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Previous project reports were summarized in FProgress Report
One., This report will cover wvarious prehydrolysis experiments which were
underway at the time the progress report was written and some which were

concelved after issuance of theé report.

EXPERIMENTAL

The equipment and techniques used in the following work have

heen described in previous raports.

Cook 40 was made 83 a result of a memorandum from L, V. Forman

to J. B, Peckham under date of April 2, 19#9 The cdoking conditions are
shown in Table I, The basis for the procedure used was an observation

that the odor attendant to the kraft pulplng of a series of water extracted
southern hardwoods was not particularly objectionable, Therefore, it was
proposed that a %raft cook be made on southern pine chips which had been |

-

subjected to a hot water extraction,

A digester charge of chips was placed in & stainless steel
eylinder having & perforated cone bottom, This container was suspended
over & tank of hot water maintained at & temperature of about 390° C. by

an {mmersed lead steam coll. Water was pumped in the top of the container
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of chips and drained out the bottom, Thie opsration was allowed to

progress dver & week end, Howvever, sometime during this period the

steam coll broke and the temperaturs of the water returned to about
20° C, These ‘loached chips were cooked by a typleal kraft schedule,

The oder of kraft was epparent., A permanganate number determination

was made Wt the pulp was not eaved,

ook 51 was made in NHo, 3 iron digester to obtain a sample
of black liquer typical of & kraft operation, The dlack liguor was
used in the chemjical evaluation of odor described on pages 20 to 2h

in Progrese Report One, The pulp was discarded.

Cook 53 embodied & 60-mimte préhydrolyais period et 110 p.s.i.

stear pressure, The cook was brought to maximum %emperature in 20 min-

utes after addition of the chemical., The result was a pulp of low yield

and hlgh screeninge content. The ocdor was reminisesat of durnt suger

but therd vas little-or-no-mercaptan odor,

Cooke 55 thrungy 59 were made with a view to producing a
prehydrolyzed kraft pulp having yleld and screening eontent similar to
those of a normal kraft cook, without regard to the permanganste number
range. Cook 55 utiligzed a prehydrolysis period of 15 minutes &t 120 p.s.4.
Stean pressure, and & period of 75 minutes to reach mexismm temperature

after addition of the liquor. ¥The kraft odor was negligidle, The per-

manganate number was 23.8, the unscreened yield was 38,8, and the

screeninge vere 5.38%,
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Cook 56 wss made under conditions very similar to those used
in Cook 55, EHowever, the sctive alkali was reduced from 22,5% to 21%

in an effort te incresse the yleld and permenganate number, These con-
ditions resulted in & pulp with considerable material which failed to
pase a 0,010-in. cut screen plate. The rejects were quite soft however,
and abont 80$ of the material was accepted by the sereen after it had
been stirred in the British disintegrater for 25,000 stirrer revolutions,
The two necepted fractions were not comblned but they were doth included
in the screened yleld determinatien, On this basis, the unscreened yield
vas 39,2% and the screenings 1.2%. The permanganate number was 30,4,
Phe pulp.which was beater evaluated and on which the permanganate number

test wap performed did not include the disintegrated and screened rejects.

Cook 57 was made in the same manner as Cooks 55 and 56, but

vith active alkall further cut to 18.0%. The resultant pulp had the

-appearance. of being quite raw, dut. the blow gases were considered to be

free of kraft smell. Before screening the dlown stock was put through

the Bauer pulper at 0,005 inch clearsnce, feed rate 7, at & consistency

of about 6%, which produced & load of 350 amp;. The Bauer was fitted

with B957 plates, The pulp was washed, screened, and yield was determined,
On an unscreened basis, the yleld was 45.8% and the screenings were 1.6%.
A permanganate number test, which ws run using a 60-cc. basis, indicated

a figure of 54.5, The pulp was bester ewalnated.

Cook 58 was made under conditions whieh duplicated most of those

used in meking Cook 57. The main difference lay in the fact that the

prehydrolysis step embodied a 25 minute steaming wherein the pressure was

T A R S S i T L T T SR e e —




Project, >
Merch 3, 1950
Page b

brought to 120 p.s.i. 1o a straight line rise, The active alkall

used wes 19%, The blow gases from this cook were considered to be

quite free of kraft amell, The chips were poorly pulped and were passed

through the Bauer pulper ondeat g% consistency, .008" clearsnce between

B357 plates, feed rate 7, and load of 180 amps. The pulp was then

washed, scroened, and the yleld was determined, The unsereened yleld

wvas 42 4% and the screenings were 0.6%,

Cook 59 was 8lso made using many of the conditions of Cook 57.
Pha differences were (1) prehydrolyels, which in this case wss done in
steps as f&llowa: 5 miautes from zero pressure to 80 p.s.1., 5 zinutes
8t 80 p,s.t., and % mimutes from 80 p.s,.i, to 110 p.s.1,, and (2) active
alkall which wee inereased to 22.0%, The odor was typical of prehydrolysis
kraft cooks, The permanganste number waps determined to be 22.3 end the

unscreened yleld 39.0%, 1.6% sereenings were retained on ,010" cut screen.

—

—

e ___Cook 60 entailed the use of emmonia gas as an alkali present

.

during the prebydrolys_ts- ﬁihﬁ}"‘the*theonﬁ_@e}ng that the ammonia would

the hydrolysis reaction alksline, Zhe introduction of the ammonia was

sccorplished by £11ling the cone of the digester with 28% smmonium

hydroxide sclution up to the level of the pulp plug., The chips which

were gouthem pine from another project, vere charged to the digester and

o "r--'\r..__
gt paa i

the cover was bolted im plece. 4 wacuum :line: was: &ktached to the %op

relief valve and the alr was evacunated, allowing ammonia fumes to rise

up into the chipa, VWhen the vacuus was released, the relief line was

{ nentrallze the orgenic acide 88 fast as they wvere formed and thae Xeep-. . _
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inserted in the top of a partially filled ammonia Bottle to increase

the fumes present in the digester. The digester atood all night without
further attention., Prehydrolysie conditione were 100 p.s.i. steam for

15 minutes. Because of the possibility of preesure due to the ammonia
gas, the prehydrolystis was controlled by maintalning the temperature

at 170° ¢, Relfef was constant from both top and bottom of the digester,
The condensate was divided into the following =zamples for testing pur-
poses: (1) Top rellef--time %o avtain pressure and the first 5 ﬁinntes
of relief, (2) Second 5 minutes of top relief, {3) Third S-mnute
period of top reltef, {4} Bottom rellef--time to attain pressure and
firet 5 minutes at pressure, (5) Second five minutes of bottom relief,
and {6) Third 5 minutes of bottom relief. The pH values of the different
samples were (1) 8.8, (2) 6.9, (3) 5.85, (4) 9.9, (5) 9.8, and (6) 9.5,

the latter three being tested with a blue point electrode,

The cooking conditions used dnplicated those employed on another

portion of “these.chips_in werk dona on another project. 25.25% active

alkali as EaOH, with a sulfidity of zo$ was appllad afterthe steaming

by indecting it into the cireulating line, The water ratio, disregarding
the moisture pickup during hydrolysis, was 3.5 to 1, Maximum temperature
of 172° ¢. wae attained in 60 minutes and held for 68 minutes, The blew
gases from this cook were particularly obnoxions, being a comhintfion of
anmonia aad mercapian, Tests made on s black liguor samples tsken just
prior to dlowing indicated that 1 gram of EH} per liter of the liquor

was present, The pulp wes vashed and screened and the yleld was determined,
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DISCUSSION OF RESULTS

The basic idea behind Cook 4O wae not explored sufficiently
well in this single effort to justify any conclusions, It was not
felt that any appreclable diminution of odor was perceptible as a
result of the pretreatment used in this cook., However, betfer control

of the pretreatment conditions might have given different results.

Cook 51 was not tested in any manner except that & portion
was screened and a permangenate number determination was made. A

semple of the black liquor was used in work on odor analysis.

Cock K3 embodied & long prehydrolysis and was mede o0 in-
vestigate the effect of such a treatment on peretretion of the cooking
liguor. The digester was drought to maximum temperature 20 minutes
afier injection of coockirg licuor was complefed. Thies cook can perhaps

best be compared with Cook 28, which differed from Cook 53 orly in

that the maximum steaming pressure vas 120 p.s.i. and it was held at
this pressure for 15 minutes, Some improvement in screening rejects
wvas noted, 8.3% agalnst 1@.75. The permanganate pumber was somevhat
lower than that of Cook 28, 22.1 for Cook 53 and 24.k for Cook 28.

This womld indicate the probability thet the wood charge after the
60-minute stoaming was less than remained after 20 minutes steaming,
with the result that although the same amounts of ‘Alkali were used,

the alkall to vood ratio wes higher for Cook 53 than for Cook 28,

The chemdcal analysis of the two pulps are compared below,
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. Alpha
E¥nOy Unscreered Sereeninge Cellulose Lignin FPentosans
Prehydrolysiz  Fo. Yield, ¥ % % g
¢ 28 120/15 2h. k4 y1,2 18.68 87.6 k.5 3.3
53 110/60 22.1 35.8 g.21 89.0 3.9 2.k

Some of the differences noted could provably be partly ex-
plained by the difference in permanganate pumber, However, the greatly
reduced pentosans of Cook 53 are probebly ceaused directly by the

difference in steaning technioues.

Cookas 55 and 59 represent an effort to evolve & prehydrolysis
schedule of sufficient drasticity to produce the desired improvement in
odor, combined with cooking conditions that will produce a pulp having
“;?Ei 8 yield comparable to that of 8 mon-prehydrolyeie cook, Ideally, such

a set of conditicns womld also produce & pulp of lov screenings content,
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'~'~« Va vas nsed in Cooks 55 to 58;-and e 60-minute rise in Cook 53. The con-

“‘l Y .
}

ditions and product variables of Cook 29 are conslidered hafeiI;;'}or’
non~prehydrolysis pulp for this mseries of experiments, Cook 28 was the

typies)l prehydrolysis experiment which wes chosen as the point from

2 "
Popt Lt me o awl AP T,
s A PR L TN R LI,

vhich this iaveetigation proceeded,

Y. ' T? Cooka 55 through 57 investigated a decreese in cooking chemical
as a means of increesing the yield of prehydrolysis kraf¢ pulp to a point

vhere it would be comparadle to that of Cook 29.

The yleld data are as followe:
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Gook 28 29 55 56 51
Acu:: ;}.gg}i% 22.5 23.0 22,5 21.0 18,0
Permanganeste Number 244 2k, 2 23.8 30.% 54,5 .
Unseroened yleld, % 4.2 46.7 38,8 39.2 k5.8
Sereesnings, % 18.68 3.2 5.34 1.25 1,60°

Theee dats would tend to fndicate thet within the range of
normal sooking conditions, the yleld of pulp is controlled primarily by
drasticity of the prehydrolysis atep. The sirdlarity in prehydrolysis

and verietion in cooking conditions are reflected in the analytical

data shown below,

Cook 28 29 - 55 56 57
Permangenste Humber  2h.b 24,2 23.8 30.4 54,5
Alpha cellulose, % 87.6 80.2 86.9 85.6 76.2
__Menin, % 4.5 5.0 5.0 6.7 17.1
Pentc;;;;,_g T Ry 78— k2 ka 3.6.

- —
————— e

The degree of pentosan removel eppears to be quite similar in
the prehydrolysis cooks, while the lignin content increased with in~
creasing permanganate numder. The pulp of Cook 56, with a permanganate

puxber of 30.4, had a higher alphs cellulose content than that .of Cook

29 with a permanganate number of 24,2,

The strength charscteristics of the sbove mentioned five pulps
are compared in Figures 8 through 10, these data beling tsken from graphe

made on the individual pulps.

* This pulp wes Bauer~refined before screening,
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Figure 8 indicates that the very raw prehydrolysis experi-
ment, Cook 57, was next to the regular kraft cook (Cook 29) in ease
.f}lgl of beating, with the other prehydrolysis kraft pulps showing similarity

in their resietance to refining,

R A eomparison of tearing strength of the several pulps 1s

made in Pigure 9. These data show that the regular kraft pulp reaches
maximum bursting strength late in the beating eyele, while the pre-
hydrolysis pulps pses through a meximum &t about 600 cc. S. B, freeness,
At 700 cec. 5. R, freeness the bursting strength of Cook 55 1s similar
to that of thg regular kraft pulp, but it then declines whereasz that

of Cook 29 increases in the lower freeness levels, The bursting

strangth values of Cooke 28 and 56 are quite similar,

The tearing strength advantage generally exhibited by pre~
Plgure 10, The strength values for Cooks 55, 56, and 57 are all
appreciably lower than those determined for Coek 29, Cook 57 has

the lowest tear in this series,

The prehydrolysis conditions used in Cook H8 were thought
to have some merit in that the chips would not be at an elevated

temperature for & long period of time, The yleld was not satisfactory,

even though the pulp wae too raw to Bcreen without & preliminary de-

fivering atep,

Phe prehydrolyeis step used in Cook 53 apparently weas not

instrumental in bringing the yield of pulp to & desirable level. Al-

though the physicel characteristics of the pulp were somewhat superior

hydrolysis pulpe over regular kraft pulps-is not-demonstrated.inm_. _ _ __
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to those of Cooks 57 and 58, they were not outstanding,

Coolt 60 investigated the effect of an alkaline prehydrolysis
whereain the pH of the reaction was maintained in a range above 7.0 by
the presence of armonia gas in the chips. The cook was made on a
sample of chips which had previously been pulped in connection with
apother project. The yield and strength date for comparison with
fook 60 were thus available. Although the digester was relieved
coplously during sad after prehydrolysie, and in spite of the fact that
the pH of the top relief condensate was below 7.0 during the last 10

minutes of steaming, the blow gases smelled strongly of ammonis.

Eg Apalyeis revealed 1.0 g./l. of HH3 in the black liguor.

? The yield of pulp from Cook 60 was substantially less thaa

;% that deteramined on duplicate cooks of the meterial made earlier without
_f;if” T Dretreatment (3.7 as compared to 47.2), “The permsngenate Sumber was  —
B 0.5 lower and the screenings rejects were about 1/3 of the weight of

f those from the baseline cooks.

A comparison of the physical characteristics of the pulp
from Cook 60 with the average values for duplicate cooks on the same
material 1s made in Mguree 11-13, It will be noted that the pulps

rezcted very similarly $o the beating processing.,

The resnlts of the chemical tests made on the two pulps
(Pable III) shov that the effect of the prehydrolysie atep was to

inerease the alpha cellulose and decrease lignin and pentosan content.
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From the experiments described in this report, the following
conclusions are drawn!

1. The single experiment which utilised a lengthy hot water
soak of the chips prior to pulping did not indicate that thie pretreat-
ment was effective in reducing the eodor of the kraft cooking process.

2. It is poesible to combine & prehydrolysis step with a
m11d kraft cook to produce & pulp with a yield similar to that of &
straight kreft cook. However, a prehydrolysis pulp of that yield is
8o raw that it might have to be defibered mechanieally and the pulp is
harsh and comparativel; low in atrength qualities, The blow gas odors
from such a cook are not objecticnable,

. 3. 4 stepwise prehydrolysis with a maxizum steam pressure of

110 p.s.i, wvas apparently only slightly preferable to_a_quick rise to_

that pressure, as far as yield and strength results &re asoncerned,

4, %The use of ammonia gas in the digester during the steaming
peried will have the effect of keeplag the prehydrolysis reaction in an
alkaline medium, That this base is any more effective than sodium
carbonate in its results was mot demonstrated. In the eingle experiment
described in thie report the blow gas odors wvere extremely unpleasant,

muech more 8o, in faet, than those of a straight kraft cook,

& 3 * =L il LT
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In studying the development of odors during kraft pulping,
the investigation of individual chemical compounds sealed in glass tubes
with kraft white liquor and heated according to a typlcal cookdng schedule

has seemed to offer a technique which might bde of value, In this way,'it

would be poesidble to investigate many compounds during a eingle cook,

This procedu}e was followed in a test of 15 compounds, ‘which were
prepared and heated on January 24, 1950, Unfortunately, all but 7 of the
%ubes broke during the heating period, With the experience gained, 1t is
believed that the tubes can be epealed in future work in such a way that

breakage will be minimized,

-The compounds tested and the observstion of odore after openlng the

tubes were as followe: A total of 6 observers contributed to the smelling

tests,

1, Acetophenone, 063500033. The odor was described as
penetrating, and aromatic, It wae a strong odor, like "eity gae works,®
There was no strong suggestion of a typical kraft odor, The original

compound aleoc hes a strong penetrating odor, which was evidently somewhat

modified.

2. Cinnamic Aldehyde, CGH5CH=CH CHO. The odor was very objection~
able, skunk-like, or resembling burning rubber, The odor was slightly acrid

and appeared to contain some hydrogen sulfide, but not much. Again, the

[FaTIVIE L) THE INSTITUTE OF PAPER CHEMISTRY
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original compound hes coneiderabdle odor, but in this case it is of

quite different character.

3. Cymene, CHBCEgm 0337. Only the original and pleasing

aromatic odor was present,

4, Conidendrin (beta),

HO k L ~o
™ CH N ’CHa’
1
,//0033
£
ocas
The strong odor of rotten egg was present, There was a pressure in the

tule on opening,

- v

5. Dehydrodiisoceugenol methyl ether, The odor seemed to be

GES hydrogen sulfide, varioue observers
!
CH reporting from strong to faint, Some
]
- CH CHJ observers reported the odor to be one
}
[:::] ~ CH of sulfide but not H,S,
0330 !
0 — CH
CH30
OCH




et 4 ana

Project 1355
March 10, 1550

' Pege 3
6. Formaldehyde, Rotten egg odor, H.S.
7. MPurfural. Obnoxious odor, oloveeito krafi puiping-ofiep.

1Snells like mn 0il refining,®

After the digestion:,, all the samples were strongly alkeline--
pH above 10 as Judged by mlkacid psper. The alkaline cook strongly affected
the glass tubes, which were left severely etehed, There wag probably some

reduction 4n alkalinity cauveed by reaction with the glass,

Although the experiments in this serles were not wholly successful,
it 1is believed that sufficient promise has bBeen shown to warrant some
further work, It might be hoped that investigation of a series of model
compounds would show that certaln groupse are capable of reacting with kraft

liguor to yield noxious odore., The behavior of the constituents of wood

might than bde interpreted in a more fruitful manner,

— e B

. d— o
——————

—_———— e

y : - ~ In addi tion to hydrogen sulflde, gercsptans, sulfides and dfﬁuifiaes:
;hich are usually considered the chief od;riferons constitnents produced 1n
kraft pnlping. it may be worth comsidering the posesidle promise of other
compounds such as the aldehydes and ketones, Theese are estated to have

powerful and very objectionable odors, Thioacetone, in particular, ie

stated to herve a more offensive odor at extremely great dilutions, The
following scattered observations may be of interest for compounds of thie type.
1. Thioformaldehyde (CH»S) polymerizee very readily and cannot be obtained

in pure form., 2. Thése*éidehydnl and ketones are formed by the action of

H-8 on aldehydes and ketones, A catalyet is not ecsentinl, but the reaction

proceeds more readily if asdd or ZnCl, is present.

.
A
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3. Ha28203 mey be used instesd of HoS in preparation of thi@® aldehyde

and ketones, 4. Thioketones are hydrolyzed to ketones by heating

with dilute alkeli. 5. Thioaldehydes combine with HoS: CHpS # HpS—> CHei:SH
At least some of these compounde appesr to be readily hydrolyzed

by sicali and, hence, may be prerant in the gas phase (relief) but nct in the

liquor. In thies respect, the glass tude experimentsz, and cooks in whlch there

ie no relief and the digester is cocled before opening might poseibly

give different resulte from teste in which a relief or condensate may be

taken off,



