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SCME ASPECES OF SULFITATION AS A MEANS
OF
NEUTRAL SULFITE BLACK LIQUOR RECOVERY

INTRODUCTIOR

. The peper industry has for various reasons shown renewed interest in
recovery of black liguors from the neutral sulfite process, In one method of

recovery which has been suggested, concentrated liquor is fed 1nt*9':Kraft Trecovery

ks

furnaces to obtain a smelt consisting principally of a mixture ‘of K%ﬂod_ium' éa.rbon.ate -

x

*
i

and podium sulfide. It is generally 'believed that the dissolvad.:,smelt cannot be, . i

= M’n,.,._ \-&-. -ekouqn R
"

sulfited directly, however, for large percentages of oo,}ectlona'ble thiosulfates

polysulfites, and vpolysulfur compounds are formed., In this repbrt prelimlnary

experiments are described in which the effect of causticity of the green liquer

and’ temmerature of the reaction were investigated as possible retardants to the

formation of sodium thiosulfate during the sulfitinz process,

RXPERIMENTAL

Bun number 1 was carried out as an orientation experiment., A EKraft

vhite liquor of about 15% sulfldity was prepa.red to sinm.late causticized green

liquor. The chemical concentration of the liquor wag approximately 100 g. /l

s

900 ml., of ligquor were placed in & one Liter beaker. Sulfur dioxide was introduced - -
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liquor was sgitated continuo@sly with a PLightnin® mixer. Fo attempt was

made to control the temperature of the resction, A sﬁmmary of the data collected

T TTTTTT ST giFiRg HHE Fan s ziven im Table 1. TAt 90 mimutes a very strong odor of

e eeen e o Dydrogen. sulfide.was notede- .. - ccos L o il e e e e o -

During run number 2 the reaction temerature wes maintained between
20 and 249 C, 3,750 .ce. of Eraft liquof of approximatel& the same composition
as that of run mumber 1 wae daced in a H4-liter beaker in a water dath, Sulfur
dioxide was infroduced through a caplllary tube at the same rate per unit volume
ag the first-run, The liquor was agitated contimuously, Samples of 250-cc.
each were sypﬁoned from the reaction mixture at 15 migqte interfals. Table II

ie & summary of the data from the run.

_ After 105 minutes the'ﬁh“zellﬂ?apidly'to 8.5, then decreased gradunally
to 7.65. The odor of hydrogen sulfide became noticeable as the pH made the rapid

1

drop.

Bun pumber 3 wee mede in a teﬁberature range of 90 to 95° C. All other

— o e e s - = . e e —— — e e e e

conditions were uhe gape as used in run numbers 1 and 2 é;iié iII-is a—s;mnaiﬁ
of the data obtained, After 80 minutes, noticeable hydrogen suifide wes evolved,
The solution turned from 2 straw-yellow color to & very dark green. Sample 8
(105 minutes) was almost white. In this liguid was suspended a finely divide&
brown or black vrecipitate. At 107 minutes, the odor of hydrogen sulfide dis=-

appeared. Samples 9 and 10 were lizht green in color,

Equivalent welzhis of sodium carbonate were substituted for sodium

hydroxide in runs 4 and 5 to serve as baseline conditions for runs 2 and 3, The

temberature of the reaction and rate of sulfur dioxide addition of runs 2 and 3

. . ! .
, . P L jr;-»w
£ N . v ) ‘ " . . o . B




e

’ st i
o TNy
A v I T
- o h
b o
—
—t
0
&m -
. +
T h
i85 8
. 4
. :Mﬁﬁ %
;7 b
Wu 1
iy
o
£,
00 0°0
- e
W Zl —
,:.A:_A :
e Ly
ry s .-
o
P X
4
- -
e g .
-. - l“
_u.h .
ECRI
R

4

VS E i e

e
W

+
'
'y

v

2T Gl T°29 2°92T 9°% g8°s

- - - - - -
- n - - - - -
- - - - - -

91°9 "o L0 SE°0 €' 1T 24T

-H%mwz w.m.ﬁ\-m o._”\ow c.—..\.m oH\om a.ﬁ\.w

028N Be 0%ey_ee
£ o%gPay mommsm g “ey
1 0N NOX

I ETaVE

™
LE
He

.o o

‘exngeedmef,

6°9

£°0T
£°ot
£°0T
£*o1
#°0T
R0}
9*01

Bd

$°1
g1
$°1
$*1
't
*Zg

‘I99m03 0

006
" 006
006
006
006
006
006
006

*00

‘emmtop

z6
06
gL
0

0

l.q.ﬂ.E
‘Qmy L



}“

A
N T .
% o. .
..‘ﬂ .l.( _.a
KR
1 - il
.,.’Jw- w ﬂ
@9 O i
. .%...w.@ _
' P%._R
. S
1
. ;
Any ”__..
n T
© T, £°8
p. oy
_-nu.n.M L
S
e -
e __M ;
o tA -
2 g
RN
. et -
I !
NE '
SRR -

%]

i)
" A
e TR

i
.y
B TS

>

_me
‘1/2

4,
ﬁ ui@, vy se

&0 5

amwx?.-rxvx i tic

H A .
\W Qm s
e p.n..

30

o

8 49

..H\.m

' !
” 9°¢8
\ g
ge
mouz

T°¢T #°g€
6°6 €°S2
2L #'et
8°¢ 84T
'y €°TT
£€°c¢ ¢'g
12 #°S
9°T 2%q
§*0 2't
T8 cT/°3

oy

8'Hs £°TIT 8°% 0°9
9°65 21T  4°'S m.w
$°05 9°201 ) wunm
H°€h z'eg  #°8 w 0T
TS T A A I : 0T
rANTANN A S T M 8°T1
$°8T 9°LE 8°6  E°21
€01 6’02 2ol 6°21
€0 9°0 . 9°0T E£°€X
a\mam 1/°2 .MM@M mm\.m\
omuuz 8
'z -ox vng
II EIEV

£z

£z
44
2z
2
%4
%4
2

74

'
T

i

Ooo

‘exngerodey

i

G9°L

€T

€T
€1

€T

€1
€T
£1
€T
Hd

ee e
Lt
9Ty
854
00°S
s
28°§
v §2%9

Fuypeoy
J990mW040H

054'T
a00‘2
0sz'e
00% ‘2
0542
omo.m
052°¢
005 *€
05L'¢C

00
‘eumTop

STU 6
got g
06 A
Sl 9
09§
S4 %
of £
e1 4
0 1
. *um  *of
‘euty oTdmes




”

. - 269 - 00T 02T 01
o..o 0°0 | B 74 9°29 096 E€£°66T L°9 h°g . 56 H rA A 62 omN.._.H 01T 6
m,._o_ 00 €°0z 418 €°8L €£°65T #°9T 9°0z: §6 . 00'g ge-¢ 000°'2 1) 4 8

86 97T 4% el €6 €T 9w wwr 6 oezt L€ oz 06 L
o._m: mcom ~0%¢ 9°4 1°85 2°8TT €762 w_mn w6 0LTet 914 00s'L Sl 9 —
s - - - - - - ,...J..m 6 04°2T 85 052'z 09 - ¢ l.r

- - - - - . €6 og'et 00°§ 000°€ S 4

- - - - - - - . §6 . 06°zT en's 05z of €

.., - - - - - - - g6  o0g'2T 28°¢ 005'¢c ST r4
W el €0 e 20 w0zl g S6 .00t 29 0L o T
..ﬁ.m. .. . “ sxfeg - exfe . P _ | ! | 3
Y I e P W I K S vos S B
;7 Ho 0 88N 08 ex g% _ !

, _ £ oy ung

.. _ ITI E14Vd




i B S R I b | e 2 R i R AiE .mwv.ss»:wm
e P » . o .. RN L, L - -"%camﬁ 3
. P 1 tv g H Coia N Lo VREFREgeaT - AR é,li,ﬁ..raﬂlie* ‘,;- l

M Poe o2 0 T e MR A TR :f'“:*.?“"‘_.} -far.gu"‘ﬂ '
L FRAANEES S B0, 1102534 )
i1 : ToJ €0 w 3 )

R Project Report X

e e s ’ e - - .- - ~ . [P - - cee e - - -
T e I ‘ .

.ir= ’s:.

1 ‘t'll."

were duplicated in runs & and 5 reﬂPectively. Tables IV and V contain a summa:y

of the dats collected, e

In run 6 an uncauaticized ETeen liquor vas sulfited at 135° C. in a

laboratory stationary digester. Sulfur;dioxide vasg admitted to tha digester
through the auxiliary liquer injection a}stem Qt L4 psi zauge (the vapor pressure
at room temperature). The pressure in the digesief iteelf vas maintained at 34
psi g;uge. Liquor samples were removed from the digester tarough & condemser

at 15 minute intervals. Table VI contains a summary of the date.
SUMMARY OF RESULTS AND COHCLUSIONS

At the time of the writing of this report, six experimental .runs have
been made to investigate chemical reaction of sulfur dioxide with solutions of |
s

sodium sulfide and sodium hydroxideﬁaftzgdium_cqrbonate. Three different

. (3
-t

terperatures Wwere used. A critical study of the results is difficult for
attempts to minimize the work led to analysis of only selected samples, and of

these, certain errors are kmown to exist and will be discussed,

1, The material listed as sodium thiosulfate represents the totzl of
all reducing agents in solution., These would include the higher polysulfites.

It is not ¥nown to what extent, 1f any, they are detrimental %o pulp quality,

2, The scheme of analysis used is desizned svecifically for alkeline
solutions and is consequently aubject to error as the pH of the llquors bYecones
lower. This is especially true of the analysis for sulfide For example in

Run 4, sample 12, 14,7 g./li of sodium su%fide is indicated, but yet the solution

-~
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has a pH of 5.6 and therefore cgnnot cortain sodium gulfide/ nor was there an ‘

odor of Hydrozen sulfide which might be exnected if the sulfide was present at low

it e i o A o et g e = = e s = o= o w = n e e = o e s

- - SO

By examinlng tne data and curves Dlotted _&an iraight éf tpe"nature 6f

the reaction may be zained,

1. In sulfitation, sodium sulfite is formed directly from the alkaline
compound sodium hudroxide or sodium carbonate, This zay best be droven by plott-
ing the alkaline reagent concentration acainst the sulfite concentration and, as

. may be seen in Tizire 1, essertially straizht lines are formed, Thus the reaction ::

may be expressed ast

e
1) 2 FeaOH + sto3 = . Ha.2803 + 2EQ

e

-or- -“-__""‘«
2) ¥a 00 +H. S0 == Ne SO + K0
) W00, + B0, == NaS0 + H00,

2, If the polysulfites were formed directly from sodium sulfide the total

of sodium sulfide ard sodium thiosmlfate expressed zs N320 should remain constant,

T‘H:urzever, in. tnree experinmental runs for which tae data appear to be essentially
correct, this total inc;eases,--in run 1 from 11,5 fto 19.3, run 2 from 11,1 to
19.9, and Tun 3 from 10,5 to 31.2 z./1. Nazo. This indicates that some of the
alkaline reegent (sodium hydroxide) is involved in formetion of the thiosulfate,

The equation for the reaction might be expressed ast

‘___ N
3) 2Na$+2‘ﬂa03+ll-HzSO = 33325203 +5320

4). 2 Wa S+ Ne Go3 + b néso = 3. N’azszo3 + 4 Hzo + 002

e .

g
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Thermodynamic calculations based upon the equations listed above-

indicated that the equilibries becomes more favorable as the temperature of

rezcetion is increased,

In Figure 2, sodium sulfite is plotted agmainst the thiosulfate
content. It is immediately evident that the ratio of sulfite to thiosulfate
is more favorable as the temperature of reaction is increased, It is also
interesting to note that in the carborate rums, (numbers 46), the thiosulfate
reached & maximum value, devendent upon temperature, alt#ough a greater
proportion of the sulfite was formed beyond this point. The reverse seems to be

trie when sodium hydroxide is employed.

The rate of reactlion durinz run No. 6 wes, in comparison with the
other experimental work, mch slowgr, for the deta indicates that even after a
period of nearly six hours, the.;uifisfig was not completed. It is believed
that the métho& of introduction of tne sulfur dioxide into the dizester did not
provide enough contact between the zas and liquor. When further work is done

at elevated temperatures, if{ will be advantagzeous to pack the pressure vessel

with coke or other acid-resisting meaterisl znd introduce the zas intc the

strean of cascadins liquor at that point,

To summarize, it mey be cohcluded that in'sulfitation, godiunm sulfite
is formed by the dire;t combination of tne aliall compound with sulfur dioxide,
The thiosulfates, or polysulfites, at least in the renge of high vH, are believed
to result frominteraction of both sodium suifide and the alkeline material with
sulfur dioxide. The equilibrium conditions are such that hisher temperatures
retard the formation of the objectiomable polysulfites. There is alsc an indication
that a more favorable ratioj of sulfite to thiosulfate may result vhen sodium
carbonate rather than sodium hydroxide is employed in the }iquor.

~ FE/RE/Jh
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BLEACHIEG OF SEMICHEMICAL PULPS

¥Is 1% possible to delignify only the surfaces of the fibers,

thereby improving the nature of the bonded areas from a streagth standpoint??
vas the question asked by Dr. Forman in a memorandum dated March 28, 1950

‘tb Mr, Kottwlte with regard to semichemical puips,

As a start toward answering this question, six Mleaches” have

been performed on an unbarked commercial aspen neutral sulfite semichemical

pulp. ZEach of the six "leaches® were performed with relatively small quan~
| ) tities of different chemicals, the obJect being not to maks a vhlite pulp
or—-for that matter--not even a pulp" with improved color, but to figd out
if theﬁe chemical treatments have a tendency to increase or decrease the
strength properties and to what degree, as indlcated by Valley beater evaluation,
Bo attempt was made to find out t;he aptimm conditions for the usee of each

chemical, but it was hoped that the results mizht indicate what path to fE’olltmr

should further study be desired,
CEEMICAL TREATMENTS

The main reacting agents for the six chemical treatments that were

.-given to the. aspen neutral sulfite pulp were:

. Calcium hypochlorite'
Sodium chloerite

Potassium permanganate

Chlorine gas, followed by sodium hydroxide
Sodium peroxide

« 2in¢c hydrosulfite

O’\U\ﬂdl’\)l—'
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The following is the proecedure used in each case:

(1) Calcium hypochlorite

_ 560 graﬁ; (ovendry ﬁaé;s) of the dry lap pulp was added to
10 liters of water and this was disintegrated in the Willlams disintegrator.
The stock was then diluted to spch an amount that after célcipm hypochlorite
bleaching solution was added the consistency would be 3.0%, ‘Phe stock was

then placed in a 10 gallon size crock in a2 water bath and bleaching
proceaded as follovs:

Elapeed Time
Mimutes

0 Temperature of stock 35° C., pH 6.9, 2.0% bleach added on
pulp welght bapis“as available chlorine.

5 Chlorine exhausted as indiceted by starch iodide paper
7 2,04 additional bleach added as available chlorine.
12 pH 9.0
o 177 - Ghl;fiﬁe'e;hausted:-A?ﬁiﬁ was dumped in muslin-covered

wvagh box, washed with cold water, then dewatered, pressed,

and shredded, Moisture samples for purpose of yield

determinetion were taken, Brightness sheets were made

and sample wag taken for lignin defermination.

{2) Sodium Chlorite i

500 grams of pulp was made up exactly as was the pulp for the
proviocusly described calcium hypochlorite bleach and it was diluted to such

‘an amount that after adding & sedium chlorite solution (that vas made mp %o

30 £./1, of sodium chlorite), the consistency would be 3.,0%. 0Glacial acetic
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acid was used to lower pH. TFollowing is the schedule maed:

- Mlapsed Time

Minutes . - . . . .~ Lo

¢  Temperature, 37°C., pH reduced from 8.0 to 5,1 with
2 mi, Acetic acid, then 220 ml, of sodium chlorite
solution added (which tested %5.2 g./1. of available
chlorine). This equals 2,0% aveilable chlorine or
lo.o'grams on airdry pulp weight basis,

b 2 ml, more of acetic acid added, pH 4.7

8 2,04 more available chlorine added.

64 Dumped. pH 4,8. Residual available chlorine was 19,2 grams
so only 0.8:'@3113,* ‘ef available chlorine was censumed,
The pulp vas then treated the same as was the palp of

the calcium hypochlorite treatment after dumping,

(3) Potassium permanganate

Pulp vas pfepa.reél i-n-the samé mannara.a was that for -hypochlorite_
treatment, Consistency during reaction was 3,04,
“ The following is the schadule for the permanganate treatment:
Elapsed Time
Minutesn
0 Pemperature 35° C. pH reduced to 2,9 with sulfuric acid
| and then 1035 ml, o; ‘.1!;821+ ‘norma.l p;:tassium pérmanga.naté
was added with good stirring. This was equal to 15,8 grams
of pota.séium permanganate or 3.16% on ovendry pulp weight

beasisg,

o
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The pot;a.sﬁium permanganate was apparently exhausted as

no purple color rlemi,q'ed. Therefore pulp was dumped in wash
box and washed With cold water, ~ - - -
‘The pulp was dark due to manganese dloxide on the fidvers,
g0 it was diluted to 3.0% consistency with cold water and
15 grams of sodium bigmlfite wag added in order ito dismolve
out the manganese dioxide,

Aftor this treatment the pulp was washed with cold water

in muslin wash box and treated the same as the pulp of ihe

caleiom hypochlorite treatment after 1t was dumped.

Chlorine Gas Followed by Sodium Eydpoxide

590 gfams of pulp was disintegrated in the .same manner as was
ealeium hypoch:lh‘i'o:" $te Yreatment,

This was then plagced in the pulp laboratory chlorinator and
h water to 2,214 consistenc.y. ¥he pulp was then chlorinated

Ty e - - e I T T T S R,

ed Time

es
Chlorine gas added at rate of 1,27 grams per minute; temper-
ature of stock 27% C,
Chlorine gas addition completed. 10,0 grams total_cf;zlorina
was added in the 7.88 mi‘nutea.
No res-idual ci;l‘orine -gaa lef% in stock so cvirculation wasg

atopped,
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After this chlorination, the pulp was not removed from the

ch‘l.orinator ‘but was given the follouing treatment with gsedium Imd.rozide:

Rlapsed Time

Minutes o
0 5.0 zrams godium hydroxide added tc;Astock in chlorinator,
circulatér running,

9  pEKE

14 5.0 grams sodium hydroxide edded, Pnip became darker

16 pE 10,2

by DE 9.9

7% pE 9.8, Temperature 26° 0, Dumped;pulp wes then washed

with vater at 30° €., dowatered, pressed, shredded, and

handled melp of calcium hypochlorite treatment.

(5) Sodiuvm Peroxide
500 grams (ovendry bagis) of the dry lap pulp was prepared in

.~. . .. . %the same manner as was pulp for calclum hypochlorite treatment and 1t vas
diluted to such an amount that the consistency would be 5.0% after additiOn

of a solution containing 5.0 grams of sodium peroxide.

Before the addition of the sodium teroxide, 0.05% magnesium
sulfate on pulja weizht basisg was added to the stock, During the reactlon, the
PH was controlled with 40° Baumd sodium silicate solution, Following is the
schedule! o a ' -

Rlapsed Time
Hinntes:

0 pH adjusted to 9.4 vith the sodm@n silicate after 0,25
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grams of magnesium sulfate was added, Temperature of

stock, 43° C. 5.0 grams or 1,04 of sodium peroxide

was then added to stock,
3 pH 1¢.2 N
60 pE 10,1. BResiduval sodium peroxide was 2,37 grams or
only 52,6% of sodium peroxide was cma@ad. The pulp
vwas dumped &t the 60 minute time,then it was handled in
the same waBy ;a the pulp of the caleium hypochlorite

treatment after it was dumped.

(6) Zing Bydrosulfite

500 grams (ovendry basis) of the dry lap pulp wae disinte-
grated and treated in the same ;‘ay:ﬁ‘ the pulp of the calcium hypochlorite
treatment, except that only enough water was added so that after additiom

of the sinc hydrosulfite scvlution, the consistency would be 4,0f.

Following is the schedulet

Elapsed Time
Minutes:
0 Pomperature 32° C., pH 6.8, 2,09 of zinc hydrosulfite

"added to stock (10 grams),
3 rE 6,0
- 30  pE 6,0. Dumped, washed with cold water, and handled

same ag pulp of calcium hypochlorite treatment,
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Permanganate numbers were run in duplicate on each of the six pulps

plus duplicate runs on the fag received' semichemical pulp, The results,

———— .- — .

incluvding liznin content, permanganate nnmber yield brightness. and other

‘date are given in Table I,

BEATER EVALUATIONS

Beater evaluations by Institute Method 403 were made uging‘Valley
beater Ho. 2 with a 5,500 gram bed plate load, Seven evaluations ware run,
one on each of the six chemlcally treated pulpslplus one on the untreated
pulp, Samplee for British ﬁandsheets were taken at thé 0, 5, 15, 30, and

50 minute interval,

The British handsheots werg*sested for basis weight (25 x 40—500),
caliper, apparernt density, bursting strength, tearing atrenéth and tensile
strength, ¥The results of these tests were plotted with apparent dansity
on the abscissa againat freeness, bursting strength, tearing strength, and

" temsile strength, From fheéefiloti,“éffghgth‘ébﬁpariabns at spparent
densities of 9.2 and 10.2 were made and these appear in Table I, (The

original rough plots are attached to the file copy of this report.)
DISCUSSION

Befering to Table I, it may be found that tke strength results and
freenesgses have been rated-usiﬁg the unbleached pulp as the baseline. The
poeitive sign indicates that the value is higher than baseline; & negative

elgn that it i1s lover. The numerals indicate the standing; 1 is a higher

rating than 2, whether the sizn bYe poeltive or negative,
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An examination of Table I shows that the calcium hypochlorite treat-
_ment_weakened the pulp in bursting stringth ard tansile strength to a
greater degree than eny of the olthar treatmenta. but it increased the

tearing strength 1 respecta‘ble amount

The reducing chemical, zinc hydrosulfite, gave the pulp the
greatest increase of any of the chemicals in both bureting strength and
tearing strength, At 9.2 apparent density, it rated second to sodium
peroxide in tensile strength although it was below the baseline,tensile
strength, At 10.2 apparent density, the hydrosulfite treated pulp was
not the grea.tet.:t nor wag it the least in tensile strength when compared

to the other flve treated pulps.

L
e

It appears that as :t‘a:f "a:s-é'trength charaeteristics are concerned,
the hypochlorite treatment as applied in this woark definitely was the

least encouraging while the zinc hydrosulfite treatment was the most

encouraging.

A further examination of Table I shows that the sodlum peroxide
treated pulp rates next below zinc hydrosulfite in strength development
or improvement, a.nd that there is not much cholce between the chlorine-

sodium h;&h'oxide combina.tion and sodlum chlorite,
CONCLUSIONS

Because no attempt was made to find the concentration of each of
the six chemicals whHeh would give the optimum In strength, it is not

strictly proper to rate results as vas done in this report, It is
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possible that a 2,09 sodium peroxide treatment would give pulp which,

upon evaluation, would zive paper of better strength characteristics than

" the 2,0% zinc hydrosulfite ‘treated ulp, or that 4.0% potessium perman-- -  —
genete would-zive better results than the 3,164 potassium permanganafe

vhick wae used.

It 13 quite definiie that calcium hypochlorite weakens neutral
sulfite semichemical pulp and that it should be ruled out as far ag this

particular work is concerned,

Aithough this work is purely academic, potassium permanganate should
probadbly be ruled out because of iis relatively high cost and because it
shoved no appreciable improvement in the pulp as shown by the beater

evaluation,

It 1s suggested that if further work be desired, the chemical
concentrations of sodium chlorite, chlorine-sodiim hydroxide, sodium
peroxide and zing hydrosulfite be found that impart optimum strength

to pulp and then the optimum strength of each be compared with one another,

Perhaps neutral sulfite semichemical is one of thé most difficult
pulpes to increase the strength by this method, Would semi-chemical kraft

be a better pulp to work on?

] From the results of this work it is definjte that the strength
of neutral sulfite semichemical pulp can be improved by bleaching agents.
¥e cannot sey that we delignify the surfaces of the fibers (see first
paragraph of this report),‘hut ve do apparently improve the nature of the
bonded areag,

EN/jh
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SURFACE BLEACEING OF SEMICEEMICAL PULPD . =
. Preliminary Investigation ™
- ) N Commercial Agpen Neutral Sulfite . . T
: Bipach Bleach Bleach Bleach Bleack Bleach
Unbleached 1 2 3 b 5 6
- Chemieal - 63(010)2 nacloz xmo,,_ cla and Eazoz ln8204
Chemical applied on ovendry -

- - - - - =~ . --pulp, weight basis, § - .. - . .. 40as . 4088 3,16 1,788 1.0 2.0
avail; avail, as avail, as 1)
chlorine chlorine IXWa0, chlorine, Hay0, Zn330,

- - . 1.7 as
cTT o RaOH - -
Peuperature, ¢ €. - a5 37 35 27.0 b3 32
‘ 27.0
Consistency, ovendry pulp - 3.0 3.0 3,0 2.21 5.0 koo
basis, 4 2,2
Reeidual chemical, $ - 0.0 9% 0.0 0.0 u.b -
Parmanganate number, ’
STy 60 cc.- basls b9,6 b2 48,2 43,9 w48 W7 k8,0
Lignin, § 12.3 12,6 12,8 14 130 12.3 12,7
) Yield, § - 95,2 94.6 93.8 97.1  93.0 97.6

‘ General Klectric

| brightms, ’ 35-1 37-5 36.3 3700 3005 3803 39-2

T ) Freenecss:

Apparent demsity, 9.2 705 785 765 760 730 715 755
Apparent deneity, 10,2 285 44 3% 320 375 hivg k2o
Rating (9.2) - +1 +2 +3 +5 +6 +i
Bating {10.2) - +1 +5 +5 + +1 +3
Burgting strength, pt./170 1b.,
- ipparent density, 9.2 §35 27 29 33 3 43 e
Apparent demsity, 10.2 Al 59 64 63 64 62 67
Rating (9.2) - -3 -2 -1 +3 +1 +2
- .o __ Bating (10,2} - ) -1 +2 +4 +2 +5 +1
Tear factor ]
Apparent density 9.2 L66 .80 .T? 0.75 0.77 0.77 0.84
Apperent density 10.2 W51 .58 .54 o7 0.55 0.62 0.67
Bating (9.2) - +2 +3 +5 +3 +2 +1
Rating {10.2) - +3 +5 -1 +4 +2 +1
Pensile strengih, 1b./in, /100 1b,
Apparent density, 9.2 37.5 26.5 30,0 3.0 4.5 9.0 36,7
Apperent density, 10,2 55.0 48,5 55.5 54,0 hg.0 51,0 50,5
Rating (9.2) - -5 -4 -3 -2 +1 -1
' Rating (;o.z) - =5 +1 -1 -4 -2 -3
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A BRIWF STUDY OF LIQUCR PE DURING NEUTRAL SULFITR PULPING

Daring the scademic progranm in pulping, the pH of the cooking liquor

of a neutral sulfite semichemical cock was measured periodically during the

entire cook, The results showed a widely varying pH., Aes this wvarying pH
conld be one of the causes of equipment corrosion currently troubling the !
industry, two cooks wers made in order to axpand on the student work, The |

present report covers the conditions and results of these coocks,

REW MATERIALS

Some seasoned, peeled poplar was chipped, screened, hand-sorted

and bagged according to Pulping Group Procedure 40, At the time the

' digester charges were mads, the molsture content of the wood was 21,0%

- - e —— =

and the digester charges weighed 4500 grame (airdry basis) or 3555 grams

{ovendry basis),

C.p. cthemicals wars used in making the cocking liquor,

~ EXPERIMENTAL PROCEDURE AND RESUL?S

Two cooks were made %y the neutral gulfite semichemigal process,
Cooking conditione ane shown in Table I and in Pigures 1 and 2, The chips

‘were charged to the digeeter in the stainless steel basket and at the end of

the cook they vere discarded, )
FORM 73 ‘ Q ' THE INSTITUTE OF PAPER CHEMISTRY



PABLE 1
e - PULP ING CONDIPIONS o
NSUTRAL SULFITR SEMICHEMICAL pm.pme OF POPLAR

Cook - 1

Digester sharge (airdry dasis), g. 4500
Digester charge (ovendry bdasis), g, 3555
¥ater ratio (initial, 0,D. baeis), ecc./g. 6.0
Sodium sulfite, ¥ ' 18,0
Sodium carbonate, ¥ 5.13

Cooking Schedulet

Maxizum temperaturs, °C, 170
Pime to @m. uin, 120
Time at maximum, nin, 3 75
Pine of relief {to O p.e,i.), min, " 15
B Total time (cover to dlow), ®in, -- —— - 210 --- - -

¢ Fo set schedule followed,

¢ Page 2*«
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In Cook 1, & typical time-temperature schedule was followed, and
~—— = === —-liquorsamples-vere withdravn at f1ve mifiate iHtervals thFoughout the ook,
| __ An initia) high liquor ratio was used_in order to.furnish all -the_sampl‘esm-m S
and still maintain sufficient liguor in' the digester for eatisfactory pulp-

ing,

Liquor samples {approximately 100 nml,/sample) wers withdrawn
throu$ a water-cooled condenser aand then further cooled to 35-140°C, The
PH of these samples was determined by using & Beckman-Glase Electrode-pH

netar,

Cook 2 was a duplicate of Cook 1 in all'except the tima-temeraturt')-
pf’essure schedule. . In this second goo}i.‘ no definite schedul.e wvag followed;
instead, large and rapid changee in t:ﬁlpa?‘ature and pressure v‘are effected
in order to d‘etemine their effect on liquor pH: As in the previous cookl,
liquer samples wem; ﬂt@n. cooled, and the pH determined, The cooked

___chipe were digcarded on completion of the test, The results of pH... . .. — - ...

determinationa are ligted in Table II and sre related to temperature and

pressurgin Figures 1 and 2,
’ DISCUSSION

) In following the liquor pR found in Cook 1, no great changes were
. ..found,.. There was a-drép- in pH as-the temperature and- pressure wers 1nci-easod.
The changes in pH became increasingly smaller after maximum temperature was

' reached, finally maintaining a fairly constent value,



~ LOOK HO, )
Sampling Tinme,
min,

5
10
15
20
25
30
35
ho
bs
50
S - ss
&0
65
70

"RESULTS OF PH DRTERMINATIONS

PH
10,50
10,30
10.00
9.95
9%.70

9.60

9.40
9.3
9.10
9,05
9.00
8.85

8.50 .

8.40

Sampling Timse,
min,

75

80

85

90

93

100
{3;t:_?“vhh
110 )
1s
120

- 12— -

130

135

140

#4818 11

P
8.20
7.90
765
7.55
7.50
7.30
7.30
7.20
7.05
6.95

680 -

6,75
6.70
6,64

T
g:sgectliiaéij
Report-8
March 15,71952" -

Sampling Time,
min, pH
14§ 6,62
150 6. 60
15% 6.60
160 .55
165 6.49
170 6.51
175 6.51
180 6.52
185 6. sk
190 6.51
--195- - --6,51
200 6.53
205 6.56
210 6.57

At . oy
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TABLE 11
- (continusd)

COOK §0, 2

Sempling Time, Sampling Time,
min. pH oia, . PE
| 2 9.93 75 6.40
10 9.33 . 80 6.24
15 8.20 85 6.i5
20 7.90 90 6.08
25 7.62 95 . 6,00
36 7.8 100 5.92
5 7.30 R SN ) ios 5.91
40 6.86 110 5.87
ks 6.70 115 5.88
L7 6,92 120 $.82
55 em T Tqas 7 s "

(] 6,42 130 5.85

- 65 6.42 135 5,88

70 . 6.37
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At the sta.'rt of Cook 2, and in ite early stages, large tomperature
increases in short poriods of time brought the pE down fairly rapidly. The
rate of pH drop seemed to level off somewhat when the temperature and press-

ure were held constant or decreased.

In comparing the results found in the two cooka 1t will bde noted
that the rapid rise in temperature early in Cook 2 lowered the average pH
for the entire cook, There are indications that the temperature and pressure
changes cause "breaks® in the pH curve in the later stages of the cock, but
PE changes are small and not ngceeurny caused by variations in the cooking
conditions. The "breaks® could p;‘ai‘i\bixlze error in pH measurement as the changes

are bayond the accuracy of the pH meter.

The pE change found in the academic work was not verified dy the
coolu describod in this report. The academic work was carried out in the
rotary digesters \d-mre— 'temparaturo control is very difi’icu.lt and this night
account for the differences found. EHowever, the temperature changes effected

in Cook 2 did not cause the pE variation found in the student work,

It ie unfortunate that pH determinations were necesearily made on
cooled liguor samples, The pH conditions existing within the digester at
relatively high tamperéturea and pressures are undoudtedly quit edifferent than
those found in the cooled liquor at atmospheric pressure. Contimmous pE
meagurement utilizing elsctrodes enclosed in the liquar circulating system

would be & superior method and the availability of this type of equipment shanld

be investigated,

RSH/Jn
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USE OF AMMONIA IN THE CHLORINATION STAGE OF
BLEACHING

In U. S. Patent 2,478,379 issued to Alfred M. Dodson,

-assigned to the Hercules Powder Company, it is claimed that the addition

of relatively small amounts of ammonia, ammonium salts, or amines to

the chlorination stage of bleaching reduces degradation of the celiulose.
It is said that a quantity of ammonia equal to about 6% or less of the
amount of chlorine used in the chlorination stage is adequate. It is the

purpose of this study to explore the effgctiveness of this treatment.

PROCEDURE

- - - A-sample-of unbleached kraft-southern-pine pulp was -selected - -. -
for this study. A three-stage chlorinaticn-caustic extraction-hypochlorite
sequence was used. Two identical bleaches were made, with the exception
that ammonia was used in the second bleach in the amount of 6% of the
chlorine applied in the chlorination stage. The conditions used in
both bleaches are summarized in Table I. In the case where ammonia was
added to the chlorination stage, this was added before the chlorine was -
applied. The pulp and the ammonia were mixed together for 10 minutes
before starting the addition of chlorine. In both instances, the

chlorine was added as chlorine gas. The cuprammonium viscosity of the

THE INSTITUTE OF PAPER CHEMISTRY



“twgffinal bleached puips, was determined using TAPPI Méthod T 206" m=hln T

T
original unbleached pulp, the two chlorinated and washed pulps, and the

-Beater-evaluations of -the unbleached pulps amnd. tle two. final bleached pulps . _ __ .

were also made using Institute Method 403, Handsheets were Prepared at

each beating interval and were tested for basis weight, apparent density,

burst, tear, and Schopper tensile.

The bleaching sequences used in this study were selected to give
a final brightness of approximately 80% G.E. . The brightness values
actually obtained are included in Table I with the bleaching conditions.

DISCUSSION OF RESULTS

The bleaching sequence in which ammonia was used in the
chlorination stage gave a pulp with a brightness about 4 points lower

than in the case where ammonia was not used in the chlorination stage.

— J P J— — e — e - e —
—_ B I S P [ et e e .

The sequence in which ammeonia was used gave a pulp with hlgher v:.scoe.a.ty,

both after chlorination and washing, also after the final hypochlorite

. treatment. It is quite possible, however, that the higher viscosity ties

in with the somewhat lower brightness obtained when the ammonia was used

in chlorination.

" The i:h’ysicai properties of the t:wo‘bleachEd ‘pulps are compared ~
at a common freeness level o=f 500-cc. Schopper-Riegler in Table III.
Table III shows that the pulp which was chlorinated in the presence of
ammonia had somewhat bettér burst, tear, and tensile properties than the

ﬁulp__which was chlorinated without 'émqnia. However, this may be in

—

T . . . oxe .
LU [
v
.- o !
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part due to the lower bnghtness 1n theﬁ_:g:_l‘p ic,_;_-egﬁtgqll_t_h_@%.__'%_ o
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These results indicate that the use of a.tmnor:\ia. in the chlorin-
ation stage in the amount of 6% of the chlorine applied has the follow-
ing effects in a 3-stage bleach of a kraft scﬁt.herﬂ pine pulp when all
other conditions are held constant: |

(1) Reduces brightness

(2) Increases pulp viscosity

(3) Increases burst, tear, and tensile-




TABLE I

BLEACHING CONDITICNS

Bleach- - - .-

CHLORTNATION

Charge (ovendry basis), g.
Temperature, °C.

Consistency, %

Chlorine, .i

Ammonia, $

Retention time of chlorine, min.
Resid. chlorine (basis of applied), %
Yield after lst stage, %
Cuprammonium viscosity, cp.

NaOH EXTRACTION ‘
Charge (ovendry basis), g.
Temperature, °C.
Consistency, %

NaOH, %

Time, min.

Tield after 2nd stage, %

HYPOCHLORITE

Charge (ovendry basis), g.
Chlorine, %

Consistency, %

 Temperature, °C.~ ~ ~ —
Time, min.

Initial pH

Final pH

Resid. chlorine (basis of app]_led),
G.E. brightness, %

Yield after hypochlorte, %
Cuprammonium viscosity, cp.
Cumulative yield, %

Brightness after Fade-Ometer exposure, %

1/2 hr.
1 hr.
2 hr.

131-1: Bleach without ammonia
2B1-2: Blaach with ammonia

1000
20
3.0
Lel

60
27.7
96.5

12.79

Bl-2-

1000
20
3.0
Lel

0.246
60"
26.54
98.0
15.10

965

10.0
105
60
98.2h

' ;»



B O

Pulp

Schopper-Riegler

freeness, cc. ot

5

15

30

50

Basis welight 0
(25%40-- 5
500), 1b. 15

; 30
50

Apparent density O
5

15

30

50

Bursting 0]
strength, 5
pt./100 1b. 15
- ... 30
50

Tear factor 0
5

15

30

50

Schopper tensile, 0O
1b./in. 5
15

- 30

50

1
Beating time, min.

Unbl.

880
875
840
670
305

L6.1
45.3
44.9
45.0
47.0

9.0
11.0
12,5
1.1
15.2

34
71
99
110
118

323
2.58

Bl-1X
(Dup.)

880
870
780
370

L7.1
L5ed

TABLE II

Av.

Bl-1

880
870
785
380
155

46.2
45.3
4342
blys

10.5
12.0
13.1
14.8

. - PHYSICAL- PROPERTIES - - - -

Bl-2

870
820
520
195

47.2
47.9
45.0
45.0
453

10.7
12.0
13.2
1.5
16.2

49
81

97

116

3.09
1.96
1.58

"1.31

0.88

13.3
19:6
24.7
28.4
31.2

Project "1102-3
Réport 9

Juge 2k, 1955
Page 6

’ Bl-2x ‘Av; T

(Dup.) B1-2

875 880

870 870
810 815
500 .510
200 200
L5.1 4642
bi.7 - 4b.3
45.0 L5.0
4h.9 45.0
45.7 45.5
10.0 10.4
11.8 11.9
13.2 13.2
14.0 14.2
16.3 16.2
42 L6
76 78
100 98
Suo . 12
113 114
3.02 3.06
2.06 2.01
1.62 1.60
1.27 1.29
0.94 9.91
10.6 .

12.0
18.5 19.0
2Ll 24,6
28.8. 28.6
27.6 29.4
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TABLE- III
PHYSICAL PROPERTIES COMPARED AT A FREENESS OF 300-cc.
SCHOPPER-RIEGLER
Rulp | Bl-1 Bl-2
Bursting strength, pt./100 1b. 106 12
Tear factor 1.17 1.28
Schopper tensile, 1b./in. 26.3 28.5
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STUDY OF THE EFFECT CT THS PRESENCE OF
FINES -IN UNBEATEN AND-BEATEN SULFITE PULP-

The interest in this phenomenon was engepdered by some tests
undertaken in behalf of Charmin Tissue Mills under Projeet 1911l. 1In this
work we wers présented with two pulps of different stresngth properties whose
only notable physieal difference &8s received was the greater amount of fines

in the stronger pulp. KHowever, whem these two pulps were clagsified and re~

combined ir fractions which agreed with those of the other pulp, an uny
explained result occurred (see memo Project 1911 PeckhamFiles March 14,
1956}, The weaker pulp, when enriched with fil'le‘t.! to the level found in the
stronger pulp, increased in bursting and tensile strengths, although not
to the level of the stronger pulp. The stronger pulp, when classified and

recomblined with a reduced quantity of fines to agree in composition with

the weakar pulp, was a great deal atronger than it had beon before the

reduction of fines,

In this work, & sample of the weaker ~pulp {(lef't over from Project
1911) was classified and each fraction was retained, including the "through
150-mesh" fraction. The classification results (a composite of 8 tests) agreed

fairly well with previous teste (see "I'able'.I).

. TABLE I
BAURR-MeNETT CLASSTFICATICN RESULTS
‘ Orizinal Test 1102—3 test
On l4—mesh, % 38,7 30.9
Through 14, on 28-mesh, % 25.6 .4
Through 28, on 48-mesh, ¢ 9.1 9:9

FORM 73 (continued) THE INSTITUTE OF PAPER CHEMISTRY
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Original Test 11023 Test
Through 48, on 100—mesh, % © 1047 © 0.1
Through 100 mesh, % 15.9 17.7

The fractions of pulp retained on the various sereens wers re—
combined so that a pulp was on hand which was identical with the pulp "as
received,? except %hat the fines were not present. Handsheets were made

from this pulp and tested in the usual manner. Strength properties of

handsheets (1204 in Table IT) were similar to those found on handshests

made from the pulp with the fines present, with the exception of tear, which

was higher.

A portion of pulp combined minus the Fires f;acpion was beaten
in the Jokro mill for 1 minute. Handsheets made from this pulp (120~B)
showed sizeable increases in bursting and tensile strenmgth. Some of the
beaten mulp of 120-8 was combined with the fines origzinally removed in a
ratio of ‘85-15-and -hanishecets were formed (120-BX).- -At -this level of _ . _
refining there vag 2 3light decrease in tearing strength when the fines

were returnsd to the pulp, but dbursting and tensile strengths were

essentielly unchanged.

Arother aliquot of the fines—free pulp was beaten for Z.5 minutes
in thg Jokro_millnand formed into hamishests without added fines (121-4i)
and with fines 1ipn 85-15 ratic {121-AX). The sheets of 121-A were high in
bgrsting and tensile strength and low in teafing gtrength. The addition
of fines in 121-4X rgduced all physiecal properties with especial smphaxis

on bursting strength.
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The same program was repeated with the fines—<ree pulp teaten for
- 5 minutes in the -Jokro-mill (121-B) and with fines_added. to. the bezten stock . . _ _ _
(122-A), The same adverse effect ufon beaten pulp etrength was evidenced with

the addition of fines z3 had heen previsusly experienced.

Phe results of these experiments supported the thesis (prorosed
in the previocusly citsd memorazandum) that presence of more fires in the
stronger pulp was indicative of a refining action which had taken place but
did not contribute to that stremgth. It is felt dy the writer that this
.technique of refining amd returning the fines to the beaten pulp is probably
no more effective in increasing strength properties than would be bsating the
"ag recelved® pulp to the same freenesg level, It may be, however, that there
would be more softness and water-absorbency in paper made as descrived in

these experiments.
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TABLE II

EFFECT OF THE FRESENCE (OF FINES IN UNMBFATEN AND BEATEN SULFITE PULP

+

Sample Roota. 120-A 1208 1208X 121-4 121-AX 1218° 1224
Canadian Stamiard ' : ) | :

freeness, oc. 710 o735 725 685 690 640 635 570
Fines, % | 15 " Nense -~ None 15  None 15  None 15
Mlling in Jokro mill, min. None Nome - 1 1 2.5 2.5 5 "5
Basis welght (25x40— ‘ .

500), 1b. ) 45,2 P 4S.1 5.8, W7 45,3 45.4  45.2  45.8

© Caliper, mld 3.7 3.7 3057 3k 33 33 31 3.3

Apparent densi{y 12.2 j 12.2 13.1 13.1 137 13.8 1.6 13.9
Bursting shrength, f

pt./100 1b, 43 45 55 b 71 63 85 76
Tear faotor 1.11 1.29 1.16 1.05  0.99 0.90  0.91 . 2.79
Tenaile strengih, 1b. /1in. 12,8 13,1 1614 15.7 19.5 18.9 A2 2.7

lTested on 3/13/56

Pl
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" INFLUENCE OF AGING ON THE BLEACHING CHARACTERISTICS OF A
CHLORINATED AND CAUSTIC EXTRACTED NORTHERN PINE
KRAFT PULP

Tt has previcusly been found that storage or aging of certain
chlorinated and caustic extracted pulps produced detrimental effects in
subsequent hypochlorite bleaching treatments (Thesls work by Dr. Jappe).
Specifically, these detrimental effects (excessive bleach demand, etc,)
were noﬁed with a semichemical pulp processing relatively high hemi-

¢ellulose and lignin contents,

The present work was undertaken to determine if similar detri-
mental effects, due to aging, were generally noted with other types of
pulp. In this work a northern pine kraft pulp was 1nvestigat;d and it
was found that aging the chlorinated and caustic extracted pulp did not
pfodude any detrimental Eléa&hiﬁg éffec%s iﬂ éubeeépéht ﬂ}ﬁ;chlorite )
bleaching operations, Thus, detrimental bleaching effects are not
neceasariiy incorporated when a caustic extracted pulp is allowed to
age (in the dark at #0°F,) prior to hypochlorite bleaching treatment
and the presence or absence of such effects is no doubt a function of
the nature and type of pulp processed, In view of this situation, it
was suggested éhat, wheﬁ necessary, pulps reqﬁire& invproject_wofk be
investigated to determine if an aging period would prove critical,

FORM 73 THE INSTITUTE OF PAPER CHEMISTRY
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If aging proved critical, work schedules or control bleaches should be

arranged and properly des-gned to compensate or eliminate these effects.
- - - — - Such approach to-the problemwould no doubt prove more beneficial-and-- -
worth while than_any further specific investigation concerning the

of facts of aging on randomly selected pulps.
RAN MATERIALS

The following raw materials were employed in the experimental

bléaéhing study:

1. An unbleached northern pine kraft pulp obtained in wet bag form
from the Thilmany mill, Permanganate number (25 ml, basis) =
17.8; pulp viscosity [Tappi HeihbmeZBO sm-50 (pipette)] = 24,7;

G, E. brightness = 25,5 points,

2, Liquified chlorine gas (cylinder) for chlorination of the pulp.

= e = e T - . — = e

3. A50g. /1 solution of C.P. sodium hydroxide for caustic extraction
of the ehlorinated pulp and for pH control during the calcium hypo-

chlorite bleaching processes,

k., A calcium hypochlorite bleach liquor prepared from high test hypo-

chlorite. Approximate available chlorine concentration = 33 g./1.

- P - S - S e 4 %=
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- -~ -Method of Attack™ "
A iobbigfaﬁ s;mple (évﬁﬁdry b;sis) of usﬁleached‘northegg pi;;
kraft pulp was ¢hlorinated and caustic extracted (see Tables I and II).
The resulting caustic extracted pulp was then aged @in the dark at 40°F.)
for various periods--0, 2, 4 and 10 days--and the effectsof aging were
&etermined by investigating the permanganate number, viscosity, and G, E.
brightness properties of the pulp (see Table III), In addition, a series
of caleium hypochlorite bleaches were perrorﬁed a} each aging period to

determine the effects of aging on the hypochlorite bleaching character-
istics of the pulp (see Table IV),

Calcium Hypochleorite Blegég;gg '

At each aging period, the caustic extracted pulp was subjected

to the following series of small scale calcium hypochlorite bleaches:

Available Chlorine Pulp
Applied With : Consistency
Hypochlorite pH Control Temperature, (Ovendry Retention
Bleach Black Liquor, % Point °C. ' - basis), & - Time
B 1.8 8.5 35 12 To exhaustion
c 1.4 8.5 35 12 1 hour
D 1. 8.5 . 35 12 To exhaustion
” in 1.0 8-5 - ' 35 12 - ) I hour
F 1,0 8.5 35 12 To exhaustion

In all of these bleaches, the follewing constant conditions were adhered

" to:




1.
2.
3.
-
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Pulp charge (ovendry basis) = 25 g,

Pulp consistency (ovendry pulp basis) = 128, = - = . ) o

Temperature = 35 °C.

pH control point = 8,5 (the pH of the bleach was controlled by

adding 0.2 ml. of a 50 g./l. sodium hydroxide solution whenever the

pH dropped to 8,5).

Washing and sampling procedure for bleached pulp,

a,

.

At the end of the required retention period, the bleach was diluted‘
to 4 liters with filtered tap water, stirred with a small Lightnin'
mixer, and dewatered on a Bﬂchngr funnel,

(a) above was repeated,

(a) above was repeated,

After the third dewatering step, 1/2 of the pad was removed and
allowed to air dry for a pulp viscosity determination., The remainder
of the pad was split into 2 portions and a G. E. brightness sheet

was formed from each portion., (G, E, brightness sheaets were formed

" by diluting the pulp with about 500 ml. of distilled water, stirring

with a malted milk mixer, and forming on a Bichner funnel.)

The G, E, brightness sheets were conditioned overnight at 50% R,H.
and 73°F, before brightness readings were obtained,

After the initial brightness of the sheets had been determined,
the fading characteristics of the pulp were investigated by fading
the sheets for one hour in an air circulating oven maintained at

los°cC,
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TABLE I

" CHLORINATION OF NORTHERN PINE KRAFT PULPS

Date chlorination was performed : .. 5=21-56.
Pulp charge (ovendry basis), 4. 1000
Pulp consistency (ovendry pulp basis) % 3.0
Tenmperature, °C, 19=-21
pH of pulp slurry before addition of chlorine 8.4
Chlorine applied (based on weight of ovendry pulp charge), % 7.0
Time required for the addition of chlorine gas, min, 16
pH of pulp slurry after addition of chlorine 1.75
Retention time after addition of chlorine, min, 60
pH of pulp slurry after retention period 1.7
Chlorine consumed during retention period (based on weight

of ovendry pulp), % 574

Following the retention period, the stock was dumped on a
ﬁuslin—covered wash box, thoroughly washed with filtered tap water, and

dewatered to a consistency of about 20%.

TABLE II

CAUSTIC EXTRACTION OF CHLORINATED NORTHERN PINE KRAFT PULP

- -~ R e g ‘. . — = — e - - - - - . Fppu——— -

5-21-56

Date caustic extraction was performed
Pulp charge (ovendry pulp basis), g. 1000 (assumed)
Pulp consistency_ (ovendry pulp basis), % 12
Sodiwa hydroxidel (based on weight of ovendry pulp),? 2
Temperature, °C, ' ' bo
Retention time, min. . 60
Pulp yield after chlorination and caustic extraction

treatments, % o bt
Pulp viscosity2 after the caustic extraction treatment, cp. 16,
G. E, brightness of the pulp after the caustic extraction

treatment, pt. ) 32.5

%The sodium hydroxide was applied as a 50 g./l. solution,
TAPPI Method T230 sm - 50 (pipette).
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Following the retention period, the stock was dumped on a
muslin-covered wash box, thoroughly washed with filtered tap water,
- -dewatered to a consistency of about 25%, placed-in a pliofilm.bag,
and stored in the dark at 40°F, until required for subsequent hypo-

chlorite bleaching experiments,

TABLE III

EFFECT OF AGING ON THE PROPERTIES OF A CHLORINATED AND
CAUSTIC EXTRACTED NORTHERN PINE KRAFT PULP

r

Aging Period, Permanganate Number of G. E. Brightness of Viscosityl of

days Aged Pulp (25-ml, basis) Aged Pulp, pt. Aged Pulp, cp.
0 b, 32,5 16,56
2 4,35 L 34,3 -
4 4,8 33.2 -

1o “b,15 34,5 16,25

32 4,6 - -

35 uug ‘ ' 3“'0 -

1

TAPPI Method T230 sm 50 (pipette).’

Note: The pulp was aged in the dark at 40°F, (pulp consistency = 26.5%).
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i . TABLE IV . ! ;
' ‘. i »
EFFECT OF AGING ON THE CALCIUM HYPOCHLORITE BLEACHING CHARACTERISTICS OF A CHLORINATED AND CAUSTIC EITRACTED NORTHERN PINE KRAFT FULP :
| | , _ o f
. ) ’ Bleached Pulp Properties '
Bleaching Conditions G. E.

. Aging Pertod Available | Available Sodlum Hydroxide Re- a, B. - Brightness of 2
L Date For Caustie Chlorine Applied Chlorine Consumed quired For pH Control Retention Brightness Bleached Pulp Viscosity of
L Bleach Was Extracted {Based on Ovendry {Based on Ovendry (Based on Ovendry Pulp Time, of Bleached After One Hour Blesahed
Bleach Performed Pulpl Days Pulp Charge,), § Pulp Charge), § Gharge), % min, Pulp, § Oven Fading, pt. Pulp, cp.
: | . \ .
A 5-21-56 o 1,80 1.29 0.12 60 7.9 68,3 .5 !
B 5-21-56 o 1.80 1.80 0.56 296 79.9 S70.2 9.58
c 5-21-56 o 1.40 1,22 0,12 60 7h.b S 2.00
© D 5-21-56 0 1.40 1,40 0.28 190 75.0 © 65,8 | 11,54,
- E 5-21-36 o 1,00 | - 0.08 éo . .6 1 60,2 | 13.52
r 5-21-56 0 1.00 .0 1,00 0,16 67 68.3 60.1 n.n
' |
A 5-23-56 2 1.80 1,30 0,12 0 ) T6h5 | 12.23 |
B 5-23-56 2 1.80 - 1.80 0,56 337 81,1 - ‘ 69.8 : 13-32 )
c 5-23-56 2 1.0 . 1.15 0.16 60 72,1 Iﬁ's ; 12.3

D §-23-56 2 10 - 1. 0,32 221 75.8 66,8 1 9Z .
E 5-23-54 2 1,00 0. 0.12 60 . 69,2 : 60.2 | 15.72 :
F 5-23-56 2 1.00 : 1.00 0,12 89 68.b . 59.8 i 15.5 '
¢ :
A -25-56 4 1.80 1.28 © 0.6 60 75.0 L65.2 11.68

B 2-22-26 b 1.80 | 1.80 0.56 330 80.1 - zg.s i 12'8°

. c 5=25-54 y 1.k 1,16 0.16 . 6o 72.9 f 66.; oo n.gg
o] 5-25-56 4 1,40 t 1.540 0.36 216 zsoi- ! 60.3 i 1“.164 :

E 5-25-56 4 1,00 0.97 0,16 &0 - P ' lso
F 5-25-56 4 .00 1.00 0.12 ™ .8 } . : . ,'
Lo 2 k.8 66,0 | nas

: 53156 » T e o160 3623 Foge i70.9 | 9.62

B Ik 1o ol R 0.12 o0 < ma 6.8 12,09
c -31-5 0 . I . . 3 ey e

D 5-31-56 10 1.40 | 140 0.32 195 ;76 . 1.

A1 . 0. 0.12 &0 s 67.4 1 59.2 ! .

E _ 5-31-56 10 i_gg 1_33 01z 7% 70.3 61.6 1408

5-31-56 10

Lrhe pulp was agsd in the dark st 40°F. (pulp conalstency = 26.5%). ; : |
APPT Method T230 sm 50 (pipette). : . :
' t
Congtant Bleaghing Conditjons:

_ Pulp ¢harge (ovendry pulp basis), g. = 25
Pulp consistency (ovendry pulp basis), % = 12
Temperature, °C. = 35
pH control point = 8.5

’ +
' . !
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RESULTS

The results of the experimental work have been summarized in

"Tables I through IV (sse preceding section of report) and in Figures 17~

through 5. A study of these results indicated the following:

4

1, Aging the chlorinated- and caustic-extracted pulp produced
no consistent or marked effect on the permanganate mumber, G, E, bright-

ness, or cuprieﬁhylenediamine viscosity properties of the pulp,

2. Aginé the chlorinated- and caustic-extracted pulp apparently
had little, if any, effect on the G. E, brightness characteristics of the
pulp'after hypochlorite bleaching treatment--i,e,, aging produced no con-
sistent or marked effect on tpexﬁﬁi;ﬂﬁfightneSSes obtained after hypo-

chlorite bleaching (Figure 1),

3. Aging the cﬁlorinated and extracted pulps apparently had
little, if any, effect on the oven fading characteristics of the pulp
after hypochlorite .bleaching treatments--i,e., aging produced no consistent
or marked affect on the oven faded brightnesses obtained after hypochlorite

bleaching (Figure 2).

4, Aging the chlorinated- and caustic-extracted pulp produced

no consistent effect on the viscosity characteristics of the pulp after

hypochlorite bleaching treatments. Actually, ﬂiﬁﬁéﬁiorité.bleached pulps
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-preparéd from chlorinated- and caustic-extracted pulps aged 0, 4 or 10

- ~days~exhibited "essentially similar pulp viscosity properties. However,

hypochlorite-bleached pulps prepared. from chlorinated- and caustic-extracted
pulp aged for 2 days apparently produced slightly higher pulp viscosity
properties, Further work should perhaps be done to determine if this
apparent increase in pulp viscosity was actually a real effect or if it

was merely due to some unrealized experimental variable, The fact that

the effect is not consistent with aging (i.e,, the hypochlorite bleached
pulp properties did not consistently increase or decrease as the aging

period for the caustic-extracted pulp was increased) would strongly indi-

" cate that some unrealized experimental variable might be involved (Figure

3. BN

b,
.

-,

5. .Aging the chlorinated- and caustic-extracted pulp produced
no consistent or marked effect on the rate of available chlorine consumption

during subsequent hypochlorite bleaching treatments (Figure 4).

- - - . P [ — - - PRI - -

6. Aging the chlorinated- and caustic-extracted pulp produced
no consistent or marked effect on the quantity of sodium hydroxide required

for pH control during subsequent hypochlorite tleaching treatments (Figure
5).
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CONCLUSIONS AND DISCUSSION

Actually the preceding'work wag much too limited to allow a

ever, that detrimental bleaching effects are not necessarily incorporated
when a caustic-extracted pulp is allowed to age (in the dark and at 40°F,)

prior to hypochlorite bleaching treatments.

Thus, in certain bleaching work undertaken at the Institute,
a work schedule involving brief periods of storage or aging for caustic-
extracted pulps would be satisfactory. A prime consideration, however,
would be the nature and type of pulp under investigation, It has been
indicated, for example, (thesis work E? Dr. Jappe) that the aging of
caustic-extracted pulp having high Hgﬁizsilulose and lignin contents
produced marked effects on subsequent hypochlorite bleaching treatments,
In view of these facts and the variety of pulps generally bleached at
the Institute, it would be most difficult to assign a general guide
which would indicate when an aging period for a caustic-extracted pulp
would be eritical. Additional work, similar to this study, could be
undertaken with a large variety of pulps to attempt to formulate such
guide; however, the work would necessarily be relatively extensive and
perhaps quite involved. As an alternate to such attack, the following
general considerations could perhaps be incorporated into all bleaching

studies undertaken at the Institute.
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1. There is a possibility that storage of caustic-extracted

-pulps would -influence~the results obtained in subsequént hypochlorite

bleaching treatments, Also, the influence of the aging period would per-.
haps be more marked for pulps having high hemicellulose and lignin

contents--i,e,, semichemical pulps,

2, Whenever feasible, hypochlorite bleaching treatments should

be conducted immediately after the caustic extraction stage.

3. If the design of bleaching experimeﬁts necessitates the
siorage of caustic-extracted pulp prior to hypochlorite treatments, a
brief investigation could be conducted to determine the effects of this

aging period on resulting hypoch}origsﬁbleaching characteristics.l (This

S
~—

should be done especially if the pulp has a relatively high hemicellulose
and lignin céntent.) Perhaps the fastest and simplest procedure for

conducting such investigation would be essentially as follows:

" a.” Perform 2 small-scale (25-g. each) hypochlorite bleaches on

the pulp immediately after the caustic extraction stage,

b, Use a éifferent level of available chlorine application for each
of the 2 bleaches and.employ a retention time of one hour. Otherwise
follaw the bleaching, washing, sampling, and testing techniques described
in the experimental section. of this report (see constant conditions,

page 3).
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¢, Repeat (a) and (b) above after the caustic-extracted pulp

f e e et e m o e e

has been stored and aged.

- e m e e = m e b hm e A & m—— mm b - = s o e e e b =

d, If storage of the caustic extracted pulp proved critical, a
different work schedule should be arranged or the bleaching program
should be designed to compensate the effects of aging--i.e,, a number

of control Bleaches might be conducted throughout the work for comparison

purposes,

Actually the above experimental design could be fairly flexible,
depending upon the nature of the particular bleaching project and the

information desired,

-
.

' .:"‘x -1“".,
It would appear that investigations based on the above considerations

and conducted on pulps actually used in project work would prove more bene-
ficial and worth while than a further spécific investigation of the effects

of aging on randomly selected pulps.

mhv/mab
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EFFECT F TEMPERATURE O SCHOPFER-RIZGLER FREENESS

INTRODUCTI O

The freeness test 1s quite insensitive to changes in fider
character in the early stages of beating. For example, bursting and tensile
strengths may easily triple or guadruple in value during the first ten
minutes of beating, while the frecness shows as little as 10 or 15 cc.
difference between the two samules. OCn the other hand, vhen beatinz has
progressed to the intermediate stage, several hundred cc. change in freeness
value may correspond to only a few voints difference in sheet properties.
Since 1t is known that reduction of temperature devresses the fiuldity of
8 pulp-water suspension, it was thought that perhaps smmll changes in
drainage characteristics could he detected at low water temperature which
would not be recoznizable at the ususl level of 20°C. While investigating
this point, handsheeis were made at the various beating intervals -so that -

some correlation between freeness and vulp properties could be made.
EXPZRIMIITAL

The YNo. 3 one and one-half pound valley beater was used in this
work. The desizn of the experiment wes to accuwmlate sufficient pulp for
the tests by the expedient of making two consecutive ‘beater runs on
bleached Weyerhaeuser sulfite pulp and combine the avuropriate interval
semples. TIrom each composite sam~le sufficlent pulp was removed to make

duplicate freeness tests at three levels of water temperature. The remainder

THE INSTITUTE OF PAPER CHEMISTRY
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of the pulp was used for handsheet preparation., The Schopper-Riegler

2~gram freeness test was used and handsheets were made and tested according

——— e e e m mm e e e i b — — = — =

e m e i e e e e e A e m e o e T T i ————

to Instistute methods 403 and 411, The data involved &re shown in Table I.

[, - — - e e m e el e e e e - e e i e iy e e

DISSUSSI0N OF RISULTS

[, ——— e em e o= - -

Measurement of freeness at femperature levels in the range of
6°0; did incresse the latitude of freeness meaéﬁred in the first 20 minutes
of beating by 75%, but the majority of the variation was found in the last
10 minutes of that time. Measurements at higher temperature levels were,

ar evpected, nesrer the readinegs taken a2t 209.

While the basis for un&qrtaking thics work was the theory that.
i

freeness readings tslren 2t very low temmeratures might show greater variation

than would be predicted by anmplication of the temperature correctisn chart,
this did rnot prove to be the case. Table II shows that corrections mzde in
the usual menner would have brought the messurements. m=de a% low t emperatures

into gobd agreement with the values obtsined zt 20°%,

CONCLUSIONS

Heasurinz Schopper~Piegler freeness at termeratures zs low as
6°C. 4id not mexe the ‘test sufficieatly more sensitive in the hisgh freeness
range to Jjustify the use of this device.

jrp/ms
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TARLE 1

- - D am - —

e e A e = - RS - - ———— e s e e n mm eew e mes - - o A e

PUYSICAL PROPURMIES OF WEVEREAEUSER BLEASHED SULPYITE

P Temperature, °C, 6-9 12 - 1k 17 - 18
Schopper-Riegler freensss, cc. ol 870-880 875875 880-230
5 .. .B70-870._._.._865875_ .._875-370
10 855-855 865-865 B&0-B70
. 20 815-819 825-8730 835-84¢
o i . 15 . 690-590 715-710 720-720
T T T TeTTmt T oTmTTmroTes TUTTOLBpMG0TTTT 51o-M9S T T T510-520°
.. - é5. 285-285 315-220 3U0-350
Basle welsht, (25 x 40/500), 1b. O, 51.8 |
. 5 49.9
10 50.9
20 48.1
35 bh.?
50 k7.5
65 ke, 7
Zaliper, mils ‘ o 5.2
T, 5 4.5
> v . 10 L .3
- "20 3.8
= 35 3.2
50 3.2
65 3.0 -
Apparent densiiy -0 10.0
5 10.9
16 11.8
20 12.7
35 14,0
) : : . 50 14.8
- ) 65 15.6
Jursting strength, pt./100 1b. 0 g
5 20
. . i 10 34
20 81
2 87
50 101
- e - T T T et L e S o R e
Tear factor x 0 1.25
5 2.02
10 2.20
20 1.75
35 1.01
50 0.8%
65 0.79
Tensile strength, 1b./in. 0 b1
5 8.0
N ' 1o 11.7
20 17.2
a5 22.8
C e e e e e e e e e e e . BQ - = 27,0~ - -
T ' é5 28.4

lBeating time win.

. . February 20, 1957

19 - 20

380-380
_870-880 _
860-870
8L0-840
715-730

T TTsbo-s50 0 -

360-350



Interval,

- Min.~

10
20
35
50
65

TAPLE II

3CHOFPER~RIEGLER FREZNE3SES

Reading at Zeading at Corrected Reading - at
' '20°C. TTTT TR0, 7 Zeading "~ 13°C, 7T
at
- 5°C.
880 375 850 875
875 870 885 870
865 855 872 865
840 810 820 - 825
720 630 720 710
545 470 530 500
360 285 325 320

T 77 T Beading’

Project ¥o. 1102-3
February 20, 1957
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Corrected

at
13°C.

880
830
875
835
725
530
350
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STUDY OF THE EFFECTS PRODUCED BY DRYING AN
UNBLEACHED KRAFT PULP PRIOR TO A SINGLE-STAGE HYPOCHLORITE
BLEACHING TREATMENT

A ;.)rief series of experimental investigations were conducted
to determine the effects of air drying and oven drying on the bleach-
ing characteristics of a lraft pulp, On the basis of this relatively
limited exploratory work, it would appear that drying the kraft pulp
prior to bleaching produced no adverse effects on the bleaching
characteristics of the stock--i.e., the GE brightness, oven fade
stabllity, bleaching time, and chemical defnand characteristies actually
tended to show improvement., Drying, however, adversely affect.éd the .
bursting and tensile strength properties of the pulp both before and

after bleaching,

- T o " " RAW MATERIALS
The materials employed in this exploratory study consisted of:
(1) A Banadian Jackpine kraft pulp {Thilmany). Ovendry

content = 41%; permanganate number (25-ml, basis) = 14,8; G.E., brightness =
26.7%.
(2) Caleium hypochlorite bleach liquor prepared from granular
high-test hypochlorite (approximate available chlorine content = 35 g./1.).
(3) Solution of C.P. sodium hydroxide for pﬁ control {concen-

tration = 50 g,/1.).

FORM 7-3 THE INSTITUTE OF PAPER CHEMISTRY
2500-7.54



LAl

).‘\;A - _.ZTEK:‘KW:,Q;: . P N ko st R
4 & WY NEY Y o e
3 L b

--at 4O°F, until it was required for the bleaching studies.

Project 1102-3
Report 13

g - : : Page 2

The pulp, obtained in a wet lap form, was fluffed in the

laboratory pulp breaker, placed in pliofilm bags, and stored in the dark

Subsequent

_.evaluation of this stock in the 1,5-1b, Valley beater indicated the

strength characteristics presented in Tahle I,

EXPERIMENTAL ATTACK
(See Appendix for Detailed Experimental Procedu;es)

A series of five small-scale calecium hypochlorite bleaches,

employing 0, 3, 5, 7, and 9% available chlorine, were cénducted on a

_ sample of the undried (59% moisture) Thilmany kraft pulp, & sample of

air dried (6% moisture) kraft pulp, and a sample of
oven-dried (10 hr. at 105°C., 2% moisture) Thilmany kraft pulp,
The bleaching characteristics of the various unbleached
pulps were subsequently evaluated by determining the G.E, brightness
levels attained at various available chlorine consumptions, the

quantity of sodium hydroxide required for pH control during the

fﬁe;cﬂing"tfeéfméﬁté,.the‘tiﬁe feanirea-for theubieagﬁing tfeai—

ments, and the yileld and oven fade characteristics of the bleached
pulps. In additjon, the strength characteristics of the various
bleached ard unbleached stocks were evaluated by determining the

Schopper-Riegler freeness and handsheet shrinkage properties of

-the pulps and the basis weight, caliper, apparent density, bursting

strength, tearing strength, tensile strength, and zero~span tensile

strength properties of handsheets prepared from the pulps,

. g!‘)
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RESULTS

The results of the investigations concerning the drying of
a kraft pulp ﬁrior to a hypocﬁiorite bleaching treatmen£ ha&e beeﬁ _
summarized in Table IT and Figures 1 and 2., A study of these results
indicates that: | .

(1) Drying, particularly oven drying, increased the G.E.
brightness of the unbleached pulp, It should be noted, however,
that the pulp was dried in crumb form and thuas, the observed
increase in brightness may have been a combined effect of drying and
subsequent washing during the formation of brightness sheets,

(2) Drying the pulp did not adversely affect the G.E, bright-
ness levels attainable with a givenqéonsumption of available chlorine
and the dried pulps actually appeared to respond slightly better to
hypochlorite bleaching than the undried pulp (see Figure 1).

(3) Air drying the unbleached pulp prior to bleaching
produc;d essentlally no effsct on the oven fading characteristics
of the bleached pulps. Oven drying the pulp prior to bleaching, how-
ever, produced bleached pulps which had improved stability to oven fading
(see Figure 2), '

(4) Drying--partieularly oven drying--decreased the bleaching
time required to bleach the pulp to a given brightness level, Also, the ]

predrying operations tended to slightly reduce the quantity of caustic

required during the bleaching treatment,
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Figure 1

Effect of Drying on the Bleaching Properties of the Pulp

80
o1 rd
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w
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& O Uridried pulp sample
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Figure 2

Effect of Predrying Unbleached Pulp
On the G.E. Brightness Stability after Bleaching

© Undried pulp sample
X Adr-dried pulp sample
@® Oven-dried pulp sample
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(5) The drying operations did not greatly affect the freeness
properties of the unbleached and hleached pulps. The alr-drying pre=-
treatment, however, tended to slightly reduce the zero-Sﬁan tensile
strength of the pulps ard the oven drying pretreatment apparently
improved the zero-span tensile strength properties of the pulps.

(6) In general, the drying operations produced unbleached

ard bleached pulps possessing higher tearing strength characteristics

" and lower handsheet shrinkage, apparént defisity, tefisile sirength, and - = °

bursting strength properties,

CONCLUSIONS AND DISCUSSION

The over-all effect of drying a pulp prior to bleaching was
detrimental because it lowered the tensile and bursting strength of both
the unbleached and the bleached pulps. Apparently, however, the drying

operations produced no adverse effects on the bleaching characteristies

of the stock--i,e,, the G.E. brightness, oven fade stability, bleaching time,

and chemical demand characteristics actually tended to show improvement

as a result of drylng.

In view of this situation, an investigation of the causes for the

improved bleaching characteristics of an oven-dried pulp might prove

profitable, Conceivably these improved characteristics.(higher G.E.. ... .

brightness, better oven fade stability, and shorter bleaching periods)
may be the result of the surface migration of certain pulp constitvents

during the drying opération. If this in fact were the case, it may be

possible to produce the same effect by means other than drying, and thus

bt~

-~
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simultanecusly improve the bleaching characteristics and preserve the

strength properties of the stock,

EARRERIRARERE

DETATLED EXPE%?;ENTAL PROCEDURES
I, EXPERTMENTAL PROCEDURE FOR CONDUCTING SMALI.SCALE BLEACHES
(1) Constant conditions.
(a) Pulp charge (ovendry basis) e #5 g; - .
(b) Pulp consistency (ovendry pulp basis) = 12%
(¢) Temperature = 35°C,
(d) pH control point = 8,5
(e) NaOH addition (50 g./1.) prior to start of bleach = 1,0 ml,
(2) Bleaching procedure (use double plastic bags for pulp containers)
(a) During the course of the tleach, allow the pH to drop to
8.5 and then add 1,0 ml, of 50 g,/1, NaOH. Repeat as necessary,
(b) Allow bleach to proceed to exhaustion or a maximum of 4 hr,
{(¢) Record bleaching time, NaOE addition required, and
residual avallable chlorine,
(3) Washing and sampling procedure at end of bleach,
7 (a) At the end of the bleaching treatment, dilute the charge to
about 14,5 liters with filtered tap water. -
(b) Determine the weight of the slurry, the consistency of the
slurry, and calculate the yield of tﬁe bleached pulp,
(¢) Dewater the slurry on a filter paper, dilute the dewatered

pulp to about 14 liters with filtered tap water, and determine consistency of

the stock,
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(d) Remove two 2-gram (ovendry basis) samples and perform
. duplicate Schopper-Riegler freeness determinations,

(e) Remove a 5.gram (ovendry basis) sample and dewater on a filter
paper, Split the dewatered stock into two equal port;ons. dilute each to
about 500-ml, with distilled water and from 2 G.E, brightness sheets.

(£) Remove a l5-gram (ovendry basis) sample, dilute to about
10 liters and form 5 TAPPI standard handsheets for strength testing and

- - =-----3 handsheets for -handsheet shrinkage measurements, _ ; - . . ) -

(g) Perform the shrinkage tests according to Institute Method

406, but press the sheets between blotters for 5 minutes at 50 p.s.i.

before measuring the oven-dried shrinkage perimeter,

(h) Test the 5 standard TAPPI hardsheets for basis weight (25x40-= -

. 500), caliper, apparemnt density, bursting strength, tearing strength, tensile .

strength, ard zero-span tensile strength,

mhv /3h




