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SURVEY OF LITERATURE

dntroduction

3ince the development of cold sode pulping in the early 1950%s,
the search for suitable bleaching methods has been of primary
concern. Cold soda pulp is dark brown in color and reaists the
bleaching action of most chemicals. Marton (1) suggests that thie
brown discoloration of hardwcod cold soda pulp is due to a material
in the cells of the wood, primarily in the heartwood. These sub-
stances, which have not been identified, are not the same as lignin
but probably develop in z similsr manner,

The chemicals most often used in bleaching hardwood cold asoda
pulps have been peroxides, hyvochlorites, hydrosulfites, and most
recently borohydrides. 4 satlsfactory bleaching procedure should
meet the following objectivea:

le Development of high brightness

2. Retention of the initial high yield

3. low cost.

In order to achisve these objectives Glerts (2) states that
the pwlping process should be performed in such 2 manner that
colored lignina do not form and that the bleaching agent shouwld
destroy only the coloring materisl and not reset with the lignin,
These roquirements would eliminate all chlorine compounds which

form colored lignin complexes as bleaching agents.
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According to Heirhert (3), peroxide bleasching is the result
of the dissociation of the peroxide moleculee
oy, o=> it + my
The HO, ion is considered to be the active bleaching agemt. Little
more is known as to what tekes plase betwaeen this ion and the wood
pulpe. Some researchers belleve that the percxdde selectively
oxddiges the coloring matter because the lignin and eellulose under-

g0 no significant chango.

There are primarily three varishles in peroxide bisaching ——
vime, temperature, and the quenbtity of chemicale used, Foderare
ebe ale (4) report thet use of a high temperature, which also indicates

a low reaction time, is justifiable,

Mefwen (5) obtained a brightness of 70% G.B. by applying
2.0% hydrogen peroxide to an aspen cold sods pulp (original bright~
ness of 50% G.B.) in a high density stoep bleach prooess.

Foderaro et. al. (4) obtained a maximua brightness of 66.9% G.E.
by blesching aspen cold sods pulp (original brightness of 48.8% G.E.)

according to the following conditiongt

it

13%
165° ¥

Gongistency

i

Temperature
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Percent Hydrogen Peroxide = 0,96%
Percent Sodium Hydroxide = 0.81%

By lowering the temperature to 131° F and increasing the percemt
sodiws hydroxide to 1l.16%, they achieved a brightness of 65.5% G.I.

In a report by Coe and Crosby (6) which intrastigétw the effeets
of various bleachinp sgents upon a blaek bireh high yield pulp which
was similar to cold goda, & brightness gain of 17 G.E. points was
obtained by using 2% hydrogen peroxide, 0.05% epson salta, 5.0%
sodium silicate, and 1.3% sodiun hydroxide st 85° C for 1.75 hourss

Departing from the convantional blesching methods, Jahne and
Price (7) propose that the eold soda hardwood chips be bleached as
they enfer the primary deuble-disk refiner, A brightness of 0% GeE.
was obtuined from an criginal brightness of 42% by adding 2.5%
hydrogen peroxide, 5.0% sodium silicate, and 0.47% sodium hydroxide
and retaining the chips for & maxbmm time of 4 hours in the secondary
refiner. Using the same chemicals under ordinary conditlons a
birightness of 58% G.E. was produced,

J0ld soda pulp nede from weooch, bireh, and maple is being bleached
from 45 to 80% G.BE. brightness at Gould Paper Co., Lyons Falls,
New York according to Fennell, Suedherg, and Stalter (8). A two
stage peroxide = hydrosuliite process is uséed. The wmbleached pulp
is subjected to a preacidification step using sulfuric acid to reach
a pi of 2,5. The hydrogen tower bleaching is carried out at 12%
conoimtency for 2 hours at 170° P, After washing, dilution, amd
neutralization, sodiuwm hydorsulfite ig mlxed in and allowed to react
at 140° F for 1 hour.



In addition Fenuell et. al. (8) report simllar bleaching
exporinents by the DuPont Laboratories. Using a 1.2% hydrogen
peroxide stoge followed by a 1% sodium lydrosulfite stage, a bright-
noss of 77.1% G.5. was obtainad with beech, birch, and maple ccld
soda (original brightness of 46%), 71.2% for a 50-50 nixture of
scuthern red oak and mixed hardwoods { original brightness of 43%),

and 70.5 for aspen (original brightness of 47%).

Jullander and Brine (9) state that borohydrides are sirong
reducing agents which will reduce water te hydvogen,

NeBH, + 2H,0 ge====> a0, + 4R,

Varsheney and Limer (1C) presant the foilowing decomposition
roaction for borchydride In an acid mediums
BE, + H0" + 20 = 4B + B(0H);

In 0,1 # sodiws hydsc:ide only 5% decomposition ocsurs in 48 hours,

According to Luner (11), carbonyl groups have been shown to
be Involved in a mmbar of bleaching reactions. Zince sodium
borohydride selectively reduces carboayl groups, this reection may
be related to brightness. In a later report Luner and co-worker
Sucka (12} indicated that the polysaccharides contain carbonyl
groupe which are formad during alksline degradation and that these
congunie sodium borchydiide during bleaching. In Lumer's work with

Versheney (10) the following equation is given for the stoichiometyy
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of the reaction:
4 RC=0 + B, + 2H,0 T==2 J RGHOH + BO,

Although the reduction of earbonyl groups and brightness may
be related, Luner and Supka (12) state that it is the reduction of
lignin and extractives which resuwlts in an inerease in brighiness.

Thwe presence of some heavy salt ions may influence the effects
of sodium borohydride bleaching., Jullander and Brune (9) rsport
thot gelts of lithium, caleium, barium, and magnesiumm increase its
efficiency, while zinc, cadmium, and aluminum salbs have a negative
effect, Varsheney and Lumer (10) confirmed the hindering- effect
of foreigk ions on borohydride when they found ithat bleaching with
sodium borohydride produced a gray pulp unless the pulp was pre=
washed with hydrochloric aeide It was thought that the hydrochloric
acid removed meballic ions which formed insoluble borides on

reduction,

Using 2% sodiun borohydride st 35° C, 5% pulp consistency end
a pH of 94, Mayer and Denofrio (13) obtained a 10.4 GeE. brightness
increment on & mechanicel pulp. The same effeets could be ashieved
with sodiuwr peromide but the sodium borolgdride pulp possessed
distinet advantages in reflectance in the 300 to 425 mal range.

Luner (11) found that the most effective conditions for
bleaching cold soda pulp with sodium borohydride are a2 high consist~
ency between 1C and 20%, relatively high temperatures between 50 and

75° G, and the use of suspensions which contein 0.4% sodiwa hydroxide.

-5 w



Under these conditions he bleached a white bireh celd seda pulp with
an initial Hmnter brightness of45% to 74% using a large excess of
sodium borohydride., luner also found that the brightness increases
rapidly foliowsd by ¢ slower inerease in brighitness,

In a later repert by Luner and Supka (12) s white bireh cold
sods pulp was bleached with sodium borohydride., 4 maxinum bright-
ness increment of 23,0 points was acliieved by applylng two stages
of sodiun boroldride to pidp &t 15% comsivtency for 3.75 hours
and 2.0 houre, respectively, at 75° G, 'The second stage was responw
cible for 6.7 points increase in brightnees. The final Futer
brightness of the pulp wes 67.6. By lowsring the consigteney of
the pulp te 10%, allewing the first stage to proceed for 6.0 hours,
and sllowing the second stoge to proceed for 7.0 hours, a total
increzse of 21.2 peints was reached,

Luger (11) also proposed to =dd godium borohydride to the wood
chipe during the pulping reaction., This proposal wes based on the
fact thet sodium borohydride ie steble under alkaline conditions
and that the dark zolor of cold soda pulp resulis fé?h alkaline
treatuent, When white blreh chips were soaked for 10 minutes in
a range ol sodium hydroxide and sodiwm borohydride concentrations
and then refined, it was found thet a masdmws Munter brightnesas of

6249 wes produced frow a pulp of 42,8 initial brightness.

Brown snd Monsson {14) incrensed the brightness of a cold soda

pulp nade by & hydrostatic pregsure treatment of 1 hour from 49.3

% § =



to 73.9% G.B. brightness. 11% chlorine was applied as caleium
hypochlorite in a one stege bleach. 3% eodium hydroxide and 4%
sodiun silicate were added for pH controls The yileld based on the
unbleached pulp was 70.7%. & study of the physical properties of
the bleached pulp showed that the strength was not changed by
bleaching, -

Coe and Orosby {(6) also achioved a good bwigitness gain wibth
hypoehlordte. For & black birch high yield pulp a brighiness gain
of 30 G«Be pcints was obteined by agpiying 10% sodiunm hypoehlorite
erd 1,3% sodiun hydroxide for 1.25 hours at 327 C,

In their study of various blesching agents Coe aud Crosby (6)
gtate that a briglhiness geln of 7 Gedy points may be acbisved by
reacting 1% sodium hydrosulfite, 0.5% suwlfur dioxide, and a trace
of sodium triw=polyphosphate with an unbleached black bireh high

vield pulp for 0,75 hours at 66° C,

Coe and Uroaby (6) obtained & Ladightness gain of 13 G.B. peints
on a black birch pulp by rescting 10% chlorine dioxlde for 4 howrs

at 62° ¢,

In a weséut report Marpillero (15) indlcetos that a cold sods

pulp con be blesched to 85% GoR. Lrightnesss Trentment of & cold
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soda pulp with activated chlorate gave a 708 overall yield of
semiblenched, semichewical pulp., This brightness was then increased
to 708 by a hypochlorite treatment, RPurther treatment with activated
ehlorate raicod the bholghtness to 85%.

Rapgon (16), during an analysis of Marpillerc's work,: found
by =peotroscopic anelysis thet activeded chiorste contained 0.18%
vanadimn and 0,168 molybdenum., 4 synthetic mixture of purc eedium
chlerate and vanadlm pentoxide gave simllar results to thoae ogﬁ&w
by Marpiilero, ZRapson belleves that betbor bleaching may be obfained
I uaing chlorine dioxide beeauge lese chenicel la used and the

resgtion time is bhorter,



A SUMMARY OF THE PROCEDURES USED FOR BLEACHING COLD SODA PULP

Process Other #Consist.| Temperature|Reaction [ Yield| Wood | Initial| Final Bright. Reported
% Cher ¥ ioht. richt. In
1 0.96% 1,0, | 0.81% NaOH 13 165° F - - |aspen| L8.8 66.9 18.1 Foderaro, et. al.
2% Hy0, - - - - = aspen | 70 50 20 McEwen
28 Hy0, |0.05% MgS - 185°F [ 1.75 hrd - [black | - - 17 Coe and Crosby
5 % Nasi { birch
1.3 £ NaOH
1. Acidify with Hys0) to pH 2.5 beech Fennell, Smedberg,
2. Hg - 12 170° F 2 hr, = |bireh | b5 80 35 and Stalter
3.NayS,0), |pH 6.0 L Wo°F |1 nhr, maple
2% NaBH) pH 10 5 35°cC - - - - - 10.L Mayer and Donofrio
2% NaBH)  [0.l% NaOH 20 75° ¢ - - |white | 45 74 29 Luner
birch | Hunter Brightnesses
NaBHh - 15 75° C 3.75 hr. - white Hunter Brightnesses
birch - 62.9 16.3 Luner and Supka
1% N 0.5% S0p
“2%2% Na3PQ), - 66°C  |0.75 hr, - |Black - - 7 Coe and Crosby
- — - birch
10% NaCl0 |[1.3% NWaOH - 32°C .25 hr, - |black - - 30 Coe and Crosby
birch
11% Ca(C10), 3% NaOH - = - 95.7 - Lh9.3 173.9 2L4.6 Brown and Monsson
| L% NaSiQ
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Two Stage Peroxide - Borohydride Bleaching of Cold Soda Pulp

EXPERIMENTAL WORK

Objective

The objective of this research project was to investigate the
effects of a two stage peroxide-borohydride blenching procedure on
aspen cold soda pulp and to study the relationships between pulping

reaction time and bleaching.

In order to lnvestigate the values of a two stage peroxide-
borohydride bleaching procedure it was first necessary to determine
what could be achieved with a single stage. Thus, it was decided
to use single stage hydrogen peroixide and sodium hyveochlorite
stages as initial reactions. The effect: of preacidification before
the peroxide stage was also investigated. The variables concemmed
with these experiments may ke seen in Table 1l

The bulk of the bleaching experiments were two stage peroxide~
borohydride. In these experiments the quantity of peroxide and
the time of the peroxide stage were varied for each "cook®™, The

variables for these experiments may be seen in Table III.



Experimental Variables

IABLE 11

for Single Stage Bleaching Procedures

Identification| Time of Pretreatment | Percent Reaction
"Cook" with Acid Chemical | Time (lire)
1=l 1.0 - 5% Hy0o 3
52 0.5 - 10% NaClO | 2
1-2 1.0 - 10% NeClO| 2
2=2 2.0 - 10% NaClO| 2
5=1/, 0e5 yes 5% 1,0, 3
1-1/ 1.0 yos 5% HoOo 3
2-14 2.0 yes 5% Bgo0s 3
5=15 G5 - 5% 1,0, 2
1-15 1.0 - 5% B0, 2
2-15 2.0 - 5% 05 2
Notos

“Cook" refors to pulping reaction time in hours.




IABLE 111

Experimental Varisbles
for Two Stage Peroxide-Borohydride Bleaching Procedures

Identification Time of Percent Reaction
"Cook™ Hy0y Time (Hr.)
P—
5=/, 045 l 1
14 1.0 1 1
24, 2.0 1l 1
55 0.5 3 1
1“‘5 1 .0 3 1
2=5 R0 3 1
5-6 0.5 5 1
1-6 1,0 5 1
2=6 2.0 5 1
5=7 045 1 2
1-7 1.0 1 2
2=7 2.0 1 2
5-8 0.5 3 2
1-8 1.0 3 2
28 2.0 3 2
59 De5 5 2
1-9 1.0 5 2
2=9 2.0 5 2
510 0.5 1 3
1-10 J.0 1 3
2=10 2.0 1 3
5=11 045 3 3
1-11 1.0 3 3
2=11 2.0 3 3
5=12 0.5 5 3
1-12 1.0 5 3
2«12 2.0 5 3

Note * "Cook" refers to pulping reaction time in hours,
#  All steges were followed by a borohydride stage in which
2% sodium borohydride was applied for 2 hours.

- 3



The pulp used in this project was prepared froam quaking aspen
chips which had been prepared in a comercial chipper in the following
nanner, Gallon jars were filled with a lmown weight of chipe and
then covered with a 4.98% by welght solution of sodiwm hydroxides
The jars were then rotated at room teuperature and atmogpheric prog-

gure for periods of C.5, 1.0, and 2,0 houra,

The treated chilps were passed through the breaker plates of
a Baver leaboratory rcfiner twices Then the fine plates were inserted
and the distance between the platas was adjusted so that the motor
required thres mmpeores with a normal amount of water running through
the refiner. The pulp was passed through the fine plates 5 times.

Alter refining, the pulp was passed through a Valley Flalt bed
screen equipped with a 10 cut slotted screen and then through a
50 mesh wire tub mereen. The pulp collecting on the 50 mesh screen
waes baken as the acceptse. The dewatered pulp wes kept under

refrigeration until used.

All peroxide blesaching procedures were carried out in poly=
ethylene bags containing 10 g of 9.D. unbleached pulp at 15%

-~ L4 ®



congiglency. The cheizicals used were added according to the
following schedule based onthe O.D. woight of Pulps

1. distilled water to 15% consistency

2. 0.05% nagnesiwe sulfate

3. 5% godium silicate

be 1e3% scdimm hydroxide

5« 1, 3, or 5% kydrogen peroxides
Chemticals and pwlp were mixed by intermittent lmeading. The terp-
erature during bleaching was maintained at £5° C by immersing the
bags in a thermostatically contrelled water bath. Bleaching times

ranged from 1 to 3 hours,

All borohydride bleaching proceduvres were carried out in poly-
ethylene bags containing 10 g of 0., unbleached pulp at 153 con-
psiotency. The chanicals were added according o the following
schedule based on the O.D. waight of pulp:

l. distilled water to 15% conaistency

2¢ 045% sodiim Lydroxide

3s 2.0% godium borohydride

The temperature was neintained at 75° @ during the 2 hour bleaching
pariCﬂo

Bleaching ith sodium hypochlorite was also carried out in

polyethylene bags contsining 10g of O.D. unblesched pulp. Chemicalas

- 15 -



were added according to the following schedule based on the 0.D.
weizght of pulp:

1, distilled water to 15% consistency

2¢ L% sodiwn gilicate

3¢ 3% sodium hydroxide

Le 10% aveilable chlorine eg sodium hypoeilorite

The tempsraturc was maintained at 35° € for 2 hours.

Tea grams of C.D. unbleached pulp were dilated to 200 wl in
a glass beaker., Sulfuric acid (1M) was then added wntil a pH of
25 was obtaineds The pulp was allowed to stand for 15 ninutes and
wap then washed on a Bueckner funnel,.

Maghing of Pulp

The pulp wes washed aftter cach bleaching stage with distilled
water on a Buechner fumel. Approximately 1 liter of woler wus
rinsed tloough in each of 3 successive washings, (total wash water =

3 liters)

Aftoer washing, the bleached pulp samples were diluted to 2 liters
vith digtilled weter, From this, 2 brightness shests were formed
on a Buschner funnel, pressed, -md dried according to Tappi Standard
T 218 w48,

- 16 =



Frightness values were determined according to Tappi Standard
T 217 n=df, The IPC Lrightness tester was used.

‘E‘:!:Es . »3-

The conditioned brightness pads backed with standard Wattman
Noe 2 filter paper: were weighed on an analytical balance. Welght
determinations were also made on filter paper and the @ifference
was taken as the A.D. weiglt of the pulp., 4 moisture determinatien
wae run on the seraps of pulp and filter paper in oxder to ascertain
the O.x;). velzht end the percent yield,

Zero Spen tensile stremgth was determined according to Tappi
Standsrd T 231 en-59 uging the Schopper tensile tester and attachment,
The zero aspun factor was caleulated by di#iding the average tedat
velue by the total sheet welght of the bleached pulp in grans.

u-l?n



The data obtalned for brightuness, yleld, and mero span factor
for pulps bleached in a single stage are given in Tsble IV. Figure
1 graphically represents the difference in brightness cbtained by
uging difierent bleaching procedures. |

3ingle stage peroxide bleaohing of cold soda pulp produces &
pulp with good brightuess characteristics. The maximm G.E., brighte
ness obtained in this nanner was 76.0. Brightness getns for a 3 howr
bleaching perdiod ero 3146 points inoresse for the 0,5 hour pulp,
30,7 for the 1.0 bour, and 29,8 for the 2,0 hour. These large
incroases acceunt {or most of the brightening achieved with the pulp
in later steges. Bven though the imaresse in brightness is large,
the pulp still possessed a yellowish cast. Pulp which wvas pretreated
with sulfuric acid to a pH of 2,5 was no brighter, than macidified
bleached pulp.

The yiclds obtained for bleaching sequences 1 and 14 are much
Jower than would be expecited. It is thought that an experimental
error ws nade, and thus, these ylelds were disregarded., It is
aspumed that sequences 1 and 14 are similar to sequenco 15 and thus,
it may be sald that a good yleld is obteinable with e single stage
peroxide bleaching,

Slnee the yields were dieregarded, the actual zero spen tests
were compared rather than the zero spen factor., This compardgon
shows that sirength is relatively upmaffected by bleaching except in

- 18



Eperinental Resulis
of Single Stage Bleaching Progedures

Idemti~ Brightness Percent Jerc Span Zero Span

fication (G.B.) Yield (1bs.) Factor
50 4544, 9.1 481 485
1-0 L7 98¢5 4761 478
2=0 .7 96.7 523 5.43
5"1 76.0 81.1 4608 5.7§
l"’l 73119 7’?-5 4\3‘5 5.61
2wl 715 8.0 32.5 4.0
5‘*15 7407 9309 1&701 4.99
1-15 73.1 YA btre3 4e55
2-15 711 9544 38.1 4.00
5=14, The© 80.2 &b 5.91
l"“M 7302 78.2- l'y!o-ol’a’ 5066
2=1/ 75.0 8043 38.8 478
52 89,6 98,7, 56.0 5.67
1-2 572 9848 572 5,80
P 5847 89,7 849 5445

#notes The firgt nuwiber represents the time of "cook", the second,
the bleaciing #oquence (see Table II}, Thus, 5-0 indicates
a 0.5 hour pulp which has not been bleached.
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the caze of the 2.C heur pulp where a sharp decrease in strength is

noted.

Blsaehing with alkaline hypochlorite gave bLrightnese gains of
14e2, 2445, and 17.0 for the 0.6, 1.0, and 2.0 hour pulps, respectivelys
These gains do not compare with those achieved by a peroxide treate
ment, The ylelds and the strength obtained with hyvochlorite,

however; are higher,

The dava obtained for brightness, yield, and zero span factor
for pulps bleachod with 2 gstages (peroxide-borohydride) are given
in Teble V. The addition of a sodium borohydride stage after the
peroxide treatment provides approximately 5 to 6 points increase in
brightness. Altheugh yellowness was not determined, peroxide bleached
pulp tresated with godium borohydride does not appear as yellow as
that treated with e hydroswlfite. Dospite the fact that sodium
borobydride is oxpensive and did not vrovide a large incresse in
wrightness, it is thought thet afier more research its use s a
blesching agent may be very beneficisl. Accompanying the increase
in brightness caused by e borohydride trestmente is a significant

decresse in yield and an increase in strength.

The effects of peroxide bleaching time in a 2 stage peroxidee
borohydride bleaching treatment on brighitness are represented in

-210.
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Bperimental Results

&

LE V

of Two Stage Peroxide-Borolyydride Blenching Proecedures

Identi- Brightness Percent Zero Span Brightmss Zero Span
fication (G.2, ) Yield  Factor D fferentdal®
5'-42,* 66. 5 93. 5 4.37 21 'Y 1 e w
l""li- 6508 9500 5085 2301 1.07
=4 59.8 96.4 5.82 18,1 041
i5=5 76.0 92,6 6405 30.6 L.20
1-5 Teaks 954 5473 31.7 Ce95
2=5 66,9 91.0 6e65 25.2 1.24
56 Tl 4 9443 6.83 32,0 1.98
1=6 Te5 9.1 6.87 36.8 2.09
2~6 74T 92,1 6.06 33.0 0.65
5=7 €4 93.8 6.23 2.0 1,38
2."‘7 6601 95.6 5q12 2\3.4 0032;,
2"‘7 6204— 9509 4.82 20-7 “"059
5-8 7549 96 5.81 30.5 0.96
1-8 T3¢5 95.2 5.60 30.8 0.9
2"‘8 6608 93.0 5.71 25;1 .%
5-9 .9 9.36 6/29 34.5 Lol4
l""{.‘) 7’?05 9.30 60&’.0 34.3 1062
2"9 7400 9302 4.98 3203 "‘04‘3
5-10 €3.2 Qo6 0.48 16,8 1.63
1~190 2.0 9342 6405 19,2 .27
2"10 69 ol 9400 4096 2704- ""045
5-11 7640 91.1 7.05 30.6 2.20
1-11 7345 91.7 5420 30.8 0.42
2"11 63.1 9542 1'098 23-010 "'043
5-12 79.0 92.6 4498 3346 0,13
1-12 Ml 96.3 6415 3hed 137
2-12 T6.0 95.7 5.72 3443 0.31
*notesl This represents the dlfference between the bleached and the

i

wbleached pulps.
The first muwber represents the time of "eocok",
the bleaching sequence (see Table 1II).

the second,




Pgures 2, 3, and 4. Drightnossihereases repidly during the initial
period of blesching, reaching a masdmum between 1 and 2 howrs,.
Alter this there is ganerally a Qecrease in brightness. The max-
i brightness obbtained waes 7 9.5 by applying 5% peroxide te the
0.5 hour puls for 2 howrs followed by a horolydride stoge. I ig
aht that perbaps a higher valns could be obtained after 1 hour
of bleacking under theve condiflons becauge this peint in Figure 6
gecns low when compared with the others. Thic inddeates that a

brightness above 80 could be cokbaineds

Strength inerenses sharpily and them deorsases with inereaslag
bleaching tine, This is especially noticeble when 2 higher conw
centration of perciide is useds Pulp which waz treated with 5%
peroxide for 1 hour has the greatest strength, reaeching a maximum
factor of €.87. The fact that strength increases and thea decreases
again with incrsesing bleaching time would indicate thal two bleaching
reagetions ere involved, In the first the pulp ls purified and in

the second, the sirength glving fibers, themselves, are attackede

s of Pey

The effects of peroxide bleaching time in a 2 aslage peroxide-
borohydride treatment on yleld are also represented in Figures
2y, 3, and L. The yicld exhibits o dowmward trend as blesching time
incresses. In all cases, the yleld subsiantially deereases after

1 hour of peroxido treatment. In those pulps where the puwlp has

- 23w
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YIELD AND BRIGHINESS VS,.. PEROXIDE BLEACHING TIME

1,

5% HoQo = 2% NaBH, for 2 hours)
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bean subjected to more extrame conditions (3% I,0,, 2.0 hour pulp,
5% HpOn, 1.0 hour and 2,0 howr pulp) both in pulping and in
bleaching, the yielu tonds to increase after the initial decreasee
This final increase in yield may be the result of the formation

of insoluble vecroxdide residues,

raction

The effects of pulping reaction time on brightness are shown
granhiically in Figure 5, Figure 6 shows the effects of pulping
reaction time on the brightness inerement.,

Genereliy, higher brightnesses may be chtained from those pulps
which were not subjooted to an extensive pulping reaction. This
is tmue of both bleached and unbleached pulps. This phenomena
results from tle formation of dark coloring materisls by caustle
soda and wocd, The amount of coloring material formmed increnses
with reaction tire,

Although brightness decrezses with length of cock, the ease
of bleaching is affected very liftle after mecderate pulping reactions.
A slight increese in the brightmess inerement is noted between the
0e5 howr and the 1.0 hour pulps, Thig is followed by a sharp decrease
after 2,0 hours of pulping. This indicateé that not only does the
pulp becone darker, but also harder to bleach after long pulping
periods, This faet indicates that perhaps bleaching during the
pulping reaction is a good idea. If the coloring materials are

bleasched as they form, perhaps higher brightnesses could be obtained.
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Effectg of Pul.ing Reaction Time on Strength

The IefOcts of pulping reaction time on strength are represented
graphically in Figure 7, on the strength increment in Figure 8,

The zoro span factor of the unbleached pulp decreases with
increasing cooling time and then increases more charply. A maw=
imm brightness of 79.9 was attalned ﬁth the 1.0 hour pulp to which
5% peroxide and then borohydride wae applied. This sulp aleo pos-
sessed one of the highest strengths.

It is interesting to note that the difference in strength falls
off in much the same menner as the differecnce in brightness, especially .
whan 5% peroxide is used. The similarity of these curvee indicates
that those pulps which are bleached to a higher brightneas are also
purified to a greater extent and that brightness and strongbh are
related. However, all attamts to raph brighiness versus strength
resulted in a chaotic confusion of points,

If the strength is increaseod by bleaching, then it is very
probable that these methods of bleaching may be considored as &
continuance of the cocking cycle in that the gamma and beta celluloses
are ranoved. This would also mean that the coloring material nay be
sonchow connected with the celluloge, It would be interesting to
analyze these blouched pulps te determine what is happening to the
gtructuro of the pulp chemicallye.

loting those similaritios botween strength and brightness, it
nay ve concluded thet Lleaching afiects the 0.5 hour pulp moderately
both with an increase of strength and of brightnesgs. Elsaching

affects the 1.0 hour pulp most and has litile effect upon the 2.0

=30 -
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hour pulp. This indicates a maximum cooking time of 1,0 hour If

the optimun brightness and strength are to be obtained,

The yialds obtained using a two stage peroxide~borbhydride
bleaching procedure ranged between 91 and 96.5% based on the C.D.
immbleached pulp., The data for yleld versus length of cook is
plotted in Figure 9. HNo conclusicns can be drawn as to the relationw

ship between pulping roaction time and yield.

Effects of Percent Peroxide on Brightness

The highest brishtness increment 1s eghleved by uaing 5% peroxide
in the first stage. VYerhaps higher brightresses may be obtained
1f an even grester percentage were used, bubt the cosis of this
method would have to be investigated before the comrercial value of

such strong bleaching would be considered.

Use of 5% neroxide for & 1 hour period produces the maximum
strenzth pulp. o conclusion can be reached concermning the variance
in_ strength and the use of 3 or 1% peroxide, These resultc may be
obscured by the addition uf the second stage of borohydride,

No conclusions can Le drawm concerning the effect of the percent
peroxide on yielde This relationship may also be obacured by the
gsecond stafe borohydride treatnmemt.,

w3 -



YIELD VS,. LENGTH OF COOK Fig. 9l
B e A i e R e R

g
B
T
.
o

D HOUT [t foe g | \ ssss sausmasan: B I e e

I
Sl I2ERERSTaNRRR] SRR RRES)

S e il 1N R T R NI TR s sl R o i
st Hii: IenthhpfFook(Floujfi)J i e

-3 -




1.

2.

3.

o
5
6.

CONCLUSIONS

Aspen cold soda pulp can be bleached to a brightness of 76,0
using a single stage hydrogen peroxide treatment,

A mazdmm brightness of 79.9 was ackieved by applying 5% lydrogen
peroxide for 2 hours at 85° C and then 2% sodiuwa borohydride
for 2 hours at 75° C %o a 0.5 hour palpe

The optimum length of time for peroxide bleaching is between

1l and 2 howrs.

The optimum length of pulping is between 045 and 1 hour,

The optinum quantity of pero:xide to use is 5 percent.

At present it is difficult to recommend sodiuwm borohydride os
an effective commercial bleaching agent due to its high cost,
Iiowever, it is thought that as it is a relatively now chamical,
ite cost will decrease. Excellent begimnings have pointed to
its potantial as an effoctive bleachlng agent, but ek nore
research remains to be done concerning its use., Nevertheless,
it is thought that sodium boroiydride will find a place as an

exeollent bleaching agent.
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