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ABSTRACT & —=— o m o mmmm e

~ 24 pulping runs for producing corrugating medium were
conducted with wvarious chemical concentrations of sodium

" carbonate and sodium sulfide (green liquor). 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. . - N -
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R INTRODUCTION

N

" The objective of this engineering prob}em is to
Dptimize the chemical ratios used inﬁgreen liguor semi-

" chemical pulpiﬁg. Firét‘of_all,‘it should be noted:-that the

nomenclature applied to‘green liquor wili be the same as that

used for kraft pulping.v The use of green liguor (GL) to
produce éémi—chemical pulp for corirugating medium Sfarted in

N

— \

the early to mid '70's. Green liguor has been used

_ . . / - . . L T '
successfully to produce corrugating medium, and several

N -

¥aciiities Qefe cqnverted from the neutﬁ§{=5&1fite semi-— \ -
chémiéélkkNSSC) prbéess to the GL‘Srq;ess (3§1Q9;; >
R - “"THEQRETICAL DiSCUSSiDN R
 RECOVERY CYCLE B s | oo

The major thrust’behind the.converéion to GL/from’NSSC

" pulping was because of its superior chemical\recovery cycle,
The GL recovery process can be thought of as the kraft

recovery process without the causticizing steps. The

elimination of the céustici:ing,cycle‘wouid eliminate the

1

slaking, causticizing, calcining, and lime mud thickening and

washing operations along with all of'thgir inefficiencies.

~ . . . , o

Of course the calorific value of semi-chemical liguors is

“much 1e§5 than for kraft blacﬁ liguor. BRut compafed to the
\ (S ‘ s \ ‘ B . o
MS8SC recovery process, GL pulping would eliminate the sulfur

burner and cérboné£e Fry5ta11izér.oﬁ_the equivalent steps in

i i . 7 \

MSEC mills using other recovery processésg'with equivalent




spent liguor fuel value (3:324,4:113,8&172&). The G
recovery system would consigt'of the evaporators, recovery

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

]

washer. 'SDdium sulfate Qould,still need to be added to the
recovery boiler as a make-up chemical.v_ ‘ o

LIguoR COMPOSITION L

The composition-df éreen 1iqguor. from the‘ktaft brqcess o
‘consisﬁstmainlyvof MazCOz and sodium 5ui¥ide"Ma28, and MaOH

is usually present from the dregs washing operation. To a
- much lesser extent, sodium will be present, as well as.

o
P

miscellaneous quantities of partially convefted sulfur

t

1V
s

compounds (?:360). Although the éhemical Spe;iesﬁpreéénﬁ in - ; -
green liguor, with the‘éxcept{dn‘DF-NaGH if thefmill'isfnot

— 7.
- e

~ combined with a kraft process, will remain the same, their S
/AT - . B ;o - ‘ - v i v - v - /\“ / s
. relative concentrations will undoubtedly be varied for use as
. - oA ro -

afﬁuiping liquor. : The sulfidity Df‘the'GL'wauld need to /
E ‘ - - X /
expressed as the GL sulfidity instead of the traditional

-

kraft white liquok 5u1¥idity.‘AFDr white liquor: -

% Sulfidity = ENa=S / (NaOH + Na=S)1 X 100 .

For Gl: . . /' - B

% Sulfidity = [Na=S / (Na=S + NaOH + NazCOs)1 X 100

In both cases, all chemicals are empfessed as Nazﬁ./\‘

Effective &lkali (EA) and active élkgli (Aé)lwiil be

éxpresséd the sahebeF\GLias defined in the kraffiprocess !

’ ) ’ ; —

. " EA = NaOH + .5 NazS, as Naz0. - -

)

AA = NaOH + Na=zS,.as Naz0. -

/ ~

It should be noted that while the sulfidity ‘as expressed




5

‘ «wﬁeceg for Sz’/ HS‘

For GL may not neceeearily’be much differentwthan the

sulfidity as e”preseed for WL, the ratlo of sul fur te alkali

‘will ‘be much higher for the L. S
6L EQUILIPRIUMS . N N
As with the kraft preceseﬂvdeligﬁiéieation in a GL- N

~

process woeld be expected to dependﬂon EA and euifidity.
Therefore the presence of EA and 5u1¥id;ty should be studied

under BL conditions. —
As mentioned beforey the EA is Dheyhalf the sodium
sulfide plus the sed{um hydrexide'preseet, thh eﬁp?eesed’as

sodium oxide.e Both eodlum hydre 1He and sodium sulfide are
R . - - N\ . \ -
etrong electrolytes, and hydrollee completely in water. -

—_ - ’

|
- b

These reactlons w111 proceed as follows- ‘

1) NaGH + H=0 ——=3% Na* + DH‘ o+ HaD

~
-~

-fThe,eul$ide ion will then react with water by the equiliefiu@

equaticn for fydrosulfide (HS™) of : , R

™

; Sk =_[HS- 1 LOH- 1 / [5= 1

Also possible is the equilibriﬁm.equatien'giveﬁ by

4) HS~ + H,0 <===>» HxS5 + OH~- . . L _

- L~

where, for HS- / Hz8 - ' -

/% = [H2S1 [OH- 1 7 CHS- 1
-OH™ 57 ]

Since the hydroxyl ion (OH™) ie_involVEdlin reéetionS.Z) and
- s ) T ;

,413,these reactions will depend on the pH of the BL &elution. .
= - A ! ' - " N N \\

It is known that in the pH range of 7 to 13 the hydrosulfide :

-~

' 3) 82~ + Hz0 {===3> H§~ + OH~ , R

/
B

©2) NazS + HaO-—-3 ZNa~ + §=- +,H20“ ‘ B



ion (H5™) is the dominate Spééies. At the higher pH range

the sulfide ion concentration increases, while at the lower
L N ‘
pH range the hydrogen sulfide concentration increases, where

» . \ —

the*hydrogen sulfide is a diséoiyed gas. : This indicates'thét

the hvdrosulfide ion will be tHe;dDminaﬁelspeties in a GL

N

solution (9:362, 12:247).

The sodium carbonate should not play a direct role in

 pulping; but it should react indirectly. The expected

\

reaction being: : -

o

~  5) N&=COx + Hz0 <===> 2Na* + CO==— + H=0

/ ]’(V . L i i N ) .
in equilibrium with . _— : S L -

- . 6) COx=~ + Ha0 <===> HCO=— + OH-

o

—

. ~ I - . -
Reaction &) would be expected tD proceed only slightly as

wriﬁteh, but‘it does imply that with the qeneratién’df*acids'

dgring,pulbinglréaction 5) would‘proceed to:thé‘?ight and act
as a buffer for thp GL. This buf$er1nq actlon would Servn:f

two purpbses, thp\¥1r5t of which 15 nDt letting thn pH Fall

” =

S0 1Dw that hydroqnn sulfide is generated. The Dther putposé

.being that alkali should continue to be available throughout

the pulping cycle.. . ’ T “‘/J, -
PULPING MECHQNISMS

Thp FP&CtanS .0f hot alkali w1th 1lgn1n is thP be=1" of

alkaline pulping.’ The main reaction of hot alkali with

qunin is'thefcleavagekbf'beta~arylyéthef linkages_between

the manv phenol propann unlts.‘ Hawéver; it has been shown

-

that undpr soda pu1p1ng condltlon: (NaDH) thp beta arvl etheri

!

structures are converted tao ehol ether structures.

=

P




being clea&ed.

A phenomenon that has been observed {n‘soda pulpihg is”
the considerable decrease in“réactioh rate_@hen about 83% of

the lignin has been dissolved. Theory hag it that some of

the dissolved lignin groups condeéense Dhto the fibers and that

these condensation products are very’résistant to attack by

{
alkali (F:330).

The Eraft process émploys,hot'aikali for

delignification. Along with delignification, the alkali

-causes degradation of the cafbohyd}afeé found in wood

~

7

inledjng‘the differeﬁf types/d# hemicelluloséé.énd the

“ cellulose. The ?qactiéh‘rate for thé beeling'reaction, éé’

~

- ' - : >k '/v.
well as for the stopping reaction, of carbohjdrat95 i51 :

\ -
-

i ; ~ . . . i ‘
" dependent on the concentration of sodium bydroxide; -

AN -

. -

Thé‘kfafﬁvprdcesé is a good staging. point for DbserVing';

the pulping;reactionsvof sgIFQF in an alkali hedigm.* Théﬁ
kraft process exhibits an increase in delignification rate

over the soda process as well as reducing the amount of
residual lignin at the end of the CDDH.- Thé-theory behind

~

the kraft delignifica@inn mechanism‘i5 that the hydrasulfide

ion activates, and makes functional, -certain lignin groups

that are otherwise resistant to alkali (9:37&). It has been

v

shown thét in the presence of the hydfasulfide ion, alkali

cleaves the beta~aryl ether structures instead of converting

: ' ~ . .
them~touenolsetherfstructuﬁes (12:247). +~The hydrasulfide ion
is théh‘Iargely Freed From'the,lighin étructuresgso Ehaf‘the

hydrasulfide ion can be said to act as a catalyst in the

~/

-




process. -The catalytic nature of the hydrésulfide ion is

evidenced by the fact that there is only a ;ﬁall amount of

' Eulfur-preseht in kraft 1ignin’(9:382),\g .

GL PULPING THEORY

The expedtgd pulping chemistry_for é GL cook would have

some similarities to the kraft process since it will be an-

alkaline process and will involve the QSE\DF the hyarosulfide
" ion. However, there should be some majorldifferencest One

difference may be the expected reaction rate. Bgcause the -

; y - -
~ y —

~ concentration of ihitial,effeétfve alkali will be .lower in
+the GL, itwféllows that the reaction rate for delignification

~ . 7 - EEN ‘. ) - - "», ) / o K
will be slower; therefore, a GL cook will take longer than a

p

Hraft—coqk:to reach a constant yield.\ T g

NN énoth@r difference would be that the concentration of

- !

LN N “ . . . ¢ J s i -
“.alkali should not drop as rapidly in GL cook because of the
bu%fe?ing,action éf the sodium carbonate. . Exactly how this®

may affect the resulting pulp properties, if it affects them

-ﬁﬁ all, iginot clear.
Perﬁéps thé mést important dif?erencé between a_GL and
g kréf£~caék is that the ratio of éodiuﬁisﬁikide ?D EF?Ective
alﬁé%ilﬁill:bebmuch higher in the GL. One pqgsible effect of
this tréﬁt may be a more selective cook, thu% prodqting a

higher,yié;a. Another possible effect of this higher ratio
hay be that the residual 1ignin~will not be"as resistant to”

. S .L “ . . i . ?I . . .
, chemical af%aﬁk,as kraft lignin is, thus {hcréasingwthe N

-~
—

”biéachéb{ity of the GL ﬁulp, ‘Hoﬁever; through his research

activities, Dr. Sarkancn of the University of Washington has

&




ideveloped a difFerent thebry.. In h15 work with gr en liqﬁor
pulplng, the details of which he cannot dlsclose, ‘he found a
hlqh amount of condensation type rerldual Ilqnlns. . He Feels'
\that the 1n1t1ai 11qn1n reartlons w1th green llquor produce;

large amounts of conlferyl alcoho}s, whlch ‘are thought to be

lighih condensation precursors. He suggested that a two stepﬁ

gkeen-liquor'cook would probably produce the best results.

GL PULPING CONDITIONS A RS
Y -__’ . q — \ L
The first problazm in formulating an experimental plan is
e, - ’ [ L s ~ -
Jo- - .. / / \ . -

- /deciding on Qhat to base the compositfon of tHe 1iquor. One | -

study on GL seml—chemlcal pulplnq used 7. S%TA and 25/8-

however , lngx of thp TA WAS from NADH. In thls Study thm'Q 7

- pulp was cooked For_EG min. at 18U°C,w1th a 11quor to wood .

| . / / - ) ) - i . ) "‘.’ -
}ratio af 4:1. A Nestvaco patent ‘shows that they‘currently

~ 7
N .
use a contlnuous qreen 1i guor pulplnq system to pFDdULP pulp g

{

for\corrugatlng medium. Un+ortunately4 the exact chemlcalﬂ

‘ - N

concentrations, and cooking times are vague. Accordlng to«* C

J

E the pﬁtnﬁfa Nmstvaco uség S—10g total alkali per 1UUg Q. D

. "/
wc:i‘oda wlth & range of ”4/ 43% Sulfldlty westvaco claims the

pulplnq times’ arp in thp 20 min. rangp -but thlS is. wsth a

>’

continuous process. The patent does not state whether the

total chemical charge is added at once or in a two step
T g ‘ o : ’ - T . oo
manner, as Dr..8arkanon mentioned.- .

., EXPERIMENTAL PROCEDURES ~ = *° - -

/ TN : N - . ; - L e

', PULPING . : | S o

’ ‘ Co - \ -

P . / < . t - ‘~. f . . .
~Liguor solutions were made up using MNa=CO=x and &60% Ma=8..

& total of 12 solutions were méde'up with each solution béing'




used fDF‘th cooksa The solutions were based on 100 g of

D.D;'wdod and a 4:1 liguor to wood ratio. The chemicals were

added tD a graduated cylinder aldnq with enduqh water td

S

bring the total leume to 800 ml. 400 ml df rach Solutan

was then used for a cook. Appendl 1. gives the exact‘make

-

- up of each solution. The pulpinngDnditidne'are given in

Tahle I. The chibe and Iiguor were placed in the bomb

fdlqesters and mebS placed in the preheated oil l:vath.i and the

~ <

codllnq t1me was coneldered to have etarted when the

’

'temperature aqaln reached re+p01nt. After coollnq, the Bombe

were quenched 1n ‘a water bath and the chlpe remDved and

-

320 mesh
N - bl

waehed.‘ waehlnq DF the chips was performed on a

screen. Ihe chlps were squeezed to remové excess water and

weighed. Samples of the chips were then dried to determine
\n N { ' . Yo ‘\A - - .
their moistufe content and the resulting pulping yields. " The

chi ?Bv Renet e E-f‘i RARI siagesr L EUErs weer s @enpi D vl e, Bl
:passed through-the 1aburu1¢3y‘d?u& et s T ae HEHAY timee eed
necessary td‘de%iber the pulpstxti x PR f

REFINING = e R -

— . - . - —

Refininé of the pulps was perforhed in the FFI mill at
10% consistency with 30-g 0.D. ?iber.! Two final Freeneee_“

S were targeted for each pulp, and tyd-eamples were reFined—tdr

each freeness. In order to refine the pulps to target

v
e

freeneEEéﬂ E was necessary to stop the FFI m111 Dccaeldnally

~

"and take a 10 g sample td check its Freenesg.' If the Sample

freeness, corrected only for temperature, was not close

enough to the target freeness thenrthetsampie wae-equeeze'




Table I. Fulping Conditions -
Wood %rembling‘ﬁspen
. ChﬁpsV : - : : s ‘
- weight N 100 g 0.D. ‘
\ - N . . o
‘ ‘ : o
‘avg. size | ) 1 in X 1-in
: Liqﬁor:wood Ratio 431’
Time %D Temp.  (26 min ”,.f/’ .
‘Time at Temp. - 35 min ‘ B
Cooking Temp. = . i70eC y N
L : . -
, - = ‘/
A v g - - O
z ;Table ii,:bulp.Yields - \ o
Liguor - _ Total Alkali Sulfidity Average Yield
‘ # ) (K) T (7). {7)

R B/ RN L BN RA

o=

o

SN U NN N
\

- o
Q .
=
a
b
. — /
-
| -
' —
0
i
\ -
- ™~
vl
\ -. N N
‘
’

83.54 .
88.2¢6 ,
22.43% -~ .
87.49.

892.99 S -
27,86 :
892.21.

?1.460

?5. 38

87.86

85.81~

87.65 . .
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dried back to 10 g and replaced in the PFI mill.. The final

Freehess cbecks were consistency corrected. ' o B
PHYSICAL TESTING ‘» oo k

| ThettWD'samples FQE gacﬁ target freep955 weré cémbined
in the Népelrand Wood préportionator algng’with gnougﬁ water .

_ tD‘tDtal‘IQL. Ore liter *from the p;DpDFtiDnatDF was used for

it

gach handsheet. . The target weight for each sheet was 5.24 g

" which would be équivalent to the 26#719004tﬁvused for

cDrrugatfhg medium. The sheets were then allowed to

~ ;

4

"condition. for at feasf 24 hr be%ofektestingu’ fheAhandsheéts

-

/_ﬁere tested for basis weight,; jumbo mullen, (as read),

. breaking leng@h1~and Céncofa.flat ¢ru5h, lﬁppéndi# Bonntains Vﬁ;
the féé_da%a from these tests. o ’
N g ) : ] L By .
[ L -~ .RESULTS C o : S :

N - The pulping results are giVen in_Tabié iI.V_Table IT. -

1 ghows the aQeragE 7 yieldb¥uf each ligquor condition. The:
Yoo {

average yield varied from a low of 83.86% with the 10% total
- calkali and 40% sulfidityiiiquorjto a high of 95.38% with the
"S% total alkali and 10% sulfidity liquor. The data from’

-Table I. is illustrated in Figure 1. and Figure 2. Fig. 1. -

: ?plots thE‘Z yie1d5.again5t % total alkali alond:the four

v

constant sulfidity curves. Fig. 2. plots the % yiéld against

7 sulfidity a1oﬁg Ehe three constant total alkali curves.
- ‘ ’ g : ( . , e . -
¢ The results of: the handsﬁeetﬁtééting may . be found in

“

R <,
= 1 ‘ : - f 3

' Table III. The testing results are listed along with the %
’ v . L . v !
‘vield of the pulp and thé'liqqor # ¥rDm,mhicH they were
' ﬁroduced.v Figure 3. shows the reiationghip between the %

o . . -

Tt




Tabhle III. Physical Testing Results

R Average .
Handsheet Jusbo Breaking Concora
Uiguor Avg, Yield Freeness Weight Hullen ~ Length Flat Crush
g OMALIS csf (1b/1000sf)  ~ psi ke bs.
10 10/49 +83.833 462 23.9° 30.1 - _A.668 - 49.3
- 1 10/39 + 853,535 433 25.9 45,1 4,119 45,5
2 /20 88,253 44 26.1 37,3 3.200 35.4
3 1o/19 92,43 438 C 259 23,48 1,838 © 23.6
B {1 7.5/49 - 93.805 441 o261 44,8 4,011 . 43.3 _
4 7.3/39 87.49 452 2.8 39.5 3.479 . 18,3
- 3 1.5/29 - 89,9835 439 26,9 32,6 2,639 . 30,48
7§ -1.5/10 93.86 447 23.9 - 21,0 1,338 18.4
12 5/40 87.63 430 26.9 39.1 3.492 31.9
7 5/30 C 89,2t -455 26.1 349 3.037 - 33.4
8 5/20 © 91,395 456 _ 26,2 29,2 1.997 © 2583
99/ 93,373 KLl 26.9 16.7 8.799 o 13.9
10 10740 . 83.855 347 - 26,0 _ 313 3.301 -
1 10/39 - 83,335 356 23.8 52,3 . 4,895 36,5 . ¢
2 10/29 88.2335 -338 0239 T A0 0 3938 47.2 ;
3 19/10 92.43 345 25,9 320 5% - M8
11 7.5/40 85.803 - 354 26.1 * 5.9 "4,829 . 54,4
§ 7.5/30. . - 87.49 -+.3539 26,0 46.6 4,289 49,9 .
3 7.5/20, 89,985 352 26,1 - 39.8 ~ 3,426 A7
6 7.5/10 93.86 361 26,90 27.8 2,083 8
~ 12° 5/49 87.63 343 23.9 46.2 4,292 8.9
©T 5130 89.21 3/ . 26.1 4.9 3.760 43,5
8 -5/20 91,5395 357 26,0 35.2 3.03t 35.9
g 910 95,3715 7 348 - ~22.4

}2&0

1,540

3.5

~
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v

vield of the pulp and the jumbo mullen of the sheet. Figﬁfe

4. illustrates the same relationship betﬁeen yieidighd ’ i s

PR .

breaking length, and Figure IS. relates yield and Concora flag

crush. -~ ' o A

'DIéCUSSIéN«? X
" The vield results from ﬁhé pulping rgps show Sémé gQDd
relationship5§~howéVEF, the D;éfalltraﬁgé p?syieldg wegé‘/
iower thgn éxpect;d. THQ graph in%Fig.yi, illustratés two
relgtionshipé.,lFiréﬁ, it shows thaﬁ the telationship betwgen
% TA and ;iéid is 1;6ear‘at a given i*s@lfidity.d Second Ehe’

N

graph indicates that at a given Zfﬁ-ﬁhe yigld-decreases, or

pulping rate increases, with increasing %S. Fig. 2. clearly

indicates a third relationship. -The graph shows. that while

-

Il

. vield does decrease with incfeaSing %S at

constant %“TA, the

r_lationshiﬁ is not linear. " The graph shows that at a

constant % TA, a relatively steep decrease in pulp yield, - 2
about 4%, occurs with an increase from 10%8 to 20%S. The
decrease in yield between 20%S and F0%S:drops to about 2.5%,

and between F0% and 40% it drops to-1.6%. If équations'were

i

fitted to the curves in Fig. 2. it~ appears that . the second

derivatives would reach maximums, maximum rate of change, at

Cclose to 25%5, dindicating that 25%5 is the optimum %S for -

SUTA. 7.59%T6, and 107TA. All,of’tﬁe statements made aBéVé

must be qualified by saying thaﬁ,they are only necessarily
valid witﬁin thé'give ranges of %5 and - %4TA, dnlykwhen puiping
under thé_speci%ied conditions, aad Dﬁly when pulpihg/f-

trembling aspen. _— -

-




The initial target range‘for yielos was between 70% and

A

B0O%: howeyer, the lowest vield was 83.8&%.. The available

literature on green liquorrpulping‘lndicated that with the

%TA and %S used 25 min-at 180°C should have produce vields

within the 70%-80% range. The oil bath temperature was set
at 180=C; however, the actual measured temperature was 170=0.

Since it did notnoccur to me to"checV the actual temperature
of the bath until hﬂlfway thirough. the Second pulplnq run, it

Was too late \to adJuet_the temperature controller e eetpolnt
It was decided.not to alter the pulping conditions for the

P

‘remaining twolpulping‘rune.' femperature3mea5urements on the
third and fourth runs also Sho@ed 170°C at\the 180=C

cr iy
eetpoint. Another factor that probably affected the yleldey

‘was the size of the ch1p5 that wae used. The llterature
.@nditated that very 5ma11 Chlp Sizes ehould he’usedvto’allow
.‘rapid 1iqguor penetration, Typical chip‘etiee were those

retained between 35/8" and I/14" scrdens with a Williams chip

analyzer {(Z:111). The chips used in these cooks.ayeraged

about 1" by 1" eince\the'were"meant for an industrial‘kraft

process. Indlcatlone ‘are that wlth a pulplno temperature of

5,

180=C and with an average Chlp size of about 1/2” by 172"

N

yields may:bery hell have been -in the target range. - =
The results of the handsheet teetingjallnehow the same
thing. The strength propertlesfothhe pulpslare"oependent on.

~

§

"the vyield of the cook with a 1ower vield resulting in greater .
strength. -The relationship between‘etrength properties and

vield appears to be linear on all thre ee oraphe. Of course,

14




,Vield, it may be concluded that with theee pulping v o

CDndltanS the rate Df pulplng is 11near with respect to ZTA

% ) . ~

these reeuite‘cannot be assueed to be true when pgiping N

conditions are other than those used here. ; B ,‘/ti

~

o1 conewwston Lo T -

- The results sth that, wlthln the‘pulping cend{tiens‘J

e N

glvenq“the strength propertles of a green 11quor pulp are/ﬁ

'11near1y related to,the extent ’ ‘of pulplng~a5 glven by‘%

at a eanetant Zh.b The resulte also ehew that under theee

o4 : R - o ]\L,

'ronaitioné’tﬁe'eptimal eulfidity is 9“%, and the opt’mum ATQ

{

is dependant Dnly on the de51red yleld or requlred etrength

.assumed to be valid under the narrowly defined conditions

_— 4 ! . . - 2
prepertles.' Co :

- I'e
I {

{~ - RECOMMENDATIONS ~ . L

- N 7 C ’ i o - . ' 7
 The results and conclusions of this project can only be
. R - B - . . . o . J R - R

RN E \

< — ~

epeeified,~‘The.amQunt of knowledge_about areen liqguor
pulping would be increased if these narrow cenditioﬁe were

PR

- expanded. This doesn ‘'t mean more vwrlablee ehould be

;
{

" introduced into this experiment,’but’rathergtether variablee

;

(. . , . v - ' .’ /]I .
and relatibnships should be 1DDPed at in the’eame'Manner.

%Dme Dther varlables that might be 1DDPed at would be the

effect Df tlme and +emperature on green 11quor pulplng and

PR

the resultant pulps, or. one m;ght,want to leok at the effects

i

of hlgher “total alkalis than those used here. With eqough DﬁJ

this-type of information it .might be eeseibie.te create a
Ehert For'green liquor pulping that acts as thev”H4facth“
’ ‘ ) g . - : s

does FDC Ereft puiping; Anqther‘intetesting; and probeﬁif

1ot
~
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more gratifying; prject woﬁld be to try green iiquqr pulping

~in multiple stages

~

.producela fulf cbemicai pulp.

has been done Dﬁ‘ﬁeutral sulfiﬁé‘palpin

it may be worth wh

?

ile to try-anth

L

.
pulping.
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Finally, with the work.that
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raquinone in green. liquor . L
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Liquor Solutions Preparation -
N -4

AFPEND I X

A. PULPING

]

20

: : . T Naglly . . Naz8 Naz$§
Liquor Sulfidity Total Alkali Total Alkali as Naz0° NaalOs - as Na0 8 40%
4 ooy () (q) (). g {q) (g
t 30 T 1040 20,000 14,000 22,83 6,000 * - 12,580
2 20 10,9 000G R 17754 .o 0 I
3 i 2 LT ‘ ELE
5 30 7.5 15,000 17.952 5.536
5 -0 7.5 15,000 12,000 20,516 6.290
6 10 1.5 15,000 13.500 23.080 - 346
7 " 30, 5.0 10,000 7.000 ¢ 11,948 ) - 6,290
8 o < 5.0 10,000 8.000 -, 13.668_ . 2,000 4,194
R AR U 50 10,000 9.000° 15,288 ,  1.000 2,036
0 49 10.0 20,000 ~ 12,000 20,516 . 8,000 16,774
T 80 MRl - R 15,000 9.000 ) ' 15.288 © .00 12,580
12 ¢ 40 R 10,000 T6.000 - 10,2587 < 4,000 8.288
.o : . o k _
Pulp Yields. . 3
. v . -, o — S
S s A Wet Chip  Dry Chip~  .Fraction -
Liquor  -XTA/ A4S, Jar -~ Jar + Chips Sample Saaple - Solids Yield .
i . g Co g g) ~ @ - ()
1 ©10/30 398.3 657.5 4,82 1,44 0.2988 | 85.47-
L 10/30 4169 - 475.4 4,30 1,29 0.3000 85.460
2 10/29 - 416.2 668.9 - 500 0~ 1.58 0.3140 88,60
2 1029 415.2 ~ T 48L.6 5.59 1.68 0.3005 > 88.14
3 10/10 431.9 699.4 5.68 1.78 0.3134 -92.53
3 10/10 438.5 691.3 A 136 0.3309 92,33
§. 7.5/30 432.2 7.4 7.85 240 . 0.3070 87.56 .
4 7.5/30 438.5 723.2 8.63 245 ;0,301 87.42
5 7.5/20 431.9 721.7 8.66 2.69 03106 90,02
5 T 1520 458.7 757.3 8.83 2.46 03012 89,95
6 LTSI M2 728.5 < 8.6 2,41 S0.3030 9378
6 > 7,510 448.5 757.9 10.57 3.2 0.3037 . 93.96
7 - 5130 46.3 388.1 21,20 5,53 0.2608 89.16
7 5130 46.3 "386.4 18.72. 4.91 0.2623 89.26
8 5120 463 400.4 19,67 7 5.09 0.2588 ., 91.43
8 5120 463 398.8 23.8% 649 T 0.2598 91.56
9 Te S0 463 412.6 20,37 530 0.2602 95,3t
9 - 5MO 463 137 21,52 5.59 70,2598 95.44
0. 10/40 483 . 3681 2,200 553 00,2608 83.94
10~ 10/40 _ 463 7, 35T a2 ¢ T4.91 " 10,2623 83.77
Y COSMA0 L 483 3TLE 1947 5090 T 0.2588 185,53
1 7.5/40 4.3 7 3769 0 - 23.83 76,19 0.2598 - 85.88
12 5149 46.3 , 3836 20,37 © 5,30 0.2602 87.76
12 5140 46,3 . 383.3 .52 7 559 °0.2598 8754

~




Sheet Weights (g) - 450 csf .

avg -

~

© Shest Heights (g) - 350 csf

_avg

/A0 1030 1020 ~10/10 T.5/40 7.5/30 T.5/20 1.5/10 S/ 530

5.2

3.19
3.29
3.20
3.21

3.22

N

.22
3.27

5.2
5.2

5.2¢

525

e

3.24
827
3.23
- 3.2
3.19

523

Y

5157
- 5-21 ~

. 916
3.24
9,27

5.21

3.29
3.20
3.31

3.2
. 9.27

3.25

~

5.23
5.22
5.20
5.18
5,25

" 5,22

/o Fi

5.20

2t

3.30
3.29
3.16

TV AS

5,29

5.22
5.20
5.30
5.13

5:23 -

3.24
3.34
3.26
3.29
“3.24

5.27

522
3.29
3.25
3.2%
3.26

5.2

514

3,26
3.16

3.22

3.26

3.2t

3.2t

5.28
5.26
5.26

5.25

3.26 .

v enwnian o
<

l

2
.2
2
2
2

A J
5.24"

1040 10/30 " 10/20 10/10. 7.5/40° 7.5/30 77.5/20

5.30
5.2

5.28
5.23
5.25

5.26

oy~

N

[

5,22
5.26
5.24
5.25
5.3

5.22..

CAFFENDIX R, PHYSICQL TESTING

5,24

L5.23

3.21

-

3.27

5.24

7.5/0 " S0

5,26
523
52

5.28

5.28

3423

3.22

5.3

©3.33
3.24
3.30

5% S0 S

54 527
52 5%
520, 5.29
524 523
525 530
SRR ¥, s
.
S

520

5.30
5.23

5,37

3.24
3.32

50

5.24
5,29
5.23
5,21
5.2

3.24

3/10

5.9

3.28
3.24

3.22

52

5,25

"5.22

/

527

3.27
5,26

3.23

3423,



Jupbo Hullen (psi) - 430 esf : .
AFPFPENDIX RB. PHYSICAL TESTING

A
[N

10740 10/30  10/20  10/10 T.5/40 T.5/30 7.5/20 1.5/10 S/M40  S/30 520
50.9 450 3.9 259 M5 M5 323 0.5 WS 355 287
5,7 460 35 258 M6 3.8 308 20,9 392 355 9.9
©49.8 . M. 35 0255 - 455 M40 325 L3 99 355 283
50.0 455 3.0 259 448 407 338 204 0 3.0 348 286
$0.0 M6 I 4T M5 WTT3e 24 30 M4 288
486 443 369 250 430 30 321 209 W2 32 29.0
50.0 457 360 263 A9 404 32.9 204 . 35 358 296
50.6 456 3.9 250 A4 33 34 25 3B 353 ~20.5
492 460 3.9 267 456 300 30 - 208 - 389 AL 30.0
) 9.9 W2 32 255 458 B/ 326 0.2 /2 M3 292
N R S T S 12,3 T4 20 L3S 2920
2, =ttt T o 3,752 5,520 0.8s L.Sid DAIS 0,546
L— \ / /'f\ 1
, ~ - h / L
[, ’ ".f_ ) /
- - { - a
; Jusho Hullen (ﬁéii - 330 csf ‘ _
10740 10/ 1020 1010 T.5/40 T.5/30  7.5/20 T.5/10 S/40 - 530 < 5/20-
ST.0° 5S4 AT 309 'S8 465 40.6 - 28.3 464 - 425 35.5
; 570 5.5 437 319 5.9 452 303 2.4 45T 40 359
- S5 S0 M4 30,6 - SLI 5.6 0 397 282 45.6 420 34.8
- ST 5.2 47 300 S 465 404 28.8  A67 AL 359
S8.7  SLT 4T 3T 5.9 46T 393 2.9 462 42 3.5
.2 57 M8 0.8 SLS 46T 3T 264 Cdeb 420 3L
SLTOUS2 4nb 32T SL0 4T T 40,0 290 469 ALY 34
R 562 SR3 MLT - 3L 200 468 409 284 L 457 ALA 356
SS9 SLL M6 309 SLI - 4 307 2.8 451 430 35.8
8.6 524 . 455 LI SO 4.0 38 . 2.0 469 LD 350
aversge S5 523 440 - 3120 59 466 o 398 208 46,2 ALY - 352 -
std dev 0721 0683 0679 T OTH1 0,903 0.697 0.4 0663 0591 0.569 0,641
= oo . v
\\ " . A ‘
. Y.
» . . ~ B -
: ) - -
— i’ ‘/'. !

s/10°

17.1
16,2
17.4
16,1 -
17.9
16,1
'16.8
17.0
16,2
7.2

16,7
0.512




AFFENMDIX B. FPHYSICAL TESTING

~

Tensile (kg/1Sas) - 430 csf o ‘ - -

10740 10/30 1020 10710 T.5/40 T.5/%0. 7.5/20 .50 S0 /30 50 S0

- ~ P

oy

8.80 --8.02 6.12 « 337 -7.73°  b6.56 3.08 - 2,92 6.32 3.79. - 3.88
9.00 ~ 8.1t 6.20 3.47 7.47 6,62 4,99 2.32 630 5.84 4,01
8.77 7.92 6.13 3.48 7.83 . 6,32 3.2 2.3 6,85 5.83  3.46
8.91 8.00 3.94 3.3Q .78 - 613 4.98 2,63 6.36 3.86 3.80
8.62 7.87. 625 3.99 7.62 6.69. - 4.99 2,38 6,73 - 3.83 3.73
“8.89 7.82 6.92 336 1.4 6,32 496 2.4 6,63 0 591 -3.88
8.73 . 8.08 5.96 - 3.43 7.33 .61 3.3 2.33 .51 . 5.8t 3.97
8,95 7.83 6.14 3.64 7.68 6,72 3.9 2,63 6.68 ~ 5.38 3.74
8.96 7.94 6.23 3.77 .73 636 . 5.04 2.49 6.77 3.77 .7
8.89 8.04 6.6 3.46 - 71.79 872 S o493 .44 6.70 3,94 3.87

- - e
SCA LN b O O B e O 3w N
M I PR 0 BN I O i = o & R =
'

]

Coaverage 885 7.96 7 612 | 349 T.7 643 5060 258 645 581 383 L
stddev 0.4 0.095 0106 0135 0416 0.081 0.007. 0.057 TO.M18 0088 0:104 0084

- {
v

—
won
~

—

-

Tensile (kg/tSea) - 30 csf - L . e T o

) 10740 - 10/30 . 10/20 10/10 7.5/40 7.3/30  7.3/20 V7V-.5/10 - 9/40 9730 . 3200 7510
' —~ / ; A s . A . ‘ ; \
: 10.73 - 9.18 7.44 | 4,92 9.36 _ 8.03 650 399 8.7 T.13 S.66 3,07
- 10.37 9.12 7.48 - 4,81 9.33_ 7 8.09 6,51 3.85 8,06 7.12 3.71 3.20-
C10.42 945 - T0 499 9,09 843 664 418 833 7 700 578 3.6
10,49 9.43 1.73 - 5.02 9.04 -8.18 6,57 4,12 K‘ 8.23 7.14 3.82 3.1
. 10,36 9.1 . 1.8 4,78 %35 836 666 399 80 7.5 GT6 2.97
10.36 9.24 .97 475 .28 8.27 6.34 3.92 7 8.06 7.09 3.89 3.401
- 10.40 9.32  1.38 3.07 ""9..:21 . 8.04 _ 5.48 3.85 8.27 - 7.36 - 5.8 3.13

10,26 -°9.32 7.3 5.08 9.36 8.01 631 3.96 8.2 - 137 592 L2
10.49 . ° 9.20: .97, &92°  9.14 8.19 6.62 3.87 - 8.00  7.13 3.86 3.16
. 492

10,32 7 9.07 7.43 9.14  8.20  b.66 3.92 7 803 7.2% .93 - 320

N

aversge  10.47 7 925 751 492 23 &5 655 - 397 G4 43 5.8 3.2
std dev  0.435 0,120 0,126 0,107 0115 0,108 0.101 . 0,104 0.115  0.099 - 0.085 0,078

/' ¢

—

2T




. avg

AFFENDIX B. FHYSICAL TESTING

Concara Flat Crush (lbs.) - 430 csf

S

75020 TS0 540 530 5120 S0

30,4~

10740 1030 10/20 10710 T.5/40 7,5/30
9.2 . 44 352 B 4T 38.2
497 468 366 B2 434 3.2
50.4 459 355 249 1432 382
50,3 45.4 . 357 ¢ 4.3 434 . 38
48,7. 454 357 3.2, 4Lt - 38.9
48,2 -, 45,5 349 231 4290 3.3
49.4 - 44,4 358 2.6 433 3.2
ST 48 443~ 356 2300 45 313
o487 454 340 234 4387 388
8.5 © 454 35 235 4347 384
P . P N . l’ N K )
avg 49,3 455 . 354 Bs 433 - 33
std” 0.722° 7 0,731+ 0,697 0.562 © 0719 0.407
- | )
. S g
Concara Fla.t Crush {ibs.) - 350 esf L
10740 10/30  10/20 © 10/10 7.5080  7.5/30
6.2 54 LAY 342 SAt 49t
60,2 577 48.6 347 54, 49.3
8.2 57,0 475 35.0_ 541 1 50.8
b5 562 4TF U 34 545 50,5
617, 562 468 360 5T 49.0
1.9 564 464 357 556 497
59.4 554 4.3 34t Toose4 50,7
80.3 557 475 3446 A1 50.9
6.1 861 465 11343 536 49.9
61,9 - 568 ' 46,3 348 . 534 49.4
~ ' N/ -
L0 565 0 47,27 (348 54470 49.9
std 0783 0720 0.691 7 0,590 0.716  0.700
. X ! -‘ / ¥

17,3 - 31,7 .
30,2 18,7 T 3.0
"3 18,3 . 38.5
3.2 1900 38,9
30.7 18,2 3.3
30,6 18,4 38.0
30.9 187 3.3
30,2 18,3 3.4
_29.7 - 183 38.5.
30.3 - 18.7  38.4°
30,60 184 3.9
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