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INTRODUCTION

Previous project reports were summarized in Progress Report

One. This report will cover various prehydrolysis experiments which were

underway at the time the progress report was written and some which were

conceived after issuance of the report.

EXPEIMENTAL

The equipment and techniques used in the following work have

been described in previous reports.

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

to J. R. Peckham under date of April 2, 1949. The cooking conditions are

shown in Table I. The basis for the procedure used was an observation

that the odor attendant to the kraft pulping of a series of water extracted

southern hardwoods was not particularly objectionable. Therefore, it was

proposed that a kraft cook be made on southern pine chips which had been

subjected to a hot water extraction.

A digester charge of chips was placed in a stainless steel

cylinder having a perforated cone bottom. This container was suspended

over a tank of hot water maintained at a temperature of about 90° C. by

an immersed lead steam coil. Water was pumped in the top of the container

P
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of chips and drained out the bottom. This operation was allowed to

progress over a week end. However, sometime during this period the

steam coil broke and the temperature of the water returned to about

20 ° 0. These leached chips were cooked by a typical kraft schedule.

The odor of kraft was apparent. A permanganate number determination

was made bat the pulp was not saved.

rCook 51 was made in Ho. 3 iron digester to obtain a sample

of black liquor typical of a kraft operation. The black liquor was

ueed in the chemical evaluation of odor described on pages 20 to 24

in Progress Report One. The pulp was discarded.

Cook 53 embodied a 60-minate prehydrolysie period at 110 p.s.i.

steam pressure. The cook was brought to maximum temperature in 20 min-

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

and high screenings content. The odor was reminiscent of burnt sugar

but theri-vas little-or-no-mercaptan odor.

Cooks 55 through 59 were made with a view to producing a

prehydrolyred kraft pulp having yield and screening content similar to

those of a normal kraft cook, without regard to the permanganate number

range. Cook 55 utilized a prehydrolysis period of 15 minutes at 120 p.s.i.

steae pressure, and a period of 75 minutes to rea-h maxlm:.temperature

after addition of the liquor. The kraft odor was negligible. The per-

manganate number was 23.8, the unscreened yield was 38.8, and the

screenings were 5.38%.

1~~~~~~~~~~~~~~~~~~~
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Cook 56 was made under conditions very similar to those used

in Cook 55. However, the active Alkali was reduced from 22.5% to 21%

in an effort to increase the yield and permanganate number. These con-

ditions resulted in a pulp with considerable material which failed to

pass a 0.010-ln. cut screen plate. The rejects were quite soft however,

and about 0g% of the material was accepted by the screen after it had

been stirred in the British disintegrator for 25,000 stirrer revolutions.

The two accepted fractions were not combined but they were both included

in the screened yield determination. On this basis, the unscreened yield

was 39.2% and the screenings 1.2%. The permanganate number was 30.4.

The pulpiwhich was beater evaluated and on which the permanganate number

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

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

with active alkali further cut to 18.0%. The resultant pulp had the

- ...appearance of being quite raw, bututhe blow gases were considered to be __

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

the Bauer pulper at 0.005 inch clearance, feed rate 7, at a consistency

of about 6%, which produced a load of 350 amps. The Bauer was fitted

with B957 plates. The pulp was washed, screened, and yield was determined.

On an unscreened basis, the yield was 45.8%S and the screenings were 1.6%.

A permanganate number test, which w-s run using a 60-cc. basis, indicated

a figure of 54.5. The pulp was beater evaluated.

Cook 58 was made under conditions which duplicated most of those

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

prehydrolysis step embodied a 25 minute steaming wherein the pressure was

dii~~~~~~~d~~~~ ---- a~~~~~--- -- - -c�----I-
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brought to 120 p.s.i, in a straight line rise. The active alkali

used was 19% Thde blow gases from this cook were considered to be

quite free of kraft smell. The chips were poorly pulped and were passed

through the Bauer pulper onteat 8% consistency, .o00S clearance between

B957 plates, feed rate 7, and load of 10S amps. The pulp was then

washed, screened, and the yield was determined, The unscreened yield

was 42.4% and the screenings were 0.6%.

Cook 59 was also nade using many of the conditions of Cook 57.

The differences were (1) prehydrolysis. which in this case was done in

steps as follows: 5 minutes from sero pressure to 80 p.s.i., 5 minutes

at 80 p.s.i., and 5 minutes from SO p.s.i. to 110 p.s.i., and (2) active

alkali which was increased to 22.0%. The odor was typical of prehydrolysis

kraft cooks. The permanganate number was determined to be 22.3 and the

unscreened yield 59.0%. -1.6 screenings were retained on .010" cut screen.

Cook 60 entailed the use of ammonia gas as an alkali present

during the prehydrolysis step,'the-theorybeing that the ammonia would

neutralize the organic acids as fast as they were formed and this keep- 

the hydrolysis reaction alkaline. the introduction of the aamonia was

accomplished by filling the cone of the digester with 2s% aamonitu

hydroxide solution up to the level of the pulp plug. The chips, whtch

were southerapine from another project, were charged to the digester and

the cover was bolted in place. A vcenam line ia. ; attached to the top

relief valve and the air was evacuated, allowing ammonia fumes to rise

. j~i up into the chips. When the vacuum was released, the relief line was

l1 /~ --
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inserted in the top of a partially filled ammonia bottle to increase

the fumes present in the digester. The digester stood all night without

further attention. Prehydrolysis conditions were 100 p.s.i. steam for

15 minutes. Because of the possibility of pressure due to the ammonia

gas, the prehydrolysis was controlled by maintaining the temperature

at 1700 C. Relief was constant from both top and bottom of the digester.

The condensate vas divided into the following samples for testing pur-

poses: (1) Top relief--time to attain pressure and the first 5 minutes

of relief, (2) Second 5 minutes of top relief, (3) Third 5-minute

period of top relief, (4) Bottom relief--time to attain pressure and

first 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

sample were (1) 8.8, (2) 6.9, (3) 5.85, (4) 9.9, (5) 9.8, and (6) 9.5,

*7 the latter three being tested with a blue point electrode.

The cooking conditions used duplicated those employed on another

portion of-these-chipsin work done on another project. 25.25% active

alkali as NaOH, with a sulfidity of 20%, as. applie~ftier-the steaming ____

by injecting it into the circulating line. The water ratio, disregarding

the moisture pickup during hydrolysis, was 3.5 to 1. Maximum temperature

of 1720 C. was attained in 60 minutes and held for 68 minutes. The blow

gases from this cook were particularly obnoxious, being a combination of

ammonia and msrcaptan. Tests made on a black liquor samples taken just

prior to blowing indicated that 1 gram of NH3 per liter of the liquor

was present. The pulp was washed and screened and the yield was determined.
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DISCUSSION OF RESULTS

The basic idea behind Cook 40 was not explored sufficiently

well in this single effort to justify any conclusions. It was not

felt that any appreciable diminution of odor was perceptible as a

result of the pretreatment used in this cook. However, better control

of the pretreatment conditions might have given different results.

Cook 51 was not tested in any manner except that a portion

was screened and a permanganate number determination was made. A

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

Cook 53 embodied a long prehydrolysis and was made to in-

vestigate the effect of such a treatment on penetrPtion of the cooking

liquor. The digester was brought to maximum temperature 20 minutes

after injection of cooking liquor was completed. This cook can perhaps

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

that the maximum steaming pressure was 120 p.s.i. and it was held at . ..

this pressure for 15 minutes. Some improvement in screening rejects

was noted, 8.3% against 18.7%. The permanganate number was somewhat

lower than that of Cook 28, 22.1 for Cook 53 and 24.4 for Cook 28.

This would indicate the probability that the wood charge after the

60-minute steaming was less than remained after 20 minutes steaming,

with the result that although the same amounts of Alkali were used,

the alkali to wood ratio was higher for Cook 53 than for Cook 28.

The chemical analysis of the two pulps are compared below.

i. -.i: --
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Pulp Prehydrolysis

28 120/15

53 110/60

EMnO 4
No.

24.4

22.1

Unscreened
Yield, %

41.2

35.8

Screenings

18.68

8.31

C.i

3'~ 

4~d

.; ,I

.. j,

'U j 

1 :1

Some of the differences noted could probably be partly ex-

plained by the difference in permanganate number. However, the greatly

reduced pentosans of Cook 53 are probably caused directly by the

difference in steaming techniques.

Cooks 55 and 59 represent an effort to evolve a prehydrolysis

schedule of sufficient drasticity to produce the desired improvement in

odor, combined with cooking conditions that will produce a pulp having

a yield comparable to that of a non-prehydrolysis cook. Ideally, such

a set of conditions would also produce a pulp of low screenings content,

To that end a cooking schedule utilizing 75 minutes to maximum temperature

was used in Cooks55-to 5E;-and a 60-minute rise in Cook 59. the con-

ditions and product variables of Cook 29 are considered baseline for 

non-prehydrolysis pulp for this series of experiments. Cook 28 was the

typical prehydrolysis experiment which was chosen as the point from

which this investigation proceeded.

Cooks 55 through 57 investigated a decrease in cooking chemical

as a means of increasing the yield of prehydrolysis kraft pulp to a point

where it would be comparable to that of Cook 29.

The yield data are as follows:

/

Alpha
Cellulose

87.6

89.0

Lignin

4.5

3.9

Pentosans

3.3

2.4

�--------------

J:tm t'

-
Onvsancil

-�------_

II

I__, ~~ ·~,,,..I I ,.,
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Cook

Active alkali
as BaOH, %

Permanganate Number

Unscreened yield, %

Screenings, 

a2

22.5

24.4

41.2

18.6 

29

23.0

24.2

46.7

3.42

55

22.5

23.8

3gS.

5.34

56

21.0

30.4

39.2

1.25

57

54.5

45.8

1.60'

,' /? TheFe data would tend to indicate that within the range of

normal cooking conditions, the yield of pulp is controlled primarily by

drasticity of the prehydrolysis step. The sindlarity in prehydrolysie

and variation in cooking conditions are reflected in the analytical

data shown below.

Cook 28 29 55 56 57

Permanganate lumber 24.4 24.2 23.8 30.4 54.5

Alpha cellulose, % S7.6 80.2 86.9 85.6 76.2

Lignin, % 4.5 5.0 5.0 6.7 17.1

Pentosans, .% 3-3 .- 7'.S 4.8--. 2 4.1 3.--

The degree of pentosan removal appears to be quite similar in

the prehydrolysie cooke, while the lignin content increased with in-

creasing permanganate number. The pulp of Cook 56, with a permanganate

number of 30.4, had a higher alpha cellulose content than that of Cook

29 with a permanganate number of 24.2.

The strength characteristics of the above mentioned five pulps

are compared in Figures S through 10, these data being taken from graphs

made on the individual pulps.

* This pulp was 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

of beating, with the other prehydrolysis kraft pulps showing similarity

in their resistance to refining.

A comparison of tearing strength of the several pulps is

made in Figure 9. These data show that the regular kraft pulp reaches

maximum bursting strength late in the beating cycle, while the pre-

hyd

At

to

of 

etr

hyd:

appi

the

to t

tem;

even

fibs

inst

thou

rolysis pulps pass through a maximum at about 600 cc. S. R. freeness.

700 cc. S. R. freeness the bursting strength of Cook 55 is similar

that of the regular kraft pulp, but it then declines whereas that

Cook 29 increases in the lower freeness levels. The bursting

ength values of Cooks 28 and 56 are quite similar.

The tearing strength advantage generally exhibited by pre-

rolysis pulps over reglar-krafttpulps-is -not-demonstrated-in- - _ 

are 10. The strength values for Cooks 55, 56, and 57 are all

reciably lower than those determined for Cook 29. Cook 57 has

lowest tear in this series.

The prehydrolysis conditions used in Cook 58 were thought

have some merit in that the chips would not be at an elevated

)erature for a long period of time. The yield was not satisfactory,

i though the pulp was too raw to screen without a preliminary de-

ering step.

The prehydrolysis step used in Cook 59 apparently was not

rumental in bringing the yield of pulp to a desirable level. Al-

gh the physical characteristics of the pulp were somewhat superior
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to those of Cooks 57 and 58, they were not outstanding.

Cook 60 investigated the effect of an alkaline prehydrolysis

wherein the pH of the reaction was maintained in a range above 7.0 by

?~ ~the presence of ammonia gas in the chips. The cook was made on a

sample of chips which had previously been pulped in connection with

another project. The yield and strength data for comparison with

j'*, Cook 60 were thus available. Although the digester was relieved

copiously during and after prehydrolysis, 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 ammonia.

Analysis revealed 1.0 g.1/. of NE3 in the black liquor.

The yield of pulp from Cook 60 was substantially less than

4V. that determined on duplicate cooks of the material made earlier without

:?- - ~ pretreatment (43 7 as c2pared to 47j.2) The permanganate nuiefwas -

0.5 lower and the screenings rejects were about 1/3 of the weight of

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 is made in Figures 11-13. It will be noted that the pulps

reacted very similarly to the beating processing.

The results of the chemical tests made on the two pulps

(Table III) show that the effect of the prehydrolysis step was to

increase the alpha cellulose and decrease lignin and pentosan content.
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From' the experiments described in this report, the following

conclusion ons are drawn:

1. The single experimaent which utilized a lengthy hot water

soak of the chips prior to pulping did not Indicate that this pretreat-

ment was effective in reducing the odor of the kraflt cooking process.

2. It is possible to combine a prehydrolysis step with a

mild krraft cook to produce a pulp with a yield similar to that of a

straight kraf~t cook. whoever, a prehydrolysis pulp of that yield is

so raw that it might have to be defibered mechanically and the pulp, Is

harsh and comparatively low in strength qualities. The blow gas odors

from such a cook are not objectionable.

3- A stepwise prehydrolysis with a maximum steam pressure of

110 p.s.i. was ~pp~f lantlr -t4y sligh aby -to -qui clk-rise-to----- 

that pressure, as far an yield and strength results are concerned.

4. The use of ammonia gas in the digester during the steaming

period will have the effect of keeping the prehydrolysis reaction in an

alkaline medium. That this base is any more effective than sodium

carbonate In its results was not demonstrated. In the single experiment

described in this report the blow gas odors were extremely unpleasant,

much more so, in fact, than those of a straight kraft cook.
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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 typical cooking schedule

has seemed to offer a technique which might be of value. In this way, it

would be possible to investigate many compounds during a single cook.

This procedure was followed in a test of 15 compounds, 'which were

prepared and heated on January 24, 1950. Unfortunately, all but 7 of the

tubes broke during the heating period. With the experience gained, it is

believed that the tubes can be sealed in future work in such a way that

breakage will be minimized.

_ The compounds tested and the observation of odors after opening the

tubes were as follows; A total of 6 observers contributed to the smelling

tests.

1. Acetophenone. C6H5 COCE 3. The odor was described as

penetrating, and aromatic. It was a strong odor, like "city gas works."

There was no strong suggestion of a typical kraft odor. The original

compound also has a strong penetrating odor, which was evidently somewhat

modified.

2. Cinnamic Aldehyde. C6H5CH=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

e

cfoso F.r THE INSTITEU OF PAP~F CHEMISTRY
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original compound has considerable odor, but in this case it is of

quite different character.

3. Cymene. CH3C0 L C3H7. Only the original and pleasing

aromatic odor was present.

4. Conidendrin (beta).

cO cE_ C°rO
C-30 j 1 CH _- c0
HO ' E CH '

/ OCH,

ocs 3

The strong odor of rotten egg was present. There was a pressure in the

tube on opening._ 

5. Dehydrodiisoeugenol methyl ether. The odor seemed to be

CH3 hydrogen sulfide, various observers

C3 reporting from strong to faint. Some

CH CH observers reported the odor to be one

O - CH of sulfide but not H2S.
CH30 

C -Ho 

OCH3

~ ~~~~~~~~~~eil~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



6. Formaldehyde. Rotten egg odo

7. Purfural. Obnoxious odor, ol4

'Smells like an oil

After the digestioLn,, all the semi

pH above 10 as judged by alkacid paper. The

the glass tubes, which were left severely el

reduction in alkalinity caused by reaction i

-1
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r, H2 S.

eei to kraft pUlping, oop.

1 refining.'

Ales were strongly alkaline--

B alkaline cook strongly affected

etched. There was probably some

with the glass.

Although the experiments in this series were not wholly successful,

it is believed that sufficient promise has been shown to warrant some

further work. It might be hoped that investigation of a series of model

compounds would show that certain groups are capable of reacting with kraft

liquor to yield noxious odors. The behavior of the constituents of wood

might than be interpreted in a more fruitful manner,

In addition to hydrogen sulfide, mercaptans, sulfides and disulfides, "

which are usually considered the chief odoriferous constituents produced in

kraft pulping, it may be worth considering the possible promise of other

compounds such as the aldehydes and ketones. These are stated to have

powerful and very objectionable odors. Thioacetone, in particular, is

stated to have a more offensive odor at extremely great dilutions. The

following scattered observations may be of interest for compounds of this type.

1. Thioformaldebyde (CH2 S) polymerizes very readily and cannot be obtained

in pure form. 2. These-aldehydes and ketones are formed by the action of

h2S on aldehydes and ketones. A catalyst is not essential, but the reaction

proceeds more readily if anld or ZnC12 is present.

At

L

I --
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3. Ha2S203 may be used instead of R25 in preparation of thi aldehyde

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

with dilute alkali. 5. Thioaldehydes combine with H25: CH2S * H2S-> CHE2
$S

At least some of these compounds appear to be readily hydrolyzed

by taali and, hence, may be present in the gas phase (relief) but not in the

liquor. In this respect, the glass tube experiments, and cooks in which there

is no relief and the digester is cooled before opening might possibly

give different results from tests in which a relief or condensate may be

taken off.


