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The work covered by this report was done at the request of the International

Peper Company and was performed with wood chips supplied by them. These chips

contained 51F moisture and were sorted and bagzed as has been previously descrided,

Representatives of the company were present during most of the operations and many

of the conditions used were suggested dy them, The majority of the techniques

practiced in this work have been descrided in previsus project reports,

Cook 35 was the initial cook in this series and embodies a prehydrolysis

operation of 80 p.s.i, steam pressure for 38 mimuten,

The prehydrelysis and

cooking conditions and product variables for thie cook and all cooks sudbsequently

deseribed will be found in Table I.

syploal kraft odor noticeabls at the tims the cook was blowm; ~ - -

It vas thought that there was little of the

Cook 36 was a baseline cook and nsed the same cooking conditions as the

previous cook, bdbut no prehydrolysis,

of & kraft nature. The pulp was not saved,

The odor of this cook when dlown was digtinetly

. Pty
Cook 37 duplicated Cook 35 except for the prehydrolysis schedule, which

vas 120 p.s.i, steam pregsure for 15 mimtab; Pop relief was econstant throughout

the cooking schednle,

The relief vas passed through a water-cooled glass cordemser

and was caught in a pliofilm bag tied firmly to the eutlet of the condenser. ZThe

bag was replaced twice during the cook, the relief intervals being divided as follows:

1.
2,

J.

FORM 73

from 100° €, %o 173.5° C,
first half of time at maximun temperature

last half of time at maximum temperature

g
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FABLE 1

: PULPING CONDITIONS AND PRODUCT VARIABLES
B

Gook 35 ¥ 38 39
Prehydrolysie conditionst

Steam pressure, P.s.l. 80 120
1, ®ime to attelin pressure, pin, 1l 2 -
2, '"®ime at pressure, min, 38 15
3, Pime to relieve %o inject, min, 3
b, Injecting time, min, é 7
Eraft eooking

T{mo to maxisuma pressure, min, 60 60 60 60 60

fotal time to max, temperature, mdn.* 105 87

Haxrimn temperaturs, °C. 173.5 173.5 173.5 173.5 173.5

®ine at maximum tesperature, min, 60 60 60 60 60

Plow down time to 80 p.s.i., min, 15 15 15 15 15

fotal time, cover %o blov, min, 180 135 162 135 135

Active alkall as ¥aOH, § 22,0 22,0 22,0 22.0 23.0

Sulfidity, % 33.3 333 33 Bo 333

Yater ratio, (ovesmdry), ce./e. 3,50 b5 3.5¢¢ b5 b5
Permanganate oumber 22,6 23.0 26,0 |
Unscroened yield, % 40,27 38,72 hs.92 |
Sareened y"lds ; 37071 37019 4303“ ‘
Screenings, 6.35 3.9% 5.62 ‘
Frehydrolysis condensate dats

Yolume of top rellef, c¢. 910 1230

pl of top rellef h,2 k32

= —— . Yolume of botton relief, cc, 10,760 5,470

pH of bottonm relied o e Rl e B35
Volume of top relief condensate

from cook, ©8,
Blaek liquor analyseis

pE 12,5 12,6 12,7

Total alkali as ¥a,0, g./l. 38.1 h5.6 35.1

Astive alksli as Fa.0, g./1. 8.5 11,0 12,1

* Includes 1, 2, 3, and & under prehydrolysis
¢s Does not include water from prehyirolysis
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fhe ssmples were taken in this manner in order to trap the noncondensable gaces

for odor evaluatiern,

Cook 38 vas made in the same manner as Cook 36, a nomprehydrolysis ¢ook, and
no pulp wvas saved, Top relief samples wers taken as described for Cook 37 and were

used to compare the odor of the gases from the two cooks,

The .above mentioned comparison was mede in a room having a high rate of air
exchange by resson of an efficient exhgust fan., The samples were arranged around
a long table and were coded by letter, Several Institute staff members were asked
to smell each of the samples and to rate them as to the relative offanahc‘nou of
the odor., Without exception, Sample 1 from Cook 37 was declared least objectionable,
and Sample 3 from Cook 38 the most offensive, Vhen judged as a group, the three

samples from Cook 38 were unanimously chosen as most obJectionadle,

Cook 39 was the bassline cook and, although more alkall was nsed than was
necessary for the prehydrolysis edoh, the permangsnate musber was somswhat high,

The cook was, however, accepted as the baseline effort and was ovaluated,

The physical characteristics of the cooks vhiok were of interest m lh;;n”h
Pabdle II and Mgures 1 through 3. Camparison of the sirength charscieristics of
the three pulps at similar freenees levels is made in Figares 4 through 6,

DISCUSSIOF OF RBSULTS

International Paper Company's reprosantatives, Nr, &ildert and Kr. Harris,
vere present during the work horeln descrided and suggested many of the condisions,
They did not, however, comment officially om the oder attendant to the several
cooks, ALy commants in regard to this phase of the study are a reflection of the
opinion of ths writer only,




PABLE 11

-

Projeot 1395
Augast ), 1949
Page b

PHYSICAL CEABACTERISTICS OP SOUTHERN PINE KRAFF FULPS

JOR INTEBRATIONAL PAPER COMPANY

Cock

Prehydrolysis pressurs, p.s.l.
Prebydrolysis time, min,
Pernangenate nuaber

" Schopper-Riegler freeness, ccC. 0

| Basis welight (24x36--480), 1b. 0

Caliper, in. )

Apparent density 0

Bursting strengih, pt./100 1b, 0

Paar factor 0

30
50
70

. 2. This column denotes beating time in mimbes

2,17
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b.63
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The series of three cooks whish were completaly evaluated covered e baseline

and two prehydrolyeis cooke wherein divergent prestesming conditlons were wused,

The pulp from Cook 39 ie considered bdaseline or a typical kraft pulp from
southera pine, The pomangana@e nunber was bigher than was recorded for ths two
prehydrolysis pulps, Cook 35 produced the prehydro'lrsod kraft pulp using a pild
presteaning treataent, snd Cook 36 1dentifios the punlp odtalned aftor a more rigorous

steanming treatment,

The data in Table I shows that lese allkall was needod to pulp to a glvem
: pernanganate number when prehydrolysis was employed., The time of actusl contsct
with the liquor was tke same for the prebydrolysis cocks as for the baseline cook,

The yield of ulp was considerably lover when prahydrolysis was nsed, and
Cook 37, which employed the more drastic steaming operation)prodnced the lowest

yield in the series.

The scroenings were not exiremely high {n eithar of the prahydrolysis eooks,
1~ T~ probdadly -becense_the schedules bad previded an adequate time to maximmm t{emperature.

Zhe odor of the blow gases from Cooks 35 and 37 were typical of the prehyirclysis
cooks malde previocusly., The odor from Cooks 36, 38, and 39 was like that of any
normal kraft cook. The odor of the gases obsained during Cook 37 was less objection-

able than those obtained from Cook 38,

’ The pulp from Cook 39 (baseline) was somevhat sasier beating than the palps
fren the prehydrclysis cooks, as shown in Figure 4. %The pulp from Cook 35 (mild
!- prehydrolyuis) bdeat mors readily than that from Gook 37 (drastic prehydrolysis).

j” ! N The bursting strengths of the 3 pulps (Pigars 5) were meh the same with a

i ‘Un_(_
i;tlo advantage for the prehydrolysed pulips,

A
.

Al
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The tear curves, shown in Tigure 6, dieplay more similarity than has been
bi sherto experienced in this work, Hovever, it can probably be safely stated that
the tearing strengths of the prehydrolysed pulpe are superior to that of the baseline
pulp. 7The pulp from Cook 37 had & slightly higher tear than that from Cock 35.

CONCLUSIONS

fhe data obtained from this series of cooks corroborates many of the findings
reported previocusly, Prehydrolysis of the wood chips, followed by a kraft cook
resulted in lower yielde than when no prehydrolysies was practiced, The more

arastic steaming operation lowered the yleld more than did the milder conditions,

Zhe odor attendant $o the blowing of the prehydrolysis cooks was lese odbjection-

adle than that of the unprehydrolysed cocks, The noncordensable geses from Cook
37 (prekydrolyzed) were less objectionable to a mumber of observers than were

sinilar gases from Cook 38 whiech was a typical kraft cook,

Ths deating cycles and strength charasteristics of the several pnlpa vore nore

noarly aJ.ilr.o than was typleal in prméun -uporineﬁtt.

Prehydrolysis conditions of 80 p,s,i, stean pressure for 38 mimmtes prodably
degradec the pulp less than 120 p.s.i, steam for 15 minutes,

Srp/um
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PEEHYDROLYSIS OF WOOD

Project Reports One and Two dealt primarily with preliminary
experiments designed to demonstrate the efficacy of prehydrolyeis of chips
as a means of alleviating the odor normally associated with pulping by
the kraft process. A ladoratory stationary digester and a laboratory
Asplund mil) were investigated as vessels im which to demonstrate the .
process. Several miscellaneous experiments in which prehydrolysis played

ne part vere also described.

This repert will cover a series of cooks made in an effort to

_determine optimum prehydrolyeis corditions as they affect (1) pulp quallty,

. . ———— e ———— ——— e e — A s e e e e e -
Uy U SRR

(2) pulp yield, and (3) screemings ratic.

The basis for this ‘'work 1s contaired in a mevorandum from Forman

to Peckhan dated 2/28/h9.
The equipment nsed has been previously dascribded.

Cook 25 was made in No. 3 iron digester. The conditions for
the cook are showvn in Table I. This digester had not been used for some
time due to operational difficulties. It had recently beeﬁ ovarha;lod
and repiped, so it was put into service. The conditions used in the ecook
produced a pulp comsiderably harder than desired. Cook 26 was made,

also in Digester Fo. 3 with an increese in active alksli, Only a small

szount of this cock was screened when it became spparent that the chips had

~

—

been incompletely pulped. 4 v
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The work at this point was transferred to #& stalnless steel
digester and Cook 25 was repeated as Cook 27. The desired permanganate
number of 25 was mot reached, so the cook was repeated aa Cook 29,

utilizing a small increase in active alkali. This pulp from this cook

was considered satiesfactory as a daselines.

Coock 28 hed prehydrolysis conditions of 120 p.s.i. steam pres-
sure, attained in 2 minutes and held for 15 minutes. Top and bottom
relief were continuous throughout the steaming period, 4t the end of
the 15 minutes, the steam was shut off and relief contimed for an addi-
tional 2 minutea to an interaal pressure of 80 p.s.i. At this point the
liquor for the cook, which had been made up in advance and in a volunme
which provided comsaiderable sverage to fill the various injection lines,

was injected., The water ratic, disregarding the weter from the steaming

- operation, vas 3.5 %0 1, or one part lese water than used in the baselire.

o _

It wvas assuned that the water from the prehydrolysis vouia'coupennate
for this cut. The injection consumed an additionsl 5 minutes. The tempera-
ture wae brought to maximom in 20 mioites after the completion of the
chemical addision, and maintatned thers for 75 mirutes. After s 15-minute
Plowdown, the coek was blown ard thereafter washed, screened on .C10" cat
flat scresp, and the yield was determined. All prekydrolysis operations
Boreinafter described were performed in the same manner except for time

and pressure changes as noted. All prehydrolysis data are included in

Table I.

Cook 30 had a prehydrolysis schedule of 80 p.s.i. steax pressurs

attained in one minute and held for 38 minutes. Other conditions were
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the seme as for Cook 28. No steaming relief was necessary to permit

injection since the pressure was already at the desired peint.

Cook 31 also duplicated Cook 28, in prehydrolysis as well as

cooking. The varisble in this case wae the water ratio, wvhich was lowered
from 3.5 to 2.5 %o 1. Although thiec step was deeigned to obtain a higher

cherical concentration in the cook and improve the degree of puiping,

the resnlts were exactly the reverse.

Cook 32 ntilized a prebydrolysis of 100 p.s.i. steam applied
for 25 mirutes. After 2 minutes rellef and 5 minates injection time, the

cooking follewed the conditione of Coek 28,

Cook 33 was an attempt to improve the pulping conditions after
s prehydrolysis of 120 p.s.i. 5ince cutting the water ratio {(Cook 31)

e “——was-unsuecessful, this cook was made with the same water ratlo &s the

e ————— e L

bassline cook. ¥o improvement in cooking unkfg;;fi§u;ih‘iothd:”“”“—~-~—-—*hﬁnﬂ;g_" —

Cooks 34 and 46 investigated the effects ¢f increasing the time

to maxinum temperature, after prehydrolysis at 120 p.s.i. for 15 minutes.
Cook 3L used 40 minutes and Cook U6 used 60 minmutes to attain maximum

tewperature after injection of the liguor.

Cook 4} investizated the possidility of prehydrolyesis at 80
pst.i. for a short time (in this case 10 mimutes). The permanganate number

was high.




sure was {ncreased; as-can-Dbe-seer-from-the yield data for Cooks 28, 30,
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The pulpe of interest—Cooks 28, 29, 30, and 32--were beater
eveluated according to Imstitute Methods 403 and L1l, using 6500 g. bed~

Plate loading.
DISCUSEION OF RESULTS

After the work was transferred to No. 4 digester, Cook 29 was
established as & baseline. The permanganate number was 24.2 and the yield
and screeninge ratio seemed typical of & southern pine kraft pulp of that
degree of cooking. All of the prehydrolysis cooks which attained the de-
sired permanganate number, displayed about 5% less yleld on the unscreened
basis than did Cook 28, the baselire cook. Anotker factor of note in the
yield data was the high screenings ratio found i» the prehydrolysies pulps.
The trend was definitely higher as the maximmm prehydrolysis steam pres-
and 32 in Tadle I. Increasing the time to maximum temperature (Cooks
28~ , and 46~-Tadle I) was effective as a means of reducing screenminge
when 120 p.8.i. stear pressure was used in prehydrolysis. However, the
over-all cooking time vas lengthered amppreciably by this procedure, and
the permanganate mumbers of Cooks 3% and 46 were so divergent that it

would be unsafe to drawv conclusions from these pulps.

In the laboratory work 1t is quite difficult to reproduce the
water ratio of prehyérolyeis cooks from experiment to experiment. In the
work to date it has been assumed thof the chips pick up their ovendry weight
in moisture, but 1t is quite likely that many factors affect the validity

of this assumption. The importance of chemical concentration in kraft
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pulping ie sufficiently well known that it need not be dealt with here.

The strength data for Cooks 28-29, 30, and 32 are shown in Table
1T and Figures 1 through 4. ZXwaluation of Cooks 31, 33, 34, 41, and 46
were naot attempted since the pulps were not entirely satisfactory. Com-

parisom of certain data are plotted agalnst freeness in Figures 5 through 7.

The burst-tear relationships of the several cooks followed the
tronds which were discovered earlier, i.e., prehydrolysis pulps were
higher in tear and lover in burst than the daseline pulps The beating
cycles were also typical of the previouns reaults, where prehydrolysils
pulps had been found to heat harder than a similar kraft pulp made without

prehydrolysie.

A comparison of prehydrolysis pulps made at three maximum steam

38 pinutea) was outstarding. The barst was equal to that of the baseline

pulp, and the tear was also very goed. In ezse of beatling it was oily

alightly more resistant tham the daseline pulp.
COBCLUSIONS

The work covered by this report bore out the findinge of pre-
vious experiments in regard to yield and strength characteristics. 411
prehydrolysis cooke showsd considerable loss in yleld and high screening

rejects. Eigh tear, low burst, and resistance to beating were also typical

of pulps vhere prehydrolysis was employed.
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PHYSICAL CHARACYRRISTICE
Cook 28 Cook 29 Cook 30  Ceok 32
Schepper-Riegler freenoss, €O« 0 880 890 870 £90
5 g70 820 £60 £20
15 5 860 8?“5) 855
30 125 120 7 750
50 ug0 365 110 460
70 305 185 255 260
Basis veignt (2 36=-500), 1bs O 37.6 38.% %0.7 uo.
5 39+3 39.5 38.1 37
1% 38.6 38.9 3945 38.9
30 38.3 38.7 8.8 38.2
50 39,6 18.0 388 38.2
70 19.0 38.5 38.1 3843
Caliper., in. 0 0.0048 0.0053 0.0055 0.0050
5§  0.0043 0.0048 0.00uk  0.00%1
15  0.0040 0.00%) 0. 0.0039
30 0,0036 0.0038 0.0037  0.0037
50  0.0035 0.0035 0.0035 0,003
70  0.0033 0.0033 0.0032  0.00
Apparent density 0 7.8 7.2 7.4 8.1
T T e e _ﬁ_____5 901 8.2 8.7 9,1
15 T 96— 9.5 8.9 10.0
3 10.6 10.2 40,6 " 103
50 11.3 10.9 1. 1.9
‘ 10 118 11.7 11.9 11.3
Pursting strength. pt. /100 1b. 0 30 57 k1 39
5 10 4 92 89
1% 110 Bt 148 18
30 16k 174 179 158
50 168 153 183 166
T0 158 n 167 167
Tear factor 0 3.40 k.01 %.03 3,67
5 517 ‘-23 535 5.4
15 3.89 3.2 1.65 3.70
30 3.11 2.8 3.20 3.20
50 2.63 2.26 2.60 2.%5
10 2.36 1.77 2.13 2.38
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A presteaming of 3% minutes at 80 p.s.i. followed by a kraft

. ¢ook produced a pulp with the typical low yield, but the screenings

ratio was not high. The strength of the pulp was very good, displaying
burst the equal of the baseline effort and a higher tear. It was oaly
slightly more resistant to bdeating than the baseline. The other two pre-
hydrolysis conditions did not produce as satisfactory pulps, and the per-
centage of acreenings increased with the increase in maximum steam pres—

sure-in the prrehydrolysis.

Increasing the time to maximum temperature in the pulping opera=-
tion was successful as a means of reducing the screening ratio in cooks

where a prehydrolysis of 120 p.s.i. steam pressure was used.

Insufficient vork was done to investigate optimum steaming time

when 80 p.s.i. steam pressure was used for prehydrolysis.

The reproducidility of any laboratory prehydrolysis cook 1§
adversely affected by the difficulty in ascertaining the amount of
water deposited on the chips by the presteaming operation. This would

presumably not be a difficulty in commerclal operation.

Jp/enm
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The object of this experimeant was to better understand the

effects of presteaming on sudeequent impregnation by kraft cocking liquors.
SAMPLES AND PREPARATION

Cubes of wood (southera pine) l-inch on & side were farniehed
by tllxo pulping laberatory. They were cut from a green log which had
a moisture contemt of approximately 55% (vased on green weight). These
cubes v;re diﬁded inte elght groups of elght, veighed to the nearest
grem end measured to the nearest millimeter (radial, ‘tangential sad
longitu.mal dimsnsions)., The cubes were them returned to the pulping
laboratery and given special steaming treatments, ZThe ireatments given

the cubes were:

frestment 1

The cubes were placed im a 10-1b, eapacity vertioal, statiomary
aatoclave and steamed at 120 p,s,i. for 10 minutes,
froatmeat 2

This treatnent wag the same as Treatment 1 except the steaming

wae for 30 minutes at 80 p,.s.i,

freatment 3

Phis treatment was the szme 88 Treatment 1, escept that the
eubes werle nh:crga(i in water.
Preatment &

Twelve liters of water were placed in the sutoclave and the pH

vas adjusted to 11.B with nazco3. The cubes were placed in & wire
THE INSTITUTE OF PAPER CHEMISTRY
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Pasket and suspended approxizately l-inch over the solution. The cubes
vere simltéaoonlly stoazed at 100 p,.s,i, and washed wvith the l-zco3 solution
for 15 minutes, The Fa,005 solution was continually pumped cut of the

autoclave and then back over the cubes,

freatpent 5

The eonutiona-vere the szme ns Treatment 4, except that the
pH of the solution was 9.9 lndl the steax was atl 110 p.s.i, for 10 minmates,
Preatpent 6 |

The conditions were the same as for Preatment U, except that
the steam was raised to 120 p.s.i, for 10 mimtes,
freatnent 1

Tho cubes vere dried im & drying oves (105° C.) wntil they
were of constant weight (ovendry)., (Performed in th‘e \:roed technolesy

e e LBBORREORY L)« o e e e e e e

Preztment &

Phis was a ceatrol and the cabes were mot treated ia any wey,

After the cubes had been treated thay weme again veighed and

.mudo
VEITE LIQUOR IMPREGNATION PROCEDURE:

The cubes were placed i{n separate 200 ec. erystalising dill}es,
130 ec. of t{u white liquer vas added and the cubes were submerged with
glass weights. The dishes vere placed in a homemade pressure chamber
and subjected to 50 p.s.i. of air for 30 mimates, The pressure chambder

coneists of & U~inch diamster pipe which was closed on one end. The

open end was sealed by means of an iron cever, held on by bolts, and sealed

with 8 rmhhar warher. Mha eavar had A velve sten and a Pressure fage.

—_ = e ——e -

—_———— e
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Tollowing the pressure treatmeat, the cabes vere removed from the presaure
chaxber, the white liquor was drained off sad the cubes were blotted

free of the axcess white liquer, The cubes were them revelghed, measured

and split in half, ZXach balf was stained with phenopthalein and the

depth of penetration of the vhite liquor was measured.
RESULTS

The presteaming treatments discolored the cubes making them a
dark greyish brown and small blisters of pitch formed ever the openings
of the resin capals, There vas a small amount eof swelling becaunse of the
stesming treatments, btut net emough to be of any importance. The pre~
tte2ming treatments raised the molature content of the cubes except in
Yreatment 1 (120 p.s.1. steaming fer 10 minutes) in which case the moisture

coutent drepped (see Chart I).

Tt e——o . ___The anount of white liguor picked up by the cubes seemed to
e e

-  depend upos the melsture comtent of the cubes, Yor instance, the oveadried _

e o -

" cubes picked up 6 times as mach white liquor as the comtrol. The comtrel,
vith  Rolsture content of 1174 picked np appreximately twice ss smch
1iquer as the cubes with the motsture conteat of 134%, (Percentages are

Vased on the ovendry weight of the cubdes.)

The depth of pmnetration of the white liguor varied inversely
with the moisture content of the cubos treated, The depth of pemetration

ranged from 6 to 13 millimeters or frem 50 to 100%,
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fhe white liquor, before being wséd in a treatment, hed a
total alksll as Eaao of 35,1 grams per liter, The white liquor ased
in the control test had am alkali cortent as l!aeo ef 21.% grams per
liter, The liquor from the steam—tireated cubes was spproximately the
same a8 for the control. PYThe total alkali for the white liguer

from the Ha200 treatments showed a hig discreparcy and were not

’ recorded,

CONCLUSYONS

The white kraft cooking liquor appeared to penetrate deeper

;ﬁ’ inte the springvwood than the summerwood. The presteaming and the

Y LR ,

ﬁi}% ,"zwj trestments of the tubes appear to rednce the pemstration of the
*“:‘r‘%{;d; white liquor; however, this might be due to the high meisture content

———ﬁkﬁgwl of-the_cubes. This_point is_bronght_ent by the_ fact_that the_ cubes that

were submerged in the water (Trestment 3) had less penetration of the
vhite liquor than those subjected to the other treatments, The penetration
of the white liquor for all the Ha.EC!O}-treated cubes was approximately

the same, This indicates that the pH of the 332003 solution had little

to no effect on the penetration.

ep/me




Copies to:

e e e e e e e o am——— o ————— .~ ——-

T FORM 73

g

PROJECT No._.{/_l5&5 ‘

PROJECT REPORT FORM o o

REPORT NO Five

DATE Jlgly 1, 1949
Tles o NOTE BOOK 800 thru
Mr, Steele PAGE . __1,18#% L
Dr, Isenherg ) ! 5|GNED__G£M;“’M’;--——
Dr, Forman S Charles Peckham

Mr, C, Peckhanm
Mr, J, Peckham
The object of this experiment was to better understand the

effects of presteaming on subsequent impregnation by kraft cooking liquors.
SAMPLES AND PREPARATION

Cubes of wood (southern pine) l-inch‘on a side were furnished
by the pulping lsboretory. They were cut from a green log which had
e moisture content of approximately 55% (based on green weight); These
cubes were gifided into etght groups of eight, weighed to the nearest
gram and measured to the nearest millimeter (radi%l; tanéential and
longitudinal dimensions). The cubes were then returned to the pulping
laboratory and given special stesming treatments., The treatments given

the cubes were:

Treatment 1

.The cubes were placed in a 10~1lb, capaciiy vertical, stationary
antoclave end steamed et 120 p.s.1, for 10 minutes,
Treatment 2

This treatment was the same as Treatment 1 except the steaming

was for 30 minutes at 80 p.s,i.

Treatment 3

This treatment was the same as Treatment 1, escept that the
cubes were submerged in water.
Treatment 4

-Twelve liters of water were placed in the autoclave and the pH

vas adjusted o 11.U4 with Naacoj. The cubes were placed in a wire

THE INSTITUTE OF PAPER CHEMISTRY
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basket and ‘Suspended epproximately l~inch over the solution. The cubes
were simm)teneously stesmed at 100 p.s,i. and washed with the Nazco3 solution
for 15 minutes. The Ha2003 solutien was continuglly pumped out of the

antoclave and then back over the cubes.

Treatment 5

The condditions were the same as Treatment Y, except that the

pH of the solution was 9.9 and the steam was at 110 p.s.i, for 10 minutes,

Preatment 6

The copditions were the same as for Treatment %, except that

3

Lot =, T ' T
P 'the‘st;%am wag:raised to 120 p.s.i, for 10 minutes.
L v :’ "“T’:“

. ‘
H 20 "
e Treatment ] -,
- * 1
Caoagptes g e

= ¥ Uwhe enbes were dried in a drying oven (105° C.) until they

were of constant weight (ovendry)., (Performed in the wood technolozy

labotatory.)

Trestment 3

—_ b e o e —— e — - e —p— s A -— - —_

This was & control and the cubes were not treated in any way.

After the cubes had been treated they weee again weighed and

measured,
WHITE LIQUOR IMPREGNATION PROCEDURE:

The cubes were placed in separate 200 ec, crystalizing dishes,
130 ec, of the white liquor was added and the cubes were submerged with
glass weights. The dishes were placed in a homemade pressure chamber

and subjected to 80 p.s.i. of air for 30 minutes. The pressure chamber

s
¥ 1 13 L O N
AR AL S
w1
1

L

consists of a‘;,'lhinch di ameter pipe which was closed on one end, The

. ¢pen end was-Sealed by means of an iron cover, held on by bolts, and sealed

with a rubber washer, The cover had & valve stem apd a pressure gage,
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Fdiloﬁing the presesure treatment, the cubes were removed from the pressure
chamber, the white liquor was drained off and the cubes were blotted
free of the excess white liquor. The cubes were then rewelghed, measured
and split in helf, Each half was stained with phenopthalein and the

depth of penetratioﬁ of the white liquor waw measured.
RESULTS

The presteaming treatments discolored the cubes meking them a

dark greyish brown and emall blisters of pitch fermed over the openings

- +

R TP,
oﬁ;jhg-reein'éangls. There wes a small amount of swelling because of the
s@ﬁhq%ig %?gg%ééﬁip, but not enough to be of any importance, The pre~

tteaﬁinéfﬁiéa%mgﬁis raiged the moisture content of the cubes except in
Treatment 1 {120 p.e.1. steeming for 10 minutes) in which case the moisture

content dropped {see Chart I).

~The emount-of-white-liquor-picked-up-by—the -cubes-seemed.to
depend upon the moisture content of the cubes. For instance, the ovendried
cubes picked up 6 times as much white liguor &s the control, The control,
with a moisture content of 117%, picked up approximately twice as mch
liquor as the cubes with the moisture content of 134%, (Percentages are

based on the ovendry weight of the cubes.)

The depth of penetration of the white liquer varied inversely
with the moisture content of the cubes treated. The depth of penetration

ranged from 6 to 13 millimeters or from 50 to 100%,
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The white liquor, before being uséd in a treatment, had &
total alkali as Naao of 35.1 grams per liter. The white liquor used
in the control test had an alkali content as Hazo of 21.4 grams per
liter. The liguor from the stesm—treated cubes was approximately the
same a8 for the control. The total alkali for the white liquor

from the Nagcoj treatments showed a big discrepancy and were not

recorded,

CORCLUSIONS

The vhite kraft cooking liguor appeared to penetrate deeper
into the springwood than the summerwood, The presteaming and the

Fea 003 treatments of the cubes appear to reduce the penetration of the

white liquor; however, this might be due to the high moisture content
of the cubes, This point i3 brought out by the fact that the cubes that

were submerged in the water (Treatment 3) had less penetration of the

white liquor than those subjected to the other treatments., The penetration
of the white liquor for all the Na2003—treated cubes was approximately
the same, This indicates that the pE of the N‘aeco3 solution had I1ittle

to no effect on the penetration.

cp/me
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Project Report One dealt with preliminary experiments which

were intended to show (1) that prehydrolysis of chipse prior to kraft

pulping would reduce the objectiocnable mercaptan odor, (2) the effect

on pulp strength of the prehydrolysis stage, and (3) the practicadility

of treating the chips with an alkali to reduce the corrosion caused

by the low pH of the hydrolysis liquor,

-

"This report will cover several miscellaneous experiments,

some of which have no relation to the prehyirolysis work.

The laborstory Asplund mill was suggested as an instrument

= m e

for experiments in the rednction of tha kraft-odor-becamse.of the o

small ehip charge and short reaction time,

Several experiments were

made vherein chips were cooked in the preheater and defibrator of

the m1ll, the chemical being applied partly by presoaking and partly

by sdditien to the defidbrator.

Thess data Are shown in Table 1,

Onc experiment was made to determine whether the methyl al cohel

formed by hydrolysis of the vood, wonld form mercaptans if not voided

from the digester, Five cc. of methyl alcohol was added to a liter’

of kraft vhite liquer and held at 120 p.s,i. pressure for 28 minutes,

Ho mercaptap odor was apparent.

Q

“

\()b THE INSTRUTE OF PAPER CHEMIST
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fhe use of the Asplund mill was abandoned when it becaxs

apparent that the volumes were too small to allow an accurate judgment

of odor.

Cook 7 wao made with the pine chips described on psge 3 of
Project Report One as the rav material, The basis for this cook, the
conditions of which are shown in Table II, was to explore the theory
that the mercaptans formed by the kraft cooking wonld be present in
a gaseous form and could possidly be absorbed er voided in some manner,
A high wvater ratio was used and the digester was relieved continuously
from the cover relief line throughout the cook, The kraft odor was
strong vhen the cook vas blown, Cook 15 was a continuation of this
line of attack, However, in this case the top relief, which was

continuous, was condensed in cooled sodium peroxide acluticn. The

Telief products rednuced the peroxide to the extent of 160.97g. "The

cook had a very noticeadle kraft odor vhen bdlown,

‘ Cock 16 was made to investigate the role of the oxygen present
in the chip charge in the production of tho' merceptan odor, A charge
of chips was placed in, the digester and the cCover was dolted on,

A eylinder of nitrogen was attached to the digester and the pressure
vas brought wp to 65 p.s.i, by means of the gas, then relieved down

to 5 p.s.i, pressure. This operation was repeated three times.

The pressure was then breught up to 65 p.s.i. and left that way over-

night., The next morning the pressure had dropped to 10 p.s.i. It

vas raised to 65 p.s.i, and lowered to 5 p.s.i. twice. The same

—
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procsdure was used the svening of the second day and the morning of
the third day, The chemicals were injected imnto the digester while
the nitrogen pressure ineide the digester was at 25 p.s.1. Eitrogen
pressure was also used to inject the liguor. VWhen the liguoer wes all
in, the digester ‘pruanrc was reduced to 5 p.s,i, and cooking
proceeded, Cooking conditions sre shown in Table II, At 100° G.

the prescure wns sgain redunced to 5 p,s,i, V¥hen blown the cook had

& strong kreft odor, The pulp wes washed, screened, and yield wes

determined, The pulp was bester evalusted.

Several miscellanecus cooks vere run as follows: Cook 10
enployed four separate steamings of throe minutes duration at 120
p.0.i. sach, with relief $c 20 p.s.i, between steamings, in the pre- ’
hyirolysis stage, The top relief from each stemming was sempled

and tested for the precence of methyl alcohol, The test ahowed &

“““——surp_mdgg_{oiof methanol content, with the first relief being

T

relatively rich in the Mteriﬁd‘tfo"fonrth_nhowlgg enly a trace,
_-_M—‘--’—-h_-‘_‘——'*"“—- e

The pE of samples of bottom relief condensate at 5 minutes elapsed

e
—

steaning time and at tho end of the Aydrclysis were 10,4 ana 4,1,
respectively. The cooking conditions are deseribed in Tadle II,
The cooking chemicals were injected into the digester by the use of
air pressure when the digester pressure resched 70 p.s.i, after the

last steaming, A kraft ofor was apparent oz blewing, but 1% was not

strong,
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" <6ook 1] had the same cocking schedule as Cook 10, bdut contained
mere chemical, The chemical and water charge vere added the day preceding
the cook, and no prehydrolysis was attempted, The kraftodor was very

evident. No pulp was saved.

Cook 12 was a soda cook on pine chips, to aequaint the staff
vith the odor attendant to this type of cooking process, The pulp

from thie cook was discarded,

Cook 13 was similar te Cook & reported in Froject Report Onme,
However, more alkall was nsed in the pretreatment, the presteaming was
carried out for five minutes longer and a higher tempersture and some—
what shorter time at maximum tempereturs woere exployed. The cooking
chenicals were injected into the digester while a2t 70 p.s.i. pressure

from the presteaming. The pulp was not saved. The odor was distinctly

_— + ——

kraft in oh_;ractcr but not very strong.

Cook 1% was a typical kraft cook mede to refresh the memory

of the observers as to the odor noreally sattendant to the operation,

Coock 17 was nade with no relief at any point from the time
the cover was bolted on umtil the cook was blown. Prehydrolysis was
at 110 p.s.i. for 10 minutes, and 10 minutes from 110 p.s.l. to 80 p.o.i,
The liguer was injected and cooking proceeded as shown in Table II. This
cook wae designed to further prove the point that after the nethoryi
£TOUps vere changed to methanol they would net forx mercaptans if left in
the digester, The odor of this cook was considered to be almost entirely
free of mercaptans, Cook 19 was practicelly the same 2s Cock 17 except

that the pulp was screened and yield was determined.
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Cook 18 wes a prehydrolysis cook wherein two steamings of
5 ninute; at 110 p.s.i. pressurs were utilised, each time relieving to
sero presgure by top and bottom relief, The cooking liquor was applied
by removing the cover, This cook also had little of the true kraft

'smell,

Cock 20 was ancther demornstration cook without prehydrolysis.

No pulp was laveg. The odor was typically kraft in natura,

' ' Cook 21 was & prehydrolysis cook on mixed hardwoods, taken
from a supply on hand for use in Project 1393, The procedures were the
sepe ae for Cooks 17 and‘lb. The odor here was very unpleassant, having

what seemed to be a mixture of krafi{ and burat eugar smells,

-- "~0ook 22 was Wade 1A #n &ffort to determine the asount of alkalf
. which could be saved by removing the eondoﬁsate froe the prehydrolysis

stage. The procedure suggesteld was conetant relief frop top and bottor

of the digester during steaming, such s;oaning and relief to be continued
until the pH of the condemsate showed it to be neutral, A battery of
glass condensers was used to teke care of the top r;lief, and a large,
stainless steel, mltiple tube condenser with an asuxiliary glaas condenser
was used for the bottom relief, B;ealing wvas carried out at 110 p.s.i,
pressure over a period which totaled 3—1/2 hours, At t#e end of this time
the pE of the condensate showed it to bde still acetic. The condensate

removed was separated into three samples as follows:
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1. 7Top relief condensate for first hour of the stesming

2. Top relief for the remainder of the steaming, and

3. The bottom relief condensate
Semple 1 had & volume of 20,58 liters, a pH of 3.8, and & total acidic
equivalent of 0.1l g.ll. of NaOH, Sample 2 bad & volume of 25,7 liters,
2 PE of 5,3, and a total acidic equivalent of 0.02 g./1. of NaOH,
Samrle 3 had & volume of 18,12 liters, a Fh of 3.3, and a total acidic

equivalent of 1,8 g,/1, of HaOH;

After relief to atmospheric pressure the digester was opened
and the chips were found to be coneiderebly softened and gquite dark,
The chemical and water were then added and the chips vere cocked. The
alkali ratioc vas reduced from 25,84 NaOH normally used to 20.6% and a
typical kraft cooking schedule was folloved., The chips were poorly

T —————
—————
————

pulped so oniy eiibugh was screemed.to provide material for permanganste

P

nuaber determination, T e

Cook 23 was made to demonstirate the efficecy of the prehydrolysis
treatment in reducing the odor of a kraft cook on jack pine, There was

1ittle kraft ocdor, The pulp was discarded.

Cook 24 way an experiment wherein a perfume base vas used to
! attexmpt to mask the kraft odor, fThe cooking conditions employed were
those recommended for a project wherein wostern hemleck wna pulped by

the kraft process, and embodied & high temperature, low chemical ratio
cock, Ten cc. of "Ammomask” were added to the digester when charging
the liquoer. When blown, the kraft odor had overtones of the perfume,

and the mixture vas faintly reminiscent of the odor of skunk, The pulp
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before screening was highly perfuxed, but this condition 414 not exiet after

the screening operation., The pulp was very raw and was discarded,
DISCUSSION OF RESULTS

The Asplund mill wes found to be uneatisfactory as a vessel
for cooking chips by the kraft process to evaluate different means of
reducing the kraft cdor. The primary disadvantage was the small volume,

which made it difficult to evaluate the odor,

It ceuld not be demonstrated that copious relief during the
cooking process alleviated the odor the cook when it was blown,
Cooks 7 and 15 were judged to be little different in odor from straight

kraft cooks,

Apparently the air present iz the chips and in the interstices

betveed chips has 1ittle t6 do with the fo i‘iat'lro_‘i “o0f ‘mercaptams, Cook 16,

in which the air was replaced by nitregen, had the typieal kraft odor vhen
blewn. .4lso, the pulp was very similar i» strength charscteristics to
Cook 5, reported in Project Report One. The physical characteristics

of this pulp are showvn in Table III,
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PHYSICAL CEARACTERISTICS OF COOK 16

Sehopper-Riegler freeness, ccC. . 0* g£70
5 65
15 g45
30 665
50 330
10 210
Basis welght (2k x 36—500), 1b. 0 19,3
5 37.2
15 38.4
30 38.7
50 36.9
70 38.2
Caliper, in. 0 00
5 "ok
15 .0038
30 0036
50 .0032
70 .0031
Apparent density 0 7.6
5 9.1
15 10.1
30 10.8
50 11.5
10 12,3
Bursting streangth, pt./100 1b, 0 54
5 108
_ 15 148
—._.30 167
50 168
10 155
Teat factor . 0 k.33
3.6
15 2.9
30 2,38
50 1.95
70 1.8¢

* This colump denctes beating time in minutes,
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Cook 11, which wae & conventional kraft cock without pre-
hydrolysis did not show any advantage inm odor characteristics due to
presoaking the chips in the cooking ligquor for several hours, VWhile
the odor wes not particularly strong, it wes definitely of a krafs

nature,

Cooks 10 and 1€ mede with Eultiple steamings with relief

between steamipgs, 41d not seem to have any edvantage over cooks wherein

the prehydrolysis was carried out using & single uninterrupted stennm

troatment, The odor was still faintly that of a typical kraft cook,

Prehydrolyeis t reatment vithout aay relief before adding the
cooking chemlenls teemed to be the best treatment as far as alleviation
of odor was concerned. Cook 17 was thought to be practically free of

mercaptan odor, .

e e
—_—— —— L

\

—— .

The prahydrolysis treatsent spparently wes as suééeasful en
Jack pine as on southern plne. Cook 23, when pulped in this manner hmd

no appreciabdle kraft odor.

Hardwoods, hovever, prodably pose & different probdlem,
In the experiment carried out in this phase of the work, Cook 21, a
prehydrelysis kraft cook on mixed hardvoods, ghve & very obmoxious odor,
¥hile it wvaa probable that the mercasptan odor was either absent or
masked by the other odors, a very unplessant smgll whiech was likened
to burnt sugar wes predominant, This may be dus in some part to the

lack of the pine oils and:suppsttdne cdors which may mask a similar smell

T e e e e
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in a cook on pine,

A soda cook on southern pime (Cook 12) indicated that 1)
the odor of a prehydrolysie plus kraft cook, while differing from a
conventional kraft cook, did not have the same emell as a soda cook on
the same species of wood, and 2) even vhen no mercaptans are preseat, a
cook medé with a strong alkall as the cooking agent will have a typical,

unpleasant odor.

Cook 24, wherein a psrfume base vas added to the chemieals,
did not entirely discount this means of improving the cdor of & kraft
cook, Some observers were quite poesitive that a definite improvement
was shown, The particular base used, "Ammomask,® a product of Dodge and
Olecott, Inc., has a very tenacious odor which existed long after the

kraft smell disappeared,

—— [ e e e 4 e v e e e - i bt e -

Yrom the resulte of Cook 23, u uom unlikely that Iny

T e i e L 4

- appreciable saving in alkali could be m.mod aclds freed

by the hydrolysis treatment completely removed from the digester before

-. treatment. After hydrolysing for 3-1/2 hours and the removal of 644

) only 28. 76 g. on the basis of a digester charge of 5633 g, (ovendry basis)
of chips and a chemical ratio of 25.8% EeOH, this ameunts te 1,98% of

the chemical used, or 0.51% chemical on the basis of the wood.

Cooks 7, 9, 10, and 19 vere the only cocks pertinent to the
prehydrolysis study wvhich were evaluated for yield and permanganate

number. From these date (see Table III) i*ppelrl that at a permangpnate

A

e
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number in the raage of 20+3, & loss of about 5 to 7% of screened pulp

would be expected were prehydrolysis utilized.
CONRCLUSIORS

The following might de concluded from the foregoing data:

1

1, Constant relief of gases from the digester during cooking
4id not alleviate the kraft odor.

2, Replacement of the air in the digester by nitrogen did
not produce any noticeable éininution of the mercaptan odor when followed

by a kraft cook.

3. Presoeking the chips in the cooking liquor for several
hours prior to pulping was apparently not suocessful as & means of allev~

iating the mereaptan odor,

—4,—Addition _of_a_perfume base or some other masking material

—————

to the cooking chemicals in a kraft cook showed some merit.

5. Variations in prehydrolysis procedures seemed to indioate
that the best results 4n sdor allevistion are obiained by an unbroken
steaning interval with no relief at aay point, the cooking liquor being
injected against\tho residual steam pressurs,

6. Little saving in chemical consumption would be realiszed
by elimination of the wood acids relsased by hydrolysis with ﬁigh

presgure bteam,
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7. Prehydrolysis is effective as & means of reducing the
mercaptan odor in the kraft pulping of jeck pins,

g, Hydrolylill 8y possibly reduce the merceaptan odor when
used a8 a pretreatment in the kraft pulping of hardvoods, but the effect
is nin.inized by tte burnt suger odor caused by the steaxing, Perhaps the
i latter odor could be pertially eliminated by variations {n the steaming

procedure,

; 3. To date prehydtolysis in Xraft pulping bee shown some
dimirution in mercaptan odor, but enough residual odor is present to be
objectionable,

10. Prehydrolyeis treatment eaused a merked decresse in yleld

of pulp.

| ——

T
\

Ip/me T
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PIFAL RYPORT ON THE WORE DOKE ON THE ERAFT ODCR PROELEM

In the cooking of wood, particularly hardwoods, & bad odor is
produced whichk is caused by the formetion of methyl mercaptan, CHBSH,
and probabtly other vclatile orgenic sulfur compounds such as dimethyl
Suifide, (CH})QS, and, quite possibly, hydrogen sulfide. The liberation
of bydrogen sulfide, of course, vfll depend on the final alkalinity of
the black liguor. Becaunse methyl merceptan 1s a much weaker "acid® than
hydrogen sulfide, it is much more readily relessed from the black
liquor on heating or by the action of carbon dioxide in the air. Dimethyl
sulfide has mo "acid" properties at all and, therefore, is not combined
by the alkali. On account of its low boiling poimt {38° C.) it 1is

readily relessed into the air wher the digester is blown or when the

FORM 73

va;;_giack liguor is exposed to the open alr.

Since it had been estahlished that woletile organic sulfur
compounds are responsible for the btad odor of kraft cooks, the question
arose as to what ia the cause of the formation of these compounds, or
from what do they origzinate. Methyl mercaptan and dimethyl sulfide,
under the conditions of the kraft cooking process, can be formed only
bty the interaction of hydrogen sulfide or its salts with methyl groups
in their nascent state. Suck methyl groups can be formed only by a
hydrolysis of methoxyl groups precent in the weod. Coniferous woods

contain as a rule about 4.5% methoxyl as determined by the Zeisel method;

\wr | THEINSTIUTE OF PAPER CHEMISTRY ¢
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desiduous woods are higher in methoxyl and run betweern 5.5 and 6.5%
The greeter part of the metkoxyl in wood 1s corbired with the lignin.
If the methoxyl of the wood were entirely attached to the lignin, the
methoxyl content of coniferous lignin should be arovnd 18f—-thet of
deciduous wood about 28%. The actual methoxyl contert of comiferous
1ignin is found to be 14.,28f-that of deciducus lignin about 20-21%.
Thig shows thet 8.10% of the methoxyl in conifers end almost 15% of
the methoxyl in hardwoods are ccrtined in the woods to componerte

other than lignin.

For a long time it wes the unprcven belief that the ligmin
1s responsitle for the formatlor of the bad odor in the kraft cooking
precese. However, it was found in the lignin work at the Institute
zeny years ago that isolated lignins-—e.g., Willstktter (hydroehloric
acid ligrin) and Freudenberg lignin (cucxam ligmin)a—, when heated

~ - ———-_with sodlur hydrogen sulfide under the conditiors used in the kraft

e e e e e e

cooking process, are dissolved, giving so-called "thiolignins® with
the same methoxyl content as that of the original lignin, taking
into aceount the entrance of the sulfur into the lignin molecule.
In other wvords, no methoxyl groups were split off from the lignin.
It ie not surprising, therefore, that asuch a "lignin kraft cook"

doee not have the unpleasant bad odor of a wood kraft cook.

Although thie otservation had been made repestedly during
the lignin course werk and in the preparation of thio hydrocklorie

o acid epruce lignin, another series of exgerimental kraft cooks wes

n

e —— e —
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by

carried out with different types of lignins in order to substantiste the

earlier claims.

In general the cooks were carried out as follows: %The ligmnin
wan mixed with adout 10 times its weight of a kraft white liguor composed
of 20 g. sodiuw hydroxide and 31 g. sodium sulfide nonshydrate in 200 cc.
weter and the mixture heated in an autoclave at 170-180° C. for a period

; of 2 hotrs. The bomb was then cooled and opened and tested immediately
for its odors There was no discoloration of lead acetate paper and no
odor of a typical k2aft cook from either the cold or the heated black
liquor. In all cases the lignin was completely dissolved, giving a
dark reddish brown soluticn from which, upon acidificaticn, the thio

» ' lignins precipitated in the well-known manner,

The following lignin preparations were subjected to a kraft

. cook: hydrockleric acid (Willstastter) spruce lignin, hydrechloric

-t b o o

acld aspen lignin, native spruce lignin, and cuoxam (Freudenberg)
- '- spruce 11gnin. 1In ell ceses the lignin went into eolution and no
odor resembling a commercial kraft cook could be detectsd. These

results confirmed the previous obsarvations.

After 1t had Yeen established that the bad odor of a kraft
cook 414 not originate from the lignin, a kraft cook was carried out

with slash pine heleccellulose. Here, too, ?p Efaft odor was formed.
AT o ¢’
;‘th}uu, FTAY 48 /WAZ'(&{J 7
Cooks with pre.extracted aspen wood with a "synthetic® and a

commercial kraft coocking liguor gave normal pulps, but no odor of a

typical kraft cook could be detected. Because 1t had been intimated




-l

#gft that the mercaptar and other volatile sulfur compounds are the result

; of a reaction between methanol and the cooking liquer, a cook was
carried out to which methanol was added before the cook, but here, too,
not a trace of the odor of mercasptan was found. A cook of the

resinous extracts obtained with alczhol or benzene-alcohol with a
cormerclal kraft cooking llgquer di& not predvce a kreft odor. On

the other hand, vhen a emall amount of pectin, which is knowr to possess

methyl ester groups, was added to extracted aspen wood and a kraft cook

wag carried out 2z slight odor resembling a kraft cosk could be detected.

ptrde

e e e e e o ———— e e it i e e e
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Several approaches have been investigated in an attempt to

alleviate the odor normelly attendant to dlowing a kraft cook, This report

will deal with the work done to date and will include the writer's

observations as to the odor, yield data from several cooks and some stremgth

data,

The majority of the work has

been besed on the theory that 1if

the methoxyl groups in the wood were hydrolyzed to methanol, the objectlionable

mercaptans would not be formed,

Some work has been done in an attempt to

determine the feasibility of treating the vapors as they are formed during

the e¢ook,

One cook was made wherein th

replaced with nitrogen before cooxing,

The first cooks were very exp

e alr in the digester and chips was

loratory 2nd the wood used was

chipped, unbarked southern pine, which happened to be available, ¥o

attempts were made to obtain yield or strength deta on the pulps, Pre-

hydrolyzing and cocking data are shown in Table I,

In Cook 1, the chips were prehydrolyced in a digester equipped

for direct steaming, thenm transferred to another digester for cooking. The

steam was relieved rapidly at the end of the steaming period.

Since this cook gave an indication that prehydrolysls was deneficial

with regard to odor, the next step was to determine whether the natural

,,THE INSTITUTE OF PAPER CHEMISTRY
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wood acids formed By the steaming operation could be neutralized to eliminate
corrosion in iron digesters. Cook 2 was the first of these experiments &nd

was performed in the game manner as Cook 1, except that the chipe were

impregnated with sodium hydroxide the day before the cook,

Cooks 3 and & were deviations from the trend of the cooking
operations made to give bases of comparison, In Cook 3, the chlps were
impregnated with a weak sulfuric acid liquor the day before cooking, and

Cook 4 was a regular kraft cook, In both, the kraft odor was strong. i

Next, a series of pre-impregnation tests was performed wherein

. prehydrolysis only was carried out, The efficacy of the treatment was
é%%§ Judged by the pH of the condensate at the end of the prehydrolysis and by
45
1§§§; the odor of the relieved steam, EKraft liquor and soda ash were the chemicals

Ry applied in the pretreatments and the results are shown in Table I,

J‘{,f At this point, a supply of typical wood for kraft pulping was
) ;‘k." o desir;d, and Qix'h-ft: seaéoﬁ;& fal;a_of.ﬁgelod 1oh131i§'§1£§‘;3§3'EEi;ﬁZ&“""'“‘"’_
i;?% to a nominal 3/4-ineh length in the laboratory chipper, The chips were
%%; screened on a 4-mesh screen, hand sorted for large kmots and slivers, and
? bagged in equal-size digester charges, Moisture samples taken at the time
%i of bagzing determined the ovendry content of each charge,
7
.ﬁi A series of prehydrolysis experiments was made on the new wood
é%‘ wvithout following each with a c¢ook. The conditions for these operations

and the results in terms of pH of the condensate at the end of the steaming

period are shown in Table II,

—

-
.
3
b
3

. ’-‘P\,’
i

ik
4




3,

:..‘5.11.\..44

s

LJ
¢e..-

February 16, 1949

Page U4

Project 1395

iy \nﬁ‘u

Wa:}d

8%g juteL
PII09 ‘fouiy PLAO8 ‘ALeUlq

9°s

94
02
¢E°9
014

{d 59 ewug
0'e
€ootex
hd

S°H OR

0°g

6g* 4
02

L°0T
() el

‘utw 22
euy] Te30%
1ds0ox8
24 8% smeg

»+0°9
«3JOIY
£d

S°H oK
praoe ‘feoutg

§L°9

rAl
174

0°8
(4] ol

*wedo eplA Jeyiea woj
-30Q W3TA “UiW 7 388]
*ugpm oz 03 *T's d QT
a0 4
wlJeI1y
Zd

$%H

12EL

o

*JerTex o
-cﬂ mog QN
*1°8*'d oJeg

‘ugm QT X037

OU

ON
Wonﬁm

.
N0

1
_—— N —

38 Tpeumy
1,0% Wee3g
oa Jotted

ﬁ s*d oz1

N

@pog

SLNERTEAAYXE SISXTOYAIHTEL

1T @1dva

wgngwwt

A ¥

d

tat Js

-d
.

HOBH 8Y  ax
geTCE £ITPTITNS =

9198U8PUOD JO JOPQ

sdiyo pezf1oapiy ro
woTsnIFTp Je3eM peTTIieTp yo mA

o7dwes 38wy Jo pd
*utw ‘oydwes 38W1 JO BWYL

erdwes 3817y Jo gd
‘ugm ‘pidmes 48XTI FO ewWy]

:Jup1dmes e4wsUEPUOY

eoTnpeyoe sislrorpliuelg
*ag ‘owi) Suiywoseld

% ‘opsea TROTWOUDH
juemqveI1s6xd TeoTwWeYS
susmy.Iedxy




7'!‘4-‘:!5:.-
i
LS

e
A

2 r S
-

Lyer s

’:Hr:" e
e I

Projeet 1395 . .
February 16, 1549
Poge 5 ;

Cook 5 was made as a bageline ocook without any pretreatment,

Cooking conditions, product variables, and pertinent observations for Coock 5

and subsequent cooks are shown in Table III, Cook 6 utilized baseline

e
Eifg'% conditions except for a pre-impregnation of the chips with NalE, and
‘ég prehydrolysis, Both pulps were washed, screened, and yield and permangansate
é}; nunber were determined.
K
éﬁé. Cook B was made in the same way as Cook 6, except that 5% ective
%ﬁ% alkall as NaOH was applied to the chips as an impregnation with kraft
%§§ liquor, In the cooking operation the active alkali was cut back 3.9% on
' the assumption that the chemical applied in the pre-impregnation stage had
; f‘i satisfied some of the chemical demand of the wood,
7
;3?%& Cook 9 was similar to Cooks 6 and 8, except that there was no
s pretreatment of the chips, The top relief from the prehydrolysis was
? condensed and tested for the presence of methyl aleohol, Samples of the
botton re}igf condensate were slso 8o tes@pd. Only the top relief
%@ indicated the presence of the alcohol,

7

fhe above seriles of cooks was beater evaluated according to
Institute Methods 403 and 411, Strength data are included in Teble IV

and are compered in Figures 1-3,

In Table ¥V, an abridged analysis of the data in Tables III and IV

and Figures 1, 2, and 3 may be seen.

In examining these data, it should be remembered that the degree
of cooking was somewhat greater than would be used by many southern kraft
mills, Also, further work should be done at constant permanganate number

and also at constant yield, if that is possible, before many conclusions

) )
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TABLE IV

PEYSICAL CHARACTERISTICS OF PULPS

DESCRIBED IN TABLE III

Cook

Schopper-Riegler freeness, cc,

Basis weight (24x36--480), 1b,

Caliper, in.

Apparent density

Qn

5
15
30
50

0

5
15
30
50

0

5
15
30
50

0
5
15
30
50

"~ Bursting strength, pt./100 1b,

Tear factor

0

5
15
30
50

0
5
15
30
50

4,58
3.40
2.45
1.90
1.47

Project 1395
February 16, 1949

Page 7

6 8 9
890 890 870
865 880 880
835 860 850
625 660 690
320 290 475
38.0 39-5 h'oﬁa
37.7 37.4 38.6
38.5 38,0 38.0
38.4 38.1 38.9
34.9 38. 37.7
.0052 .0052 0054
L0043 L0043 .00k
.0038 .0039 .0038
.0035 .0036 .0036
.0030 .0033 .0032
7.3 7.6 7.6
8.8 8.7 8.8
10,1 9.7 10.0
11,0 10.6 10.8
11.6 11,7 11.8
Ul 55 39
91 103 87
142 146 138
163 165 156
150 175 171
3.05 4,48 3.55
4,03 3.56 5.00
2,83 2,63 3.45
2,45 2,15 3.03
1,98 1.76 2,31

* This colum represents beating time in minutes
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are drawn concerning pulp strength,
CONCLUSIONS

Becamse of the limited amount of data reported herein, ne definite
conclusions can be drawn, There are indications that prehydrolysis may
- decrease the intensity of the odor, reduce the yleld, increase the power
required for refining and improve the tearing strength of thé pulp, If

«<. there is an improvement in dbursting strepgth 1%t is at lowsr freeness values

than are normally attained on such puips,

e e e e e e e e — e e o o ae = — o = e - - e i —t e o ——————
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INTRODUCT 10K

fhis portion of project 1395 was concerned with the oxidation

of the liguor in a kreft mill which would ordinarily go to the evaporators.

Dr. Ereas proposed to study the oxidation of this liquor by passing it
dovn & column with a ecountercurrent of (1) air, and (2) air plus carbon

dioxide.

EQUIPMENT
A Pyrex tube epproximately ¥ inches in diameter and 36 inches

in length vas packed with 6 x 6 mm, hacma/rings. _Alr wae introduced at

-the bottom of the column through a-sintered glass funnel, and the liqusr

—_———— e e L

floved out through a trqs_v,d;uigied to'prevmt any passage 6f.a.ir_ 91; the
top of the column scrubbers were provided to emtrap any hydrogen sulfide
gas emddating from the oxidized soclutien, and the sodium sulfide splution

vas introduced at the top of the colum,

Ten liters of sodium sulfide solution were prepared dy diluting
a 35-gram/liter solution found im the Pulping Laboratory. The original
grems/liter content wvas never ascurately established due to the fact that
suitable analytical techniques were not used at the beginning of the

experiment. However, on titration with hydrochloric acid to the phenol-

phthalein and methyl orangs endpoint, a value of 13.7 grame/liter was obtained.

0 O
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Phe passage of air upward through the column was calculated to be
approximately 50 ml./sec. or 3000 ml./min. %This figure i8 strictly

an estimate and no accurate measurement was made due to the fact that
the experiment was regarded as being merely quﬂitativo. The sodium
sulfide flov wae adjusted to approximately 2 liters/hour. The oxidized

sodium sulfide solution was collected in & large bottle.

METHOD OF AKALYSIS
At firet it was thought possible to analyse for sodium sulfide

by & direet titration with hydrochloric acid to the phenolphthalein and

methyl orange endpoint. However, after several analysee had been made,

it became obvioue th.at the nethod was not a.pplicable on oxidized sodiun

— - — - - —_—— e s ——— A e - - —

sulfide solutiona sinco the analynes 1nd.1catod that more sodium aulfide
vas present after the oxidation--which is of course impossidle., There-
fore the evolution technique (Institute method 109, page &) wae employsd.
In this method l;;drogon sulfide i; evolved by the addition of sufficient
hydrochloric acid to adjust the pH to 4.0 and absorbed in a solution of
standardised lodine and titrated against sodium thiosulfate. The

analyses obtained by this method appearod to be logical.

FXPER I MENTAL
¥ith the sodium sulfide passing through the columm at & rate
of approximately 2 liters/hour, two experiments were carried out, In

the first experiment air plus carbon dioxide was introduced irn the bottom




— £
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of the column in the ratic of 6 carbon dioxide to 1 air, Hydrogen
gulfide wae immediately given off and irapped at the cadmium eulfate

gerubber, but otherwise this oxidetion proceeded without difficulty.

-In the second experiment the sodium sulfide solution which had been

exposed to the air plus carbon d.‘.‘oxide pixture was oxidised with alr,
alone. On analysie by the evoelution technigue, the original pat erial
was found to have 13.3 grams/1iter of sodium eulfide. The mat erial

which had deen oxidized with the mixture of carbon dioxide i)lns air
contained 9.8 grams/liter sodium sulfide and that material, when oxidised
with air elone, was reduced to 6.0 grame/liter sodium sulfide., Quall-
tative observations dnring the oxidation indicated that even though the
air oxidstion vas continued for 3 'hom:s as against 1 hour for the ocarbon

dtoxide plus air experiment, the latter oxidation ylelded spproximstely

~—-g-¢{{@se as much hydrogen sulfide-as-4id the former,- - ———— --—-- T

Another experiment was performed by eimply bubbling air through
a fritted gae disperdien tudbe into & bottle of sodium sulfide solution.
Eydrogen sulfide vas obgerved m&‘ating from the bottle. Unfortumately
the analyeis of this oxidized material was done by titration and the

resulte could not be regarded as valld,

CCHCLUSICR

Apparently from this one spot experiment sodiun sulfide solution
can be oxidized by passage through a colusn of extended surface vith a
countercurrent of alr. Eruﬂt would not appear feasible to use flue gae

in an oxidstion of this type duve to the production of huge quantities of

*on TN
R ol T




