -1.29
416.2 668.9 5.00 ,- 1,58
415.2 681.6 5.59 1.68
431.9 699.4 5.68 1. 78
438.5 691.� . 4.11 1.36
432,2 717.4 7.65 2.41

--

438.5 723.2 8.63 2,65
437.9 727.7 8.66 2.69
458.7 757.3 8.83 2.66
\419.2 728.5 _, 8.61 2.61
448.5 75i.9 10.57 3.21
46.3 388.1 21.20 5.53
46.3 -.386,6 18,72. 4.91
46.3 400.4 . 19.6i 5.09 \ 

· 46.3 398.8 23,83· .. 6.19 -

46.3 412.6 20.37 5.30 
46.3'". 413.7 21.52 5,59 
46.3 '\. 360:·1 21.20 5.53 
46.3 365.7 . \ 18.72 : 4.91 

�46:3 377.6' 19.67 5,09 ' 

46.3 376.9 23.83 i6,!9 
4·6.3 \ �83,6 20.37 5.30 
46.3 383.3 21.52 5.59 

20 

.... 

Na2S 
as Na:zO 

<gl 
. -------

6.000 
.• .•_9;,e;• ... ;.,-.... • 
� .•.!' .... �, ·.":•.•· 

4.50(1 
3,000 
1,500 
3.01)0 
2,1)1)1) 
1.000 

. 8.000 
6,1)(11) 
4.01)1) 

Fraction 
Sol ids .. 

--------

1),2988 
0.3000 
0.3160 
0.3005 '-

0.3134 
0.3309 
0.3070 
0.3071 
0.31(16 
0.3012 
0.3031 
0.3037 
0.26(18 
0.2623 
(1,2588 
0,2598 
0.2602 

.. 

0.2598 
0.2608 
0.2623 

',0.2588 
·o; 2598
0.2602
0.2598

' 

Na2S 
@ 60% 
(gl 

12. 580.
� ..,:"I,·• 
.. : ·..:•-·· .. 
. •""'-= � <-

5.536 
6. 291)

- 3.146
6.290
4. 1�4
2,056

16,774
12.581)

' 
L_ 

8.288

' 

Yield 
m 

. 85,47 -
85,60 
88.60 
88.14 

,.92.53 
92.33 
87.56 
87.42 
90,02 
89.95 
93.76 
93.96 
89.16 
89,26 

l 91.63
91.56
95.31
95.44

,83.94
83.i7
85.53
85.88
87.76
67.54

-

, I 

\ \ 

\ .. ------

...r 

/ 



Sheet Weights (gl 

10/40 10/30 
-

5;22 5.24 
5. 19 5.27 
5.29 5.23 
5.20 5,21 
5.21 5.19 

avg 5.22 5.23 

,,- - If 
-..._ 

r 
She�t Weights (gl

'· 

10/40 10/30 

5.22 5.15 .· 
5.27 - 5.21 '-
5.26 5.16 
5.26 5.24 
5.24 5.27 

avg 5.25 5,21 
/ 

I 

./ 

/ 

APPENDIX B. PHYSICAL TESTING 

'' 

- 450 csf

10/20 -10/10 7.5/40

5.29 5.20 5,24 
5.20 5.21 5.34 
5.31 5.30 5.26 
5.21 5.29 5.29 
5.27 5.16 ·5.24

5.25 5.23 5.27 

·,

J - ,,

350 csf 

r 10/20 10/10 7;5/40. 

5.23 5.29 5.22 
5.22 5.22 5.29 
5.20 5.20 5.25 
5.18 5.3() 5.29 
5.25 5.13 5.26 

I 5.22 5. 23 .-- 5.26

-. 

(' 

. '· 

7.5/30 

5.14 
5.26 
5.16 
5.22 
5.26 

5.21 

·�

7.5/30 

5.21 
5.26 
5.28 
5.26' 
5.26 

5.25 

' .,,., 
\ . . .. 

7.5/20 

5.25 
5.27 
5.21 
5.23 
5.24 

'\ 

5.24 

J 

-

' 

'7.5/20 

5.30 
5.26 
5.28 
5.23 
5.25 

5.26 

I' : 

, - I / . .
j --

I 

·r 
v 

21 

7.5/10 5/40 

5,22 5.24 
5.26 - 5.23
5.24 ,' 5.21 
5.25 5.23 
5.13 5.27 

5.2L. 5.24 

' 
,, 

' 

7.5/10 . 5/40 

5.26 5.14 

5.23 5.25 
· 5,21 5.21 
5.28 5.24· 
5.28 .5,25 

.5.25 5.22 

i r 

_/ 

5/3(1 5/20 5/10 

5.22 5.30 5.28 
5.23 5.23 5.24 

.c _5.35 5.37 5.28 
5.24 5.24 5.22 
5.30 5.32 5.22 

- 5.27 - 5.29
I 

5,25 
) _. 

/ 

._7, _,___ 

' 

5/30 5/20 5/10 

--5. 27 5.24 · 5.22
5.26 5.29 5,27 

I 
5.29 5.23 5.27 

-

5.23 5.21 5.26 

5.30 5.26 5.25 
I 

5.27 5.24 5.25 
·, 

·.\

( 

:.. ( 
/ I 

< 

-

� 
, 

/ 

/ 

r 
' ,_ 

( 

__ ,.., 

(' I I 

/ 

--
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;.�_r;;� 

:·._ � d2-; 

' ' 
/ 

I 

average 
std dev 

Ju�bo i!ullen (psi! 

10/41) 

50,9 
51,7 

- 49,8

- ,•. 

50.0
50.0
48.6
50.1
50.6
49.2
49.9

,: ,.-. , 
. _;\_. . � 

... ,:
.,;. .

: 

10/3(1 

45.1 
46.1) 
44.1 
45.5 
44.6� 
44.3 
45.7 
45.6 
46.0 
44;2 

·= , 

.. ..;,..:. 
.-. �,.., 
·.·:. ;._.

;.. 
-. 

Jumbo Mullen (psi I 
/ 

· 10/40 10/30

57.1- 51.4 
57.0 52.5 
57.5 52.1 
57.1 53.2 
58.7 51.7/ 
57.2 52.7 

.57.7 52.2 
56.2 53.3 

! 57.9 ·51. 1
58.6 52.4

57.5 52.3
./ o. 721 . 0.683

/ 

_.; 

- 450 csf
APPENDIX B. 

10/20 10/10 

37.9 25,9 
37.5 25.8 
37,5 25.5 
37.0 25,9 
37.1 24.7 
36.9 25.0 
36.1 26,3 
37r9 25.0 
37.9 26.7 
37.2 25.5 

-- -

.:i: r .: • '7C',, :. --_._... � 

.. -::�,: :; � �S2 .: ..... 
. 

/ 

·,

I 

- 350 csf

10/21) 10/10 

44.7 30.9 
43.7 31.9 
44.4 30.6 
43.7 30,1 
4'3.7 31.7 
44,8 30.8 
42,6" 32.7 
44.7 31.6 

. 44.6 30.9 
43.5 31,r' 

44.0 31.2 
0.679 o. 711

- ./ 

r' 

/ ! 

'( 

7,5/40 

44,_5 
44.6 

,. 45,5 
44,8 

44,5 

43,0 
44.9 
44,4 

45.6 
45.8 

!4,3
t"' "'TC'"'I 
,.t, ,' -J� 

7.5/40 

·52,a
51. 9
51.1 

53.7 
52.9 
51.5 
51.0 
52. 1
51.1
51.0

51. 9
!}, 903

, 

PHYSICAL TESTING 

7,5/30 

39.S-
39.8
39.4
40.7
39. 7'
39.0 
40.4 
39.3 
39.1 
38.5 

31 � 5';, 
. -. _,,. 

',i ,. '.) •.(:; 

! '

7.5/30 

46,5 
45.2 

45.6 

/ 

46.5, 
46.7 
46.7 
47.9 
46.8 
46.6 

47.0 

46.6 
,0.697 

.-

,� 

22 

7,5/20 

32,3 
31,8 
32.5 
33.8 
32,6 

�. 

32. 1
32.9 

., 33,4 
32.1 
32.6 

32,b 

◊,�S!

).__ 

--, 

'/ 

7,5/20 

40,6 
/ . 

39,3 
39.7 
40,4 
39.3 
39.7 
40.0 
40,9 
39.7 
38.8 

39.8 
0.614 

\ 

-�

7,5/10 5/40 

20.5 39.5 
20,9 39,2 
21,3 39;9 

21,4 39.0 
21.1 39.0 
21.9. 38.2 
20.4 39,5 
21.3 39.8 

20.8 38.9 
20,2 38,2' 

21.0 39.1 
t).43�--

.-::, �t:} 

:, 

--

7,5/10 5/40 ./ 

· · 28.3 46.4 

27.4 45.7 
28.2 45.6 
28,8 .46, 7 
27.9 46.2 
26.4 · 46.6
27.9 46.9 
28.4 ., 45.7 
27.8 45;1 
27, 1 46,9 

27.8 46.2 

0.663 0,591 

), 

5/30 5/20 5/11) 

35,5 28.7 17.1 
35.5 29.9 16,2 
-35.5 28,3 17.6 
_34.8 28.6 16, 1 

-·· 34.4 28,8 17,lj 
34,2· 29,0 16.1 
35,8 29,6 16,8 
35.3 - 29.5 17,'0 
34. l. 30,0 16,2 
34.3 29,2 . 17,2 

.. - 34. 9 29,2 16.7 
,),615 0.546 0,512 ';.. 

/ -;- (t 

/ .-

/' 

' 
- ( / : 

, •  

/ 

/ 
- c· 

5/30 : . 5/20-., 5/10 

- 42.5 35.5 22.2 
42.1 35.9 22.1 
42.0 34.8 22.8 
41.1 35.9 23',0 

. 42.2' 34.5 ·- 22.0
42.0 34.1 . 22.0 
41. 9 - 34.4 23.3 
41,4 35,6 .:..22.2 
43.0 35,8 22,2 
41.1 35,0 '22.6 

41.9 '35.2 ·' 22.4 
0.569 (l,641 ·1),434

•/ 

, -" 

\ 

.-,-

/ .. 

J 

\ 



average 
std dev 

l-

average 
std dev 

APPENDIX B. PHYSICAL TESTING 

Tensile (kg/15mmi - 450 csf

10/40 10/30 10/20 - 10/10 
,,,. 

8.80 . ,0.02 6.12 3.37 
9.00 8.1L 6.20 3.47 
8.77 ?,92 6.13 3.48 
8.91 8.00 5.94 3.3Q 
8.62 7.87. 6.25 3.59 
8.89 7.82 6.02 3.36 
8.73 8.08 5.96 3.43 

8.96 7.83 6·. 14 3.64 
8.96 7.94 6.25 3.77 
8.69 8,04 6.16 3.46 

8.85 7. 96 ,, . 6.12 3.49 
.0.114 0,095 0.106 0.135 
,. ) 

\_ 

'"' 

/' 

\' 

.. 
. - ,.,. � 

Tensile Jkgl!5mml - 350.csf
/ 

-
10/40 10/30 . 10/20 10/10 

( 

10.75 9.18 7.44 4.92 
10.57 9,12 7.48 4.81 
10.42 9;45 · 7.70 4.99 

· 10.4t} 9,43 7.73 5.02 
10.56 9.1� : 7.43 4.78 
10.56 9.24 7.57 4.75 
10:40 9.32 7.38 5.07 
10.26 9.32 7.33 . 5.06 
10.49 9.20· 7.57 4.92 

1(1,32 9.07 7.43 4.92 
--

10.47 9,25 7.51 4,92 
0.135 (1,121 (>.126 0.107 

( 

' '-

-

'· 

-

' 

7,5/40 7.5/30-

· 7. 75 - 6.56
7.47 6,62
7.83 - , 6.52
7.78 6. 73
7.62 6.69. 
7.51 6.52 
7.55 6,61 
7.68 6.72 
7.73 6.56 
7.75 6,72 

7.67 6.63 
_0.116 0.081 

I 

··
1 

7,5/40 7.5/30 

9.36 8,()3 
9.33 - 8,(19 
9.09 . 8.13 
9.04 .8.18 
9.35 · 8.36

· 9.28 8.27 
9.21 8.04 
9.36 8.01 
9.14 8.19 
9.14 8.20 

9.23 8.15 
0.115 o_.100 

' 

" 
,, 

j 

23-

7.5/20 

' 

5.08 
4.99 
5.21 
4,98 
4.99 
4,96 
5.13 
5.29 

. 5.()4 
4.95 

5.06 
0, 107 . 

\ 

7.5/20 

6.50 
6.51 

. 6.64 
6.57 
6,66. 
6.54 
6.48 
6.31 
6.62 
6,66 

6.55 
0.101 

\ 

'· 

7.5/1(} 

2.52 
2.52 
2.55 
2.65 
2.58 
2.64· 
2.53 
2.63 
2.49 
2.64 

2.58 
0.057 

7�5/10 

3. 99 
3.85 
4.18 
4·. !2 

· 3.99
3.92
3.85
3,96
3.87
3.92

- 3.97
. 1), 104 

' 

5/40 5/30 5/20 5/10 

6.52 5. 79. 3.88 1.56 
6.50 5.84 4,()1 1.45 
6.85 5.83 3.66 1.56 
6.56 5,86 3.80 1. 41
6.75 , 5.83 3.73 1,43 
6.65 5;91 3.88 .1.67 
6,51 - 5.81 3.97 1,63 
6.68 5.56 3.74 1.44 
6.77 5,77 3. 77 . 1.51
6.70 5.84 3.87 - 1.55

6.65 5.81 3.83 1.52 
- 0.118 0,088 Q; 104 0,084 

', --

5/40 

8.07 
, ·8.06 

8;33 

1 
8.25 
8.10 
8.06 
8.27 
.8.26 
8.00 

- 8.03

8. 14

5/30 
' -- -

7. 13
7.12
7, 10
7.14
7.15-
7.09
7.36 -
7.37
7.15
7.26

-.7.19-
0, 115 0,(>99 

\ 
/ ' 

' 

\_ 

/ 

i 

5/20 · 5/10 
\ 

5.66 3.07 
5.7! 3,20-
5.78 3, 16 
5.82 3. 1 !
5.76 2.97
5.89 3,(1!
5.85 3.13
5.92 · 3.22
5.86 3. 16
5.93 3.20

' 

5.82 · 3.12
· 0.085 0.078

r!' 



Cone or a Fl at Crush (lbs. I _-

10/40 10/30 10/20 

49.2 46;4 35.2 
49,7 · 46.8 ·36,6
50.4 45,9 35.5 
50.3 45.4 35.7 
48.7. 45.4 35.7 
48.2 45.5 . 34. 9 
49.4 44.4 35.8 
49.8 44.3 - 35.6
48.7 45.,4 34.0 
{8.5 45.4 34.5 

I 
, / 

·49,3'·avg 45.5 35.4 
std. o. 122·- - o. 731 \_ 0.697

/ 

-
·-

Concora Flat Crush (lbs.) -

10/40 1(}/39 10/20 

61.2 57.6 ;_, 47.9 
60.2 57.7 . 48.6 
61.2 57.0 47.5 

, 61.5 56.2 47.4' 
61. 7 / 56.2 46.8 
61.9 56.4 46.4 

59.4 55.4 47.3 
60.3 55.7 47,5 
61. 1 56.1 46.5 
61. 9 56,8 46,3 

'' 

avg 61,1) 56.5 47.2 
std 0.783 0,721) (1,691 I 

I 
.. 

, I 

' -✓ 

APPENDIX B. PHYSICAL TESTING 

450 csf 
) 

10/10 

23.6 
23.2 
24.9 
24.3 
23.2, 
23.1 

· 23.6
23.0
23.4
23.5.

23.6
0.562

I 

7.5/41) 

.44.9 

43.4 
i 43.2 

43.6 
42.1 
42.9 
43.3 
42.5 
43.8-
43.4 

� 

43.3 
0.719 

,-
I 

350 csf 

10/10 }.5/40 

34.2 54.1 
34. 7. 54.1 

35.0 ,_ 54. 1 
34.6 54.5 

. 36.0 ·55.7
35.7. I r:r: 6 ;JJ, 

34; 1 · · 54'.4

7,5/30 7.5/20 

38.2 30.4� 
39.2 30.2 
38.2" ' 31.8 
38,1 '31.2 

- 38.9 30.7 
38.3 30.6 
37.2 30.9 
37.3 30.2 

-38.8 . - 29.7
38.4 30.3 

38.3 
' f � 30.6 

0.607 0.562. 

. 'I 

1, 

7,5/30 7.5/20 

49,1 - 41,4
49,3 41,6

i 50.8 41.2
50.5 ._ 41.4 

49.0 41'. 1 
49.7 41_.3 
50.7 41.9 

'---

7:5/10 · 5/40 5/30 

17.3 _, · 37.7 32.9 
18. 7 37.1) 32.1 
18.3 ,

A 38.5 34.0 ._ 
19.1) 38,9 33,4 
18,2 37.3 32.2 
18.4 38.0 32.5 
18.7 37.3 33.3 
18.3 37,6 33.5 
18.3 38.5. 33.4 

� 18.7 38.4 33.7 

1-

18.4 37.9 . 33,,1 
0.437'- 0.603 · , 0

!,
613 

r 

C 

j' .,. 

,-

'� 

-

, 

-, 

' ( 

- \ 

7.5/_10 5/40 5/30 

28,7 50.0 4_5.9 
27.4 49,7 - 45.7 ?

28.6 48.3 44.0 
29.0 48.4 -_45.2 
27.9 48.7 45.6 
27.3 48,5 46-,(1 
27.9 -.49. 9 ,45.0 

34,6 54,1 50.9 41. 7 ,- 28.4 49.5 45.3 
'./34.3 53;6 49.9 43.1 28.0 .48.0 46·. 7 

34.8 53,4 49,4 42.6 .27.b 48.4 .45,8 
) 

I 

'( 34.8 ._., 54.4. 49,9 I 41.7 28.1 48.9 - 45.5
0.590 0,716 0.700 0.613 0.546 0.712 0.679 

/ 

I 
(· 

I 
( 

/ 

L 

24 

5/20 5/10 

, 25,7 14.2 
25,6 14.5 
24.4 13.6 
24,2 13.4 
25.4 13.3 
25.4 13.7 

, 25,9 14.6 
25.6 14.3 
25.5 13.-£ 

'25.2 13;4 ; 

25.3 13,9 '--..( ti, 

/ o: 528 0.465 

/ 

I 

.-

-·

J 1 

( -. .. 
' 

- ,,

5/20 5/10 
'- , 

35.5 ;' 22.6 
35.2 23.2 
36.8 23.5 
35.9 23.6 
36.5 23.4 
36.1 23.4 
36.4 23.4 
35,6 .23,5 
35.8 23.9 
34.8 24.3 

35.9 23.5 
0,583 0.417 

/ 

i 
/ 
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