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PEEPARATION OF ENZYMES CAPABLE OF CONVERTING MANNOGALACTAN
HUCILAGES FOR USE AS TUBSIZING AND COATING ADHESIVES

INTRODUCTIONR

It has been shown that converted mannogalactan mucllages can
be made which possess properties desirable for tubsizing and coating
adhesives (see Reports 1, 5, 6, 9, 11, and 13). The methods used to
convert or reduce the potential viscosity of these products-——namely,
chlorination, acid hydrolysis, and dextrinization may be somewhat un-
economical at the present price of the mucilage and therefore, a
cheaper method wds songht, which might find immedfiate use. This led to
an investlzation of the poseibilities of using enzymes in a manner

similar to that used by the industry for conversion of starch for tub-

‘eiziﬁg} calender sizing, and coatiﬁg‘adhesives.- The feasibility of .

using enzymes for this purpose was shown in a preliminary way by the

work of Report Six iz wihich the enzyme of sprouted guar seed was used.

A number of commercial enzyme products were tried as convert-
ing agents for the muellage, Most of these were found to be inactive
in the presence of mannogalacten and the few which promoted an active
hydrolysis did so only when relatively large amounte of enzyme were

nged, ° The high prices of the active enzymes precluded their commercial
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use, Amongz those tried may be mentioned Katozyme, Clarase, Sizyme,
Takadisstase, Amyliq, Vanzyme, Liquidase PL-100, Engyme 1275 (Takamine),

Pancreatin, Diastases A and ¢, and pectinols A, W, and M,

To the best of our knowledge, no commercial engywe is pro-
duced in the United States for the express purpose of converting
mannogalactan mucilages. There are indications in fhe literature that
at least cne is or has been on the European market.* Thie product le
mede in Switzeriand and is called "Helimol." It is said to be made
from germinated mannogalactan contelining seeds and is very'active.
Algo some mention is made of another source from snails but this ls
probadbly not a commercial product. The available literature has beexn

reviewed in Report Six,

The above information led to attempts to produce the neces-

sary enzymes from organisms in a manner similar to that used for manu-

Comnercial starch hydrolyzing enzymes are obtained from three
principél so1rces—~namely, bigher-plants (mostly seeas), microbes, and_
animal glands., A wide variety of amyleses may be obtained from these
gources and they differ considerably in properties such as thermostabliity,

type of hydrolysis, and optimum conditions of action.

The use of guar seed as a source of epzyme for converting

mannogalactan mucilage would necessitate the germinatlion of considerable

* Taglisni, Melliand Textilberichte, 11, 458(1930).
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quantities of seed and may be uneconomical at the present time unless
quantities of cull seed were available. Animal gland enzymes did not
. appear promising as revealed by preliminary testing of the comme;gial__
products. The remaining source--namely, microbes appeared to invite
investigation inasmuch as a wide variety of enzymes may be obtained
from various organisms, Murthermore, the starch conve}ting 6nZYyMmes
cbtained from certain bacteris appear to be of a particularly desirable

type. The experiments of this report have therefore, centered around

this source for producing manncgalactan converting ernzymes.
EXPERIMENTAL
Preliminary Experiments with Mold Engymes

It seemed reagonable to assume that organieme capable of
existinz on mannogalactan mucilage as a substrate might be found cling-
ing to various seeds of this tjpe. On this basis several varletjes of
geed were placed in crystallizing dishes, dampened with water, covered
with watch glasses and placed in an oven at 37° C, After six days most
of tke germinating seeds showed evidence of ‘mold growth but orne inm
particular, flame tree seed, appeared to pospess the best growths.

There were predominantly two colored types of growth present, a greenish
blue mold and & dark brown mold., A comsultation with Dr. Appling was
held which resulted in hie removing some of the spores of each type

end transferring to malt-agar slants. After repeated subculturing of
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the spores, the types appeared to be relatively pure and were then
treneferred to 5% mannogalactan slants made from guar G4-2. Two days
later the tubes were observed and the organismg were growing and
appeared to have liquified a shallow layer of the mannogalactan. OCme
tube of each organism was mixed with a sterile loop in order to deter-
mine whether or not gufficient enzyme was present to liguify the entire
slant. After two hours, the entire slant in both cases had been liquified,
The contents of these tubes were centrifuged and one-ml. aligquots of
the supernatant liquid were mixed with fresh 5% mannogalactan slants,
Within two hours, the extract from the brown mold had liquified the
substrate. The green mold extract did not appear to be as potent dut
a considerable part of the mucilage had liquified. Further work with

the green mold was discontinued in favor of the brown species,

Larger enzyme cultures were next msde by adding 120 groms
of 5% cooked Gli~2 mucilege to one~liter Erlenmeyer flasks, sterilizing
and 1noculatiné with & sterile water suspension ofhthe g}own mcld
spores., These cultures were incubated at 30° C. After four days, the
entire substrate had been 1igquified and the 1lguid was poured off and
centrifuged., The enzyme activity was found to be easlly as potent as
that present ip the test tube glants. Attempts to concentrate the ex—

tract by acetone preciplitation and vacuum distillation were not success—

ful. Serious inactivation occurred in the former case and persistent
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foaming prevented the latter procedure although this was overcome in
later experiments., The next problem was to devise a more accuraie
method .for measuring the relative.enzyma potency.. —_ - - .
DEvelopment of a Method for Ivaluation
of the Enryme Potency

Since vlscosity is a prime consideration in the conversion
of mannogalactan macilages for tubsizing and coating purposes, it seemed
expedient to use a viscosity methoed for measuring enzyme activity.
During the early stages of the problem, it was believed that boric
acid would probably be detrimental to ensyme action and the borax
method of cooking seemed undesirable. Considerable difficulty has been
experienced in cooking the guar mucilages without borax because of
doughball formation. Doughdalls would be expected to influence the
viscosity determinations so it was decided that locust bean gum would
be used for the substrate since no such difficulty occurs with this
ﬁhcilage. Numerous experiments regulted in the following procedure

for locust bean gum.,

Method of Cooking

Ten grams of locust bean gum were added with stirring to
1500 ml., of water in a tered 2-liter beaker. The temperature was

raised rapidly by direct steam injection to 90-93° C. during seven
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minutes time and then held there for 5 minutes. The mixture was diluted
to 0.5% mucilage, placed in two, two-liter flasks, welzghed, and auto-
claved at 1207 G. for 30 minutes with additional water and four 5001l
Erlenmeyer flasks equipped with rubber stoppers. After sterilizatiom
the muclilage was brought to 0.5% concentration again with sterile water,
poured into sterile flaska, stoppered and allowed to stand ét TOOm
temperature until used. The viscosity of mucilage prepared in this
mannsr remalned constant for severzl months and the seme viscosity
within 2 or 3 seconds could be obtalned from batch to batch when the
time intervals of heatlng, stirring and autoclaving were held con~
stant. Particularly important is the time of stirring from the time
the mucilege is added until the temperaturs reaches 90° ¢C. Apparently
there ie sufficlent native enzyme in locust bean gum to change tﬁe

vliscosity. The major part of this engyme is inactivated at 90° C.
Procedure for Measuring Enzyme Activity o

One hundred grams of 0.5% locust bean gum were weighed into
a 250-nl, Erlenmeyer flask, Then 56.6 g of watér and 0.15 mlT of *
1% acetic acid were added and the flask was placed in a water bath at
30° C. After 15 minutes, 10 ml. of 0.5% enzyze solution (0.5 ml. in
100 ml. of solution) were added and a clock started. Then 10 ml. of
the mixture were pipetted rapidly to an Cstwald viscometer at 30° C.

and viscosity measurements were made at 10, 20, and 30-minute intervals.
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A blank without enzyme was run in each of the viscometers in order to
obtain the viscosity at zero time. The difference between the viscoelty
of the enzyme solution and water was insignificant in most cases. The
viscometers were chosen so that the constantswere as nearly the same as
poesible, In the later work, the viscometer times of outflow with
10 ml. of water varied from 4.28 to U4.36 gseconds. Since no mathematical
relationship between enzyme activity, concentration and time has been

worked out, thus far, the activity has been tentativelymeasared as the

per cent of the original viscosity attained in 20 minutes time at 30° C.

A consideradle amount of difficulty was experienced when guar
macilages such as Gli-5 were pterilized by the above technique. Guar
appears to be more heat labile than locust bean gum and therefore, the
viscosity of the autoclaved ﬁucilage was much too low for measurement
purposes-~deing about 58 seconds at 0.75%. Adjustment of the pH to the
neutral point did not seem to prevent this breakdown.' The viscosity

from bateh to batch did not check very well and even after sterilization

the viscosity continued to change from day to day. As the work progressed

"and it became necessary to use a guar mucilege for determiniag the

activity, it was found best to cook fresh batches of G4-5 each day and

check the viscoslity in both morning and afternoon.

G4-H mucilage was also found to be quite heat labile and

attempts to sterilize th;s mucilage were unsuccessful., However, the
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purity of this product enabled the use of a sixmpler procédure which was

found to be quite suitadble.

Ten grams of GY~H were sifted into 1500 ml. of distilled water
in three minutes. Steam was injected and the temperature raised to 93° ¢.

in 2 minutes where it wag held for 10 minutes. The mixture was diluted

to 0.5% concentration and poured into clean, dry 500-2l. Erlienmeyer
flasks and stored at room temperature. The viscosity of this material
remained constant for 2 to 3 dayse.
Preliminary Experiments with Pectinol W. and
Several Acetone Preclpitated Enzymes

Qualitative experimente had indicated that Psctinol W enzyme
(ROhe and Haas) acts fairly rapidly on locust bean gum when used in
rather large ameunts., The experiments of Table I were an attempt to
determine whether or not this enzyme could be used in commercially

- - - feasible quantities for converting purposes., The work showed thgp

Peetinol W probably is not sufficlently active to be used comnercially,

More precise determinations of ‘the activity of the several
mold enzymes which had been tested earllier were pot at firet very en=-
couraging ag shown in Table II. Concentration of the enzymes by acetone

preecipitation or evaporation with atarch seemed to seriounsly inactivate

the products, It was decided that further work would be done with the
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COMPOSITION OF NUTRIENT SALT SOLUTIORS
HEFERRED TO IN TABLE III

¥o. 1: g+ NaoHPOL-12H20
g. KC1

g. FeSOy

r to make 1000 cc.

¥o. 2: 2.5 g. FaoHPOy*12 HZ0
1.0 g. MgsSQp7H0
1.9 g. ECL
Water to make 1000 cc.

No. 3: g« NaHPOY°12 B0
g. (NHL)2504
g. MgSOy.THO
g+ EC1
2 g. CaCls (anhy.)
+05 g. PeSOL°TH20
0.95 g. MnCla*4HZ0
e 77 " Water to make 1000 cc. - .- .. . .
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1iquid enzyme as isolated from the culture by centrifugation. It was

soon found that the activity of these preparations could be maintained

for periods of several days if they were kept saturated with toluene

and placed in e refrigerator at 10° (.
Experiments with Bacterial Enzymes

During a serles of experiments with an old culture of the

Brown mold, a new organism began to grow at the expense of the mold.

It seemed to possess a rather potent enzyme and further experiments

were made to determine its source. It now appears that the mold cul-’

ture was contaminated with an unknown organism. Upon adding peptone

and certain nutrient salts to the mucilage substrate, the new organism

growth was exceedingly prolific and the enzyme potency of the ceniri-

fuged liquor was particularly outstanding. Addition of peptone alone

to the locust bean gum gave an increase in enzyme potency dut the

nutrient salt mixture increased- the potency many times,.see _Tadble IV. .

Purther experiments with the original culture of pure Brown

mold gave evidence tﬁ;t if. tss-wé; contamfﬁated with the new orzanism

and therefore, a pure mold had never actually been used. The lack of

proper nutrient materials had probably heretofor prevented rapid growth

of the contaminating orgerisms.

Mieroscopic examinaticn of the enzyme cultures showed what

appeared to be a mixture of bacillus type organisms. Mr. MeCoy of the
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microviology department made streak cultures of enzyme culture No. 3
on nutrient ezer plates ettempting thereby to isolate colonles of the
various organisms present.. Following this, a determinstion of the
orgenism responsidle for the best enzyme production could be made. As

the isoletion proceeded, it became evident that the original contaminant

414 not consist of & large number of organisms bu% rather very few,

Inoculation of a locust bean, peptone, salt substrate was made from a
plate culture of the origlnal enzyme culture No. 3 and called No. 18.
This culture (No. 18) showed very potent enzyme activity, see Table VI.
- As further purification of the unknown organlem took place, it appeared
that about five types of colonies were growing. These were transferred
to nutrient agar slentes and thelr relative enzyme potencies were deter-
mined by growing upon locust bean gum, peptone, and nutrient salt mix-
tures. These experiments are given in Table VII, where it is evident
that the orgenisms developed at sbout the saze rate, produced the same
enzvme potency -and destroyed the enzyme at spproximately the same rate.
There may be some question sbout the No. U4 organism but this has not
- as yet been checked. These facts indicated that the 5 typee of co%onigs
may be variants of the same organiem. Mr. McCoy could not distinguish
between them by staining technigques or nutritional behavior and subse-
guent testing of the enzymes produced have not indiceted significant
differences. Until such time as the organism can be iderntified, it will

be called Bacillus X. The steps teken in the isolation azre given in

Flow Chart I and the description of colonies are in Table VIII.
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Enzyme

Yo.
29
30
31
33
34
31

38

39

41
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EXPERIMENTS WITH SEVERAL AFPARENT VARIANTS OF
BACILLUS X ON LOCUST BEAN GUM

37° ¢

Incu-

Substrate Inoculant bation

Comp. Type of Time

No. Bacillus X in hr.
3 Var. No. 2 24
3 Yar. ¥o. 5 24
3 v&r. Nou ]4 Eh
3 Var. No. 3 24
3 Var. Fo. 1 24
3 VYar. No. 1 24
L5
3 Yar. No. 2 24
U5
'3 " Var. ¥o. 3 2k
b5
3 Var., No. L 2l

. . -u's___-.
3 Var. No, § ol
15

o ; ;‘- ‘Z%L'; ‘3“‘( I ,'Q-r 3 g ﬁiﬁ’%—ﬁ%ﬁ;
: i

TS

pH of
Enzyme
Liquid
6.48
7.1
6.0
6.35
6.5

6.6
35

843
6.5
g.u

“ = T AT
R .Ema"*%tq»g¢~.' :

Ex.
No.

123
12Y
125
126

127

125

132
L3
139
15k

140
145

1L1
146

Brzyme

Added

on Gum
10
10
10
10

10

LS RN 1] N

wun AN IR ] \ALVRY

,,

nan R iun (S 1281}

pH

5.12

5.35

5.22
5.20

5,20

Wi
[V —
(&3

20

- -
M\H A
% o

T

e f}"ﬂk’mmi

Determination of Enzyme Activity

Activity

at 30
21.2
19.6
20.6
22.1
19.2

25.9
50.8

27.1
55-3
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TABLE VIII

BRIEF DESCRIPTION OF THE COLONIES OF
VARIANTS OF BACILLUS X

Variant
Famber Description of Growth
1 C¢ircular colonies, smooth
surface
2 Circular colonies, smaller
in diameter than others
Colonlee indented
Yy Cireular colonies, surface
very rough and convoluted
5 Circular colonies, medium

in size, smooth surface

YACUUM CONCENTRATION OF EINZYMES

During the work of isolating and testing the variants of
Bacillus X, other experiments were made to concentrate and store the

enzgyme preparations wifh a minimum loss of acfiéity;’“Péévioﬁé attempts

to concentrate the enzyme liguor dy vacuum distillation of the water

" had not met with success because of persistent foaming. After several

more failures, it was found possible to concentrate by this method
providing the liguor was first saturated with toluene and the distilla-

tion begun at 20-25° ¢. After the main fraction of toluene had

distilled off, the temperature could be slowly increased to 35~38° C.
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and the pressure held at about 20 mm. This gave a fairly rapid method
of concentrating the enzyme anywhere from 5 to 18 times the orizinal
potency. During most of the. concentration experiments, carbon dioxide _

was bubbled through the mixture instead of air. It has not been as-

certained whether or not this is an improvement or not,

A series of four triple-size batches of enzyme cultures were
made and temporarily celled Enzymes 24 to 28. These flasks were inoe-
ulated with a subculture of Bacillus X (see Table VI), and after measur-
ing the potency at 45 hours incubation time, the cultures were combined,
filtered, cenirifuged, and vacuum concentrated. This mixtﬁre was
called Enzyme No, 26 and showed a very high potency at a concentration
of 1% on the weight of mucilage used for determining the activity., It
was believed to be sufficiently potent to be used for converting mucilage
for tubeizing experiments. In order to use the enzyme under nearly

optimum conditions. gevaral preliminary experiments were made to deter-

mine the effects of pH temperatzre and time on the activity. These
experiments are given in Tables IX end X and indicate that the optimum
pE at 30° G. is about 6.6 and that the enzyme does not lose activity at '
a prohibitive rate when held at 70° ¢. and pH of 5.95. The experimental

tubsize conversions will be dealt with in a later section of this report.
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TABLE IX
THE EFFECT OF AGING CONCENTRATED ENZYME X0. 26 AT
VARIQUS TEMPERATURES AND pH = 5.95

(Locust Bean Gum Substrate)

Temperature Time Held Actlivity
Ex. of aging, at Temp., at
¥o. °g. min. 30% ¢.
162 50 10 35.8
20 35.9
30 52.6%
60 38.1
163 60 10 40.9
20 41,7
30 u2.9
60 47.6
164 70 10 61.3
20 71.8
20 67.8
78.2

60

* Poesibly due to unclean viscometer.

e P S PR e TSR iy
e ﬁﬁf;ﬁﬁﬁgﬁfeﬁﬁh- gyl
i i #.‘ “ , 74 f“',".; .7'.., ?
O ey e

ok 37
i »M;' 234
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Exl
XNo,

147
148
ikg
150
151

152
153
154
155
156

157
158
159
160
161

165
166
167
168
169

TABLE X

EXPERIMENTS WITH CONCENTRATED NO, 26 ENZYME ON
LOCUST BEAN GUM AND GUAR MUCILAGES

En;yme Buffer

Added Amt. Temp.

on Gum Kind ml. pH %¢.
5 HAc 2.8 3.91 30
5 NaECO 0.05 6.31 30
2 HAc 2.8 3.87 30
2 Hic 0.15 5.12 30
2 NaHC04 0.0 6.39 30
2 ¥aHC03 0.65 7.31 30
2 NaBCO3 5.0 8.3 30
2 ¥aOH 2.6 9.1 30
2 HAc 0.15 5.25 4o
2 FaHCO;  0.05 6.ug Ty}
2 NaH003 0.65 7.3 Lo
2 NaHC03 5.0 g.u2 40
2 NaOH 2.6 9,08 40
2 HAc 0.7 4,38 .30
2 NaOH 5.0 9.9 30

Guar Mucilege

2 HAc 0.15 5438 30
w2 NaOH .5.0 - - 9.8%4 230
2 NeE(CO3 5.0 8.27 30
2 HAc 0.7 4.58 30
2 NaHC0y 0.35 7.1 30

N gi"\" y&ﬁ ek ¥
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Activity

g82.71
16.3
9u,8
22,4
20.5

20.9
22.8
28.6
23.7
21.1

R2RER
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Attempte to Orow Baeillus X on Guar Mugilage

Since ultimate industrial application of a suitable enzyme
would be made princiﬁally»gﬁén_guaf mecilage, several experiments
with ¥o, 26 were made on guar GM4~5; See Table X. The very disap-~
pointing discovery was made that the potency of concentrated No. 26
enzyme on guar mucilage was very much lower than when locust bean gum
vas used. Furthernmore, attempts to grow Bacillus X on guar mucilage
met with fallure insofar as enzyme production is concerned. The organiem
exists on guar substrate but the enzyme produced seems to attack only
a relatively small proportion of the guar molecule. The viscosity
falls very slowly for a time and then seems to remain fairly constant.
Attempts to improve zrowth by changes in purity of mucilage {eliminating
possible poisons), nutrient salts, peptone content, and concentration
of micilage has not thus far improved the enzyme potency. ZExperiments
have also been made to condition the organism toward growing on guar
by ﬁsiné mixtures of guar and locust been gzum in various ratios. Thug
far, after 10 generations on a substrate composed of 66,6% guar and
33.3% locust bean gum plus Deptone and nutrient salts, no increase in

enzymatic actlvity could be noted.
Experiments with Several Known Bacteria

Several known organisms were used for inoculating both guar

and locust bean gum substrates, Among those used were Bacillus subtills,

,.', Aes “‘t.F -’"'}"

e
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Bacillus xyroides, Bacillus macerans, znd Bacillus mesentericus,
Bacillus subtilis and Bacillus macerans partly liquified locust bean
gan and guar mucilegee but the enzyme potency was poor, The other

organisms grew on the substrates but failed to liqify them,

A strein of Aspergillus oryzae known to be a particulariy
potent producer of amylase enzymes when grown on starch was used for
inoculating a guar embstrate, Ligquifaction occurred but the eniyme

rotency wea of a low order,
Experiments with Soil Infusions

Since soils are known to contain so many varieties of bac-~
terla, several attempts were made to isolate speciee which might com-
pletely ligquify guar mucilage, The soil eamples were rimply mixed
with water in a test tube and one ml, samples of each were pipetted
into flasks of sterile zuar, peptone, salt substrate. The cultures
were liquified but enzyme activity was nil after 72 hours growth,
Transfers from the cultures were made to fresh-sudstrate which were
also licuified but no enzyme activity wa; evident, See Table XIII,
Nutriet agar etreak plate c:ltures.were made of the latter growths,
and 3 distinctive colonies of organiemes were sepsrated. None of these

organlems liquified guar mucilage although good grovth was evident,

Experimente with Mold Enzymes

When considerable difrficultienr were encountered in the use

of the bacterial enzyme on guar mucilage, it seemed expedient io
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affected by the dnd of buffer, Concentrated No. 70 enzyme was used
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coptinue the worx with the Brown mold enzymes while further attempts
vere made to find a bacterium sultable for guar, The possible a2d-

vantages and disadvantages of mold and bacterial enzymes will be dis-~

c¢ussed in a later secticn,

It has beea found by adjusting the substrate with peptone
nutrient salts and buffer, purifying the culture of Brown mcld, end
growing for the optimum length of time, that the enzyme activity ‘
of the liquor could be increeced markedly, In fact, the activity '
on guar and locust bean Zun was greater than the Bacillus X engyme on r

locust bean gum, These experiments are sumrarized in Meble XIV,

A large batch of 4 flaske of EZnsyme No, 70 was made and
concentrated under vacuum, Determipation of the optimum pH at
30° C. zave a value of arproximately 3.8 to 4,0. This figure should
not be accepted as rigid since several buffers were nsed for edjusting

pH values and it is not known whether or not the activity is markedly

for several experimental tubsirze conversionﬁ of guarﬁGh—é. These

are given in A later section,

The activity of No. 70 and its possible application as &
converting agent for guar led to the production of larger quantities
of mold enzyme, The intention was to accumulate a sufficient quantity

for several mill triels if the proper manner of using the enrymes could

be determined, These experiments are given in Tabtle XVI, The firet
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of the large batckes, (20 flasks-trirle ¢ize betches) No. 32, ‘ecame
contrminated with another mold type organisc end was not representa-
tive of the type previously made on & swall scale, FHowever, this
enzyme was guite potent. It posceseed an alkaline ﬁH and was in-

~tensely black in color whereas other products were brown.-- A further

eveluation of thie enzyme will be made,

Purification of the mold culture wne again necessary, and
following this, batches of 10 flasks of Yo, 97, No. 97-2, end Ne, 97-2
were grown over several weeke time, These were concentrated under
vacuum, The only noticeable difference between the enzyme liguors
of the taree betchee was in the finsl pH, No. 97 hed & pH of 3.5
whereas Nc, 97-2 and 97-32 were both 6,45, The significance of the

pHE values has not been fully determined as yet but experimente are in

rrograse on thie factor,
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EXPERIMENTAL ENIYME CONVERSIONS OF MUCILASES FOR TURSIZING PURPOSES

- Convereion of Locuet Zean Sum with
Bacterial Enzyme No, 26

Procedure, Three bundred ml. of water were added to a 60C ml,
t;;e& be3£er end 0,15 ml, of No, 26 concentrated enzyme added. Fifteen
greme of locust been gum were added with vigorous etirring znd steanm
injected untl] the temperature attained 50° C. After seven minutes
an additional 0,15 ml, (total of 2% on zum) of enzyme wns added and
the temperature maintained at h5-h7° C. for the desired length of
time. (A rough check on the rate of coaversion wae mede by measuring
the viscoeity in a 10 ml, pipette.,) The temperature wes then raised
to 90° C. and held at 85-90° C, for 5 minutes to inactivate the
enzyme, The concentraticn of mucilage was adjusted if desired anmd a tub-

size run made with the emall coprer trough at about 55 C.

The action of ¥o. 26 enzyme was tried op guar mucilage GU-§
but the action was very slow even at an enayme concentratinn of 5% on the
- - -mucilage;i After geveral attempts to -improve-the action af varinus pH,
became evident that No. 26 would not be esultable for coumverting guar

- .- mucilaze,
Convereion of Guar Mucilage GU-5 with Conceantrated Mold Enzymes

The preperty of guar mucileges to form doughballe wher placed
ip water was somewhet troubleeome et first beceuse it is sugmented by

high concentration, Usually doughdalling can be minimized or elimineated
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by adding the mucilege to dilute borax solutior and later acidifying
to a pH of 5 to 6,5, fhe literature indicated that boric acid ie
generally detrimental to enzyme activity and eeveral attempts were
made to disperse the mucilage by other means, Humidification and using
cold water at 0° C, helped prevest doughball formation to a._coneiderable
extent bDut were sti{ll not satiefactory, It was decided thet the borie
acid tolersnce of the enzyme should be determired to find out how much
borax, if any, could be used. Surprieingly enough, concentrations of
boric acid equal to twice the emount normally present ir & borax cook
did not appear to be detrimental to the enzyme action, This discovery

elimipated the bothersnme deughball formation,

Procedure., Fifteer grazs of (U5 were elurried in 27C ml,
of 0,25% borax solution to which 2,8 g, of anhydrous (C, P,) calcium
chloride were added, The temperature was raised to 65° C. by direct
stean inlecticn, and 13 ml. of 0,21 H ECl were 2died., The beaker wes
then immersed in a water bath Leld at 70° C. end 0,15 ml, of the con~

centrated enzyme was added, The mixture was held at 65° C, for the

desired length of time and then eteam was rapidly injected to rairee the
temperature to 92° C. where it was held for § mimmtes. The concentration
wae adjusted to the desired value a2nd tte mucilage used ar a tubsize at

50-80% C, The relstive viecosity was mearured at 1% end 30° C. in an

Ostwald viscometer and the pE determined with the glass electrode,
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‘vincoeity. - The becterial enzyme from-Bacillns X-was not-fully .. -

‘evaluated on locust bean gun but preliminary tubsize data were en-
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Starch Tubeizes for Comparison Purposes

In Table XVIII will te found some data on & hypochlorite
converted guar mucileze end a commercial hypochlorite treated corn

starch, Superfilm No, 4, These products were cooked in the normel

-manner for-these materials end used as tubsizes.at the temperatures .

-designated 15 the table,

DI SCUSSION

The most desirable type of enzyme for converting 2 nolysec-
charide to a suiteble adhesive for tubsizing and coating 1s one which
will atteck the macromolecule in such & Qay as to give a sultable
reduction in viscority with a minimum production of rugars, Stated
differently, the fipnl converted oproduct should bhave the hi ghest
possidle average molecular weight et the desired viscoeity in order
to possees the maxizum adheeive strength, In the foregoing experiments
of this report, enzymes have heen developed which ere entirely sdequate

from the standpoints of potency And speed of conversion to a desired

couraging., The Erown mold enzymé wes more fully evaluated on guar
G4-5 as a tudbsize but, the results were not outstandingz, The

reasons for this may be several and these are being iavestigated,

It might be eaid that the problem of mannogalactan enzyme
conversion now stende at a stage of developrment comparable to starch

epzywe conversion 20 years ago--the enzymes were ifsoBted and produced
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but were used with rather mediocre results, ZEnzyme conversion of
sterch has made broad advances in recent years and very greatly
improved producte are now availsdle, It ie believed that many of
the iders and theories epnlied to starch enzymes may fipd counterparts

in-mannogalactan enzyme conversion, -A brief summary of .the- develop-

ments in starch enzyme technology may clarify this statement;
Zrief Review of Starch Enzyme Technology

1t has been found that there are esseatially two types of
enrymes which attacx etarch and sre commercially important. These
have teen called g-amylase and f~amylase and usually occur naturally
a8 & mixture, The properties of there enzymes, such as relative amounts
of o and 8 componentse, thermoetability, optimum pH, and potency, differ
considerably with the source, The type of action oo the starch polymere,
however, is much the same for each respective kind of enzyme in the
mixture irregardlees of source, Techniques have teen devised for
seperAting o and B amylases in pure form, It has beer demonstrated
that the g-amylase attacke the starch chains in a more or -less random - - -

zenner with very little eprarent sugar formation during the early

_stages of enzywe action, 7The f-nmylase on the other hand has.been

found to begin the attack only at £he non-reducing end of the polymer
chain and to progressively hydrolyze off two glucose reziduees at a
tize in ihe form of maltose, thereby, saccharifying a considerable
part of the etarch while the viscosity is beinz lowered to the desired

point, It hes, therefore, been fcund desirable for starch ceavergion
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purposee to produce an enzyme product consisting predominantly ¢f

a~amylare rether than fP-amylase, Several methods of doing this

have been utiiized by enzyme magufacturers,

l. Pacterial eazymes grown under proper conditione were
found to be predominantly c~emylase and in addition had 8 high
degree of thermostability--a very deeirable property in starch

conversion,

2, Molé and malt epzyme mi xtures were treated at e
0
tempereture of 70 C, and pH of € to 7 for 15 minutes which destroyed

the f-amylose,

3, It was found that the presence of calcium {on &% =
concentration of 0,05N greatly stabilizes the a-asmylase enzyme and

maxes the f-amylase considerably more unstable.

Discussion of Mennogalactan Conversions

As mentioned before, it is believed that several factors
found to be important in amylase i{nvestigation will give valuadle

leads in eazymic studiea on guar wlth this in mind it seemed

guaite desirable to cultivate the bacterial enzyme of Eacillus X.
The organism in this case seems tc be very well adapted toward
growing nn locust beoan gum and with elight modifications will no
doﬁbt produce zn enzyme of optimum ¢uality from a convereion stand-
point for locust bean gum; however, our nrime interest ie in the con-

version of guar mucilage,and it was a great disappointment to find

that the epzyme fouund to be so potent on locust bean gur did not
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readlly attack guar, It was dieappointinz agein to find that Bgcil-
lus X does not grow rapidly on guar and only partislly liquifiee thie
mucilage, The organism is able to exist on guar btut it doee not
possess the ebility to hydrolyze the polysaccharide, From ermearances
of viscosity change, part of the polymeric chain . ie attacked and then
the action stops; Attenpts made, thus fer, to adapt the organien to
guar by growing on guar-locust bean gum mixtures have been unsuccess-
ful, It is probable that the linkage of the mannsn or galectan chains
in gusr differs sufficiently from that in locust dbean gum to preveat
the action taking nplace beyond a certain point in the chain, This
eame enzyme (from locust bean gum} was tried in a qualitative way
on other speciee of mannognlactan and found to hydrolyrze fleme tree

and homey locust mucilage rapidly but tara mucilage not at all,

Other becterial orzanisme which might zrow on guar and
produce a potent enzyme were sought but, thus far, noce have been

found, This phase of the work has, hovever, not been very extensive,

.The Mold Enzyme- . . .. . . - - . .. .

Enzymes from molds are ueually much more versatile as to

type of substrate attacked because & larger variety of enzymes are

developed, Thus, the Brown mold grows readily upon guar and pro-
duces an enzyme mixture which attacke guar, tara, and locust hean
gum almost ecually as well, However, the enzymes from molds have
certain disadvantagee vhich may or may not become important as the

work progresses, (1) They are guite heat labile, (2) They teke
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longer to produce--the mold orgesniem grows more slowly than bacteria,
(3) They bave a much greater tendency to produce sugar, (U) They are

prodably more difficult to purify in a simple manner tecause of the

large number of enrymes nresent,

The fact that the mold enzymes are not always isolated at
the same pH may be an important factor insofar as sugar produciion
ie concerned, For example, enzyme No. 37 had a pE of 2,6 vhen in
dilute form and after concentration a pH of 3.4. This low pE value
may possibly bave destroyed a significant part of the liquifying
enzyme similar to the a enzyme in amylaee mixturee. On thie baels,
enzymes No, 97-2 and No. 97-3 should contain much greater amounts of
this enzyme, ZIExperiments should be made to determine whether or not

theee factors are importent,

It shoula be mentioned that vacuum concentration of the
dilute enzymes has been found to be the hest method of preserving
their potency over considerable pericds of time, Concentrates of

gseveral enzymes have been stored for several months in e refrigerator

without noticeahle loss of potency,
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Future Work
L]
1, Bacteriel Ingymes
v e, Attempts are being made to adapt Bacillua X to growing and

!

- -producing an enzyme when placed-on guar, ---

b. Other bécteria will be sought which will grow and produce
enzymes On guar,

c, A further study of enzyme No, 26 Qill be made in respecf

to sugar production, |

2. Mold Ehzymes

a, A etudy of the rate of decrease in viscosity vereus sugar
production is being made at different pH valuee to determine
whetber copnditions can be found which will enable a greater
reduction in viscosity per unit of sugar produced trhan the con-
ditions emrloyed in the tubeize experiments of this report,

b. Various conditioning treatments should be glven to the enzyme
preparations in an-sttempt to inactivate & possible sacchari-
fying‘;nzy;; and ali;v the liguifé{ng-eﬁ;éﬁe t$ ;;main aé;ive.

¢, Tne mold should Ye growvn in the prerence of media buffered 2t

& somewhat higher pH, for exnﬁpie. T.0-8.0,
i, Calcium 1on should be added tc the substrate in addition to

calcium carbenate hHuffer,

e, ZInzyme No, 89 should be evaluated further,
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A standardi-ed method of measuring activity should De devised
wvhich w11l glve a more consistent measure of enzyme potency in
terme of some standard, easily recognized wnit,

The possible nutrient materials for growicg enzymes on a com-
mercial scale should be sought and used in future laboratory
rreparetione,

These subetances may consideradly change the

type of enzyme produced,
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HANDSHEET STUDIES OF FORMATION QUALITIES
- - OF SEVERAL MANNOGALACTAN MUCILAGES

INTRODUCTION

The formation of a sheet of paper is the property determined
by the degree of uniformity of fider distribution which is evident when
the sheet is viewed by transmitted light. Good formation 1is important
not only for good printing gnality but alsoc beesuse of its influence

on strength and many other sheet properties.

During the papermeking operation, there are many factors
vwhich influence formation to a marked extent. Among the more imporitant
varizbles may be menti{oned the kind, consistency, temperature and free-
ness of the furnish; the type of beating, length of fiber, machine

speed, wire mesh, the dandy roll and machine shake,

One of the many desirable characteristics of mannogalactan
mucilages is their marked ability to improve formation when adqu to
the pulp. This is accomplished by delaying the natural tendency of
the fibers to flocculate or clot so that the sheet is formed from a
better dispersed system of ?ulp. Although there are some indications
thet this phenomenon may be a combination of hydration and electrostatic

charge, very 1ittle is known zbout the fundamental mechgnism or the

variables which influence this property of mucilage.
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Bvidence accumulated from several mill trials of guar mucilages

GY4—2 apd Gi-A has shown the formetion denefit to be rather irregular--

. sometimes giving fairly good improvement and-other times apparently

none at all. It became desirable therefore, to mske a study of several
mannogalactan products to determine their relative effectiveness and

gome of the variables involved in the formation quality.

The first problem in the investigation was to devise a suit-
able method whereby valid differences between mucilages could de
demonstrated. It was believed that the many variables connected with
the usual handsheet-making procedure might invalldate conclusions drawn
from such studies, Therefore, the problem was attacked from two angleg—-
ta) By devising a handsheet technique giving reproducible valid results,,

and {b) A dynamic method of measuring flocculation of pulps independent
of many handsheet variables. Mr., Truttschel has undertsken the dynamic

study and the writer has attempted to improve the handsheet method of

evaltnation of formation.

EXPERIMENTAL _
Work Done:
1. A handsheet-method of evaluating the relative formation

quality of mucilages was devised which is delieved to give valid results.

2. Several mucllages were compared with the above handsheet

technique.
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3. Several experiments were made to determine the effect

of colloldal iron on formation quality.

U, A preliminary 1nve§tigation of the effects of beating,
conslsteney, time of flocculation and presence of rosin and alum on

formgtion wag made.
Method of Making Formstion Handsheets

Small differences in the formation qualities of mucilages
could not be determined by the regular methods of making handsheets.
It was decided therefore, to exaggerate the flocculation-effects in
two ways--{a) A very lightly beaten pulp was used, and (b) the pulp

" was alioved to floceulate in the deckel box for a longer time before
forming the sheet. Expefiments with increasing flocculation intervals
gave poorer formation with time both in the presence and absence of
mucilage. In the abéence of mucilage up-to 35 seconds, the formation

became poorer quite rapidly and -then slower from 40-90 seconds. It
was decided that a flocculation time of 35 secords in the deckel box
would show sufficient differences in formation gqualities of mucilages

to overcome meny of the uncontrollable errors involved in sheetmsking.
Beating Procedure

Three hundred-sixty grams (0.D. dasls) of Weyerhaeuser wartime

bleaghed sulfite pulp were jlaced in the Valley beater with 23 liters

X by
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of water. After soaking for 5-10 minutes, the pleces of pulp were pulled ;
apart by hand and slushed with the beater roll without weight on the

bedplate‘for 5 minntes. The belance weilght and 4500-gram weight were . -:Ji?h
then added and the beating continued for exactly 10 mimates. The stock - N

wae stored in a covered 10-gallon crock and any remaining after 48

hours was discarded.
Bandsheet Making Procedure . RN

Forty grams of pulp (0.D, basis) were measured out in a
graduated cylinder and placed in a H-gallon enamelled bucket. The pulp .
was vigorouslf agitated by means of a Lightnin'! mixer and the desired |
quantity of cooked mucilage slowly added. Two minutes afger the muei~
lpge addition, the stirring was stopped and the mixture allowed to
stand for three minutes. Dilution water was asdded to make a stock
consistency of 0.5%, the mixture was stirred for five minutes and the

handsheets -were made in the following manner: . . . ‘:,é:

The deckel box was marked with a red line at a volume of
7,5 liters in order %o maifitain the consistency as constant as possible.
Three hundred milliliters of diluted stock were measured out in_a
graduated cvlinder while the deckel box was being filled to the mark
with water. The stock was added and immediately stirred four vigorous
atrokes and one slow stroke with the deckel box stirrer. When the

stirrer was removed, a Kodak timer was started and after 35 seconds,

5 ; o 2%‘ wﬁ &Wﬂ‘.ﬂ. 2] "'3 ,;}\ ngusf ‘-r wrer

T
8

r? el ? ,-&\‘."‘i“"f -"‘: !

3y & ) Tt 'f.,..! 1% . 5 &



_about 5.0.

'oub with sols madée by hydrolysis of ferrle chleride and ferrous” emmonium="

Project 849
Report 15
Page 5

the valve was released and the sheet formed.: Two nev blotiers were

placed upon the sheet and held down by hand for several seconds. The

- sheet_was couched from the wire and one new blotter placed on the wire - = _ _

side. The top blotter was removed, the sheet was turned wire side up
and placed in the press. An additional blotter was placed on the top
and the bottom of.the pile. and the sheets were pressed at 100—pounda
per square inch for one minute. The sheets were labelled on the wire
slde and dried on the felt side blotter on a hotplate at 230° F. for
seven minutes, Eight sheets were made for each set. Blank sheets were
made each day and for each beater run, The basis weight of sheets was
held as constant as possidle although small variations in this were
found to not seriously affect the formetion value. In several cases
4,5¢ of alum was added to the remaining 0.5% stock and an additional
set of four sheets was made in a similar manner. Sufficient alum was

also added to the deckel box prior to stirring to maintaln the pH at

- — - - - - e — - — .- - - ——y -~ [P

The experiments on affects of collolidal iron were carried
sulfaﬁe in bolling water. These were diluted %o one per cent iron and
added to the pulp just before the mucilage and dilution water.
Progcedure for Making Fanigheets at Various Consisztencles

A sheet metal extension was made for the handsheet deckel

box of such capacity that 1t was possible to form a l.5-grem handsheet
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from 15 liters of 0.01% stock. The procedure of making handsheets was

otherwise the same as before with the exception that various time in-

_ tervals of flocculation were used.

A series of sheets at varlous consistencies at freeness 600

were also made. This stock was beaten for 51 minutes.

Experiments with rosin and various amounts of alum were made
at freeness 850. The pH in the sheet mold was maintained at about 5 by

addition of 3I¥ sulfurlec acid.
COCXZING OF MUCILAGES
Borax Cook Method

Two and one-half grams of mucilage were added to 300 ml. of
0.2%% dorax solution in a 600-ml, beaker. Steem was injected until the
temperature was 85° C., whereupon, sufficient hydrochloric acid was added
“to lower the pH to 4,5-5.5. After holding at 80° €. for 15 minutes,
the mixture was diluted to 0.5% mucilage and placed in a 500-ml. Erlen-

‘meyer flask,
Tap Water Cook

The above cooking procedure was followed except that borax
and acid were not used. Further deviations in cooking procedure were

necessary in some cases and these will be explaired as they occur.
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REPRODUCIBILITY OF RESULTS

It was necessary to follow the sheetmaking procedure guite
) ei;cgly in order to obtain consietent results.— Iven then an éécasioggi‘—
set of sheets did not check very well. It was aiso necessary to allow
the watér used for beating the pulp and making the handsheets to runm to
constant temperature each time and to remove excess iron from the pipes.

This 18 now believed t¢ have caused many of the erratic results in

earlier experiments.

The formation values wore deatermined on five of the dbest
sheets chosen from the original 8 of each set. Any sheets having black

spots or other faults were discarded wherever possible.
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OF TEE BEATER RUNS

per cent
Locust Bean

Gum

Blank
Blank
Blank
Blank
Blank
Blank
Blank
Blenk
Blank
Blank
0.1

O
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FEFRODUCIBILITY OF FORMATION FROM PULPS
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FORMATION VALUE

Max.

21.h4
24,8
23.1
23.4
2h.g
230

23.6
22,1
26.6
22.3
27.2

. 26.9

37.9

‘36.8

These are discussed in a separate section.

Min.

19.1
20.0
21.2
21.7
21.4
20.0
21.4
19.4
20.5
19.8
23.8
.0
3,2
35.2

Av.

20.3
22.8
22,2
22.6
22.8
22.h
22.3
21.3
23.8
21.0
25.6
26.0
35.9 -
36,0

The formation data of handsheets made with wvarious kinds

and guantities of mucilages are presented in Tables II to IX and

The data on the effects of-consictency, beating, and rosin

and slum on formation are presented in Tables X to XII and Figures §
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TABLE 11

FORMATICY VALUERS OF FANDSHEETS CONTAINING LOCUST BEAN GUM
AT VARIOUS CONCENTRATIONS

IFC Per Cent A,

File Mucllage FORMATIOE VALUE

¥o. Added Max. Min, Av.
116101 Blank 21.4  19.1 20.3
116102 0.078 27.2 23.8  25.6
116104 0.15 29.1 26.0  27.7
116105 1.0 15,2 3,2 1.6
116106 1.5 37.9 34,2 35.9
116107 2.0 397 35.7  37.3

Check Run on Locust Bean Gum

116591 Blank 23.6 21.4 22.3
116593 0.1 26.9 24,0 26.0
116595 0.75 1,2 32,9 33.6
116597 1.5 16.8 35.2 36.0
116592 Blank* 21.6 169.1 20.2
116594 0.1* 22.1 19.8 20.9
116596 0.75* 22.1 19.5 20.7
116598 1.5* 22.9 19.7 21.5

Borax~Cooked Locust Bean Gum

116599 0.1 20.5 16.0 19.1
116601 0.75 33.3 30,5  31.8
116603 1.5 37.9 325 36,1
116605 - 22.1 19.L 21.3
o _ 116872 _ . _Blank 22.7... 19.7 .. 2.0 __ R .
116873 .05% 24,5  22.7 23.4
11687 0.1 25.8 24,3 25.1
116875 0.2 28.1 25.3 26.9
115876 0.b 1.3 28 29.9
116877 0.75 23,3 7 31.6 32.6

* 4,5% alum added to remaining stock.
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TABLE III

FORMATION VALUES OF HANDSHEETS CONTAINING GUAR MUCILAGES
GU-f, Gl-2, G4 over 8xx and GUY

IFC Kind of Per Cent

FMle Mucilege Muellage FORMATION VALUE
Ko. Added Added Max. Min. Av,
116129 Blank — 24.8 20.0 22.8
116130 GL6 0.1 26,2 24,8 25.4
116171 Gl6 0.75 29,1 27.% 28.3
116132 GUb 1.5 31.3 27.8 29.8
116233 Blank — 23.4  21.7  22.6
116234 o2 0.1 26.9 24,8 25.3
116235 GgY42 0.75 27.8 26.0 27.1
116237 gu2 1.5 31.3 28.h 2.4
11615L et 0.1 L 26.3 24.5 25.u
116155 Gl 0.75 30.1 26.9 28.3
116156 Gl 1.5 30.5 27.8 28.5

Check on GU

117349 Blank - 23.6 20.5 22.1
117350 GH 0.1 26.3 22,7 24,2
. - 117351 . G4 0.75 . 27.8 26.0  _27.1
117352 Gl 1.5 30.9 2g.u 29.8
117355 Blank - 21,8 22.3 23.0
117356 Gl 0.1 25.12 2u,0 24,0
117357 Glk 0.75 30.1 26.6 28.2
" 117358 LGl 1.5 - 20k 27.8 28,6
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TABLE IV

FORMATION VALUES OF HARDSEEETS CONTAIKING GUAR MUCILAGES
GU-F and GU=-1
(Borax Cooked)

IPC Kind of Per Cent
Flle Mucllage Mucilage FORMATIOK VALUE
Yo, Added Added Max, Min, Av.
| ‘ 116253 - Blank -— 23.6 20.0 22.4
| 116267 G4-H 0.1 26.G 22.1 2h.b
116268 G4-H 0.75 29.¢ 26.6 28.0
116269 Gh-H 1.5 28.1 26.3 27.2
116273 G4-1 0.1 24.5 21.9 22.9
116274 GlwL C.75 28 .k 24,3 25.5
116275 Gli=L 1.5 26.0 22.3 24,6
G4-E and GL=L Cooked in Plain VWater
116627 Blank —_— 26.6 20.5 23.¢
116621 GU=F 0.1 27.5 24,0 26.2
116623  GM-E _ 0.75 313 23.1  30.0
116625 GU4~H 1.5 32.5 20.5 31.3
116629 Gli=L 0.1 25.8 23.b 24.8
116631 GU-1, 0.75 30.5 26.6 2%.0
116633 Cl-1, 1.5 20.1 28.1 28.5
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FORMATION VALUES OF EANDSHEETS COKTAINING GUAR MUCILAGES
‘"High Mannose Guar" and Acid-cocked GU~6-

SPECIAL Oh-6,
IPC Xind of
File Muellage
¥o. Added
116605 Blank
116607 Special
Gl=6
116609 Special
ohet
116611 Special
-5
116613 High
Mannose
Guar
116615 Figh
Mannose
Guar
116617 High
- Mannose-
Guar
117373 Blank
117380 AT
Acid Cooked
117381 GU-6
Acld cocked
117382 - Gl=b

Acid cooked

Y K 41'?%
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FORMATIOR VALUE

Max.
c2.1

24,0

28,1

30.9

27.2

30.1

32.5

22.5

" 25.0

27.5

30.5

Min,

19.4

21.2
26.0

28.1

27.8

30.1

18!0

2u,.8

25.0

26.9

" 2h.0

Av.
2l.3

22.9

27.0

29.7

26.3

3
<

31.0

21.5

25.8

28,2
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TABLE VI

FORMATION VALUES OF HANDSEEETS CONTAINING VARIOUS FRACTIONS
OF GUAR MUCILAGES GU=6 and Gl=2

I1PC Kind of : . %
File Mucllage Type of Fraction Added FORMATION VALUE

¥o. Used Extraction Used Te Pulp Max. Min. Av.

116145 Blank - < —~ 231 212 222

116146 Gh~b Water Cold water 0.1 28.7 24.3 5.9
Soluble

116147 Gh~6 ¥ater Cold water - 0.75 27.8 27.2 27.4
Soluble

116148 GU~6 Yater Cold water 1.5 29,b 5.8 . 28.0
Scludble

1161u49 GL-b Water Cooked 0.1 27.8 23.& 2u.9
‘ Resldue

116150 Gli-6 Water Cooked 0.75 29.4 26.9 28.3
Residue

116151 Gh=b Water Cooked 1.5 32.9  29.1 30.6
Residue

116238 Blarnk -— - - 2u,0 21,4 22,8

116239 Gl-2 0.25% Cold Borax 0.1 23.8 22.5 23.1
. Borax Soluble

o lie2ko . 642 0.25%. . . Cold Borax. ... .0.75. . .26.9. 25.0 .25.6
Borax Soluble

1162L1 Gl=2 0.25% Cold Borax 1.5 .8 23,1 24,8
7 Bora§ 7 Solub}@h|

116259 Blank - -~ - 23.6 20.0 =22.u

116260 Gh-2 0.25% Cooked 0.1 5.8 23.4 24,9
Borax Residune

116261 GL~2 0.25% Cooked 0.75 28.7 26.6 27.17
Borax Residue

116262 Gl-2 0.265% Cooked 1.5 " 30.9 29.8 30.2

“ Borax Regldue .
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TABLE VII
ZFFRCT OF 4.5% OF ALUM OF THE FORMATION
QUALITY OF SEVERAL MUCILAGES
IPC Eind of _ Per Cent . .
File Mucilage Added Mueilage FORMATION VALUE
No, Adde d Max. Min, Av,
116591 Blank Fo Alum 23.6 214 22.3
116592 . Blank + Alun 21.6 19.1 20.2
116564 LEG-W* 0.1 22.1 19.8 20.9
116596 LEG-¥ 0.7% 22.1 19.5 20.7
116598 LBG=¥ 1.5 22.9 19.7 21.5
Borax-Cooked Locust Bean Gum
116600 1.BG-B 0.1 19.2 18.1 18.5
116502 . LBG-B ¢.75 21.6  20.5 21.0
116604 LBG=-B 1,k 21.2 19.1 20.3
116263 Blank + Alum 20.3  18.¢C 19.3
116270 GU-H 0.1 17.6 15.7 16.6
116271 Gh=H 0.75 17.1 15.0  16.4
116272 Gl~E 1.5 16.3% 1k,a 15.7
116276 Gh-1, 0.1 18.5 17.1 17.7
116277 GY4-L 0.75 16.7 16.0 16.3
116278 GlU=1 1.5 16.3 1L.g 15.7
116606 Blank + Alunm 22.5 19,1 20.5
116610 Sp. Gh=b 0.75 21.9 19.1 20.0
116612 Sp. GU=6 1.5 22.9 19.1 20.3
116614 Figh Mannose-Guar 04 .. . 22,3 20,5 . 21, -
116616 High Manrose-Cuar 0.75 21.6 19.8 21.0
116618 High Mannose=-Cuar 1.5 20.5 18.7 19.6
116242 Blank + Alunm 23.4 19.1 20.9
115243 Borax Soluble GL-? 0.1 22.1 18.9 20.7
e 11624l Borax Soluble Gi=2 ~ - 0.75 " 22.7  19.h 20,6
116245 Borax Soluble Gi-2 1.5 22.1 20.8 21.4
116263 Blank 4 Alum 20.3 18.0 19.3
116264 Borax Residue Cooked 8.1 19.7 18.2 19.2
116265 Borax Residue Cooked 0.75 18.4 16.8 17.4
116266 Borax Residue Coocked 1.5 18.9 16,6 17.8

* Cooked in tep water.
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TABLE VIII

"EFFECTS OF COLLOIDAL IROE AND IRON-CONTAINING MATERIALS ON THE FORMATION VALUE

IPC THWING
File FORMATION VALUE
Yo, Description of BExperiment Max. Min, Av,
117359 Blank 22,3 20.5 21,8
117360 0.75% 136 37,3 33.8 3h.8
117361 20 p.p.m. colloidal ferric oxide in
Ce water + 0.75% LBG - : 26,3  24.g  -25.b
117362 2 p.pem. colloldel ferric oxide in '
vater + 0.75% LBG 35,2 32,1 33.5
117369 Blank 22.3 21.0 21.7
117370 1.5% LBG cooked 1n.320 containing
10 p.p.n. colloidal ferric oxide 36.8 35.2 6.k
117371 1.5¢ LBG cocked ir Ho0 containing
30 p.p.m., colloidal ferrle oxide 37.3 35.7 6.4
117545 1.5% 136 35.7  34.7  35.3
117549 10 p.p.m. colloldal ferrous iromn in .
Hy0 + 1.5% LBG 18.4  15.7 16.8
117550 2 p.p.n. c0lloidal ferrous irorn in
B0 + 1.56 LBG 2g.7  22.1 26.1
117551 0.5 p.r.m. colloidal ferrous ironm in
Hy,0 + 1.5% LBG 33.8 32.1 32.8
117552 Blank 22.3  19.8 21,0
.. 117558 . . 1.5% 136G e ... ...36,8 ..3u.2.. _35.6 -
117559 1.5% LBG cooked in presence of 20
p.p.n. colloidal ferrous iren 37.9 33.3 5.5
117363 0.75% L3G '+ 25% guer seed coat 35.7  32.9 34,9
117367 0.75% LBG + 25% Gh=2 dust 35.7 32,5  33.7
117368 1.5 LBG + 25% Gl-2 dust 37.9 75,7 364
117373 Blank 122.5 18.2¢ 21.5
117375 0.75% L3G 35.7  32.1 343
117377 0.75% LBG + 10% guar pigment 36,2 31.3  33.2
117378 0.75% LBG + 10% cooked pigment 35.7  32.1 33,3
117379 0.75% LBG + 42,5% cocked pigment 35.7  32.9 344
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DISCUSSIOF OF DATA COMPARING VARIOUS MUCILAGES

The data in Tables II to V and Figures 1 to 3 indicate that
guarhmucilages do no% ﬁosseés-asrgoéd-é fofmation-ihjfo%iné qualité_AQ
does locust bean guﬁ. Thie deficlency ie not entirely due to a2 lower
purity of mannogelactan since a correction for 30-4C% of inert material
8till shows the active mueilage to be inferior. The guite highly puri-
fied guar mecilages G-44, Gh-H, and GU=L were amlsc significantly poorer

than locust bean gum,

The curves for borax-cooked GU~H and GlU~L show a poorer forma-
tion at 1.5% mucilage addition then at 0.75%. This bdehavior cannot bde
explained. In fact, visual examinatlon of these two sets of sheets
shows the 1.5% addition to be slightly better then O.?B%. This is the
only case which has been noted where tne Thwing formatlon tester did

not esgree with visumal examination of the sheets.

A comparison of a "Hizn Mannose" guar mucilasge (mannose 58.4%)
with Gi-6 mucilage (Mannose 35.2%) indicated that the mannose content
affects the formation ouality to =dme extent. HoweveTr, the "Eigh
Mannose" muclilage 18 definitely poorer than locust bean gum under the
conditions used in these experimentes, Some difficulty was experlenced
in dispersing the "High Mannose™ guar because of the large particle size.
It was necessary to cook the muclilege at 80-850 c. for‘hS minutes, treat

in a.¥Waring Blendor for % minatas, and follow with another 10 minutes

heating at 86° C. This gave a pretty fair dispersinn.
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The curves in Figure 2 comparing G4-H, Gl=lL, and locust bean

gum indicate that borax cooking of the mucilage may be detrimental to : ;

_the formation quality. Attempts to check the borax effect on locust o

bean gum gave several rather erratic results but examination of all

the data did not indicate that borax cooking was detrimental to the

formation quality of this mucilage. The exact pH of the borai cooks are

not known but they were all in the range of 4~5.5, Further ﬁork‘on the

effect of the cooking pH on formation has been dome by Mr. Truttschel

with the Flocculation Tester. Several of the mucilages which he used

in this stndy were incorporated into handsheets (ses Table IX), The

pE of the borax cook did not appreciably influence the formation. One V.;

mucilage, cooked in water contalning enough sodium hydroxide to provide

a pH of 11.2, é1d lower the formation significantly. However, the

mucilage was incompletely dispersed at this pH.

Several experiments were made to determine whether or not a
farfﬂéf the éﬁar muciiégé-;és.éétriﬁéﬁtai or eiceedinély poor i; forma-
tion quality. OU=6 mucilage was extrpcted witﬁ cold water at 0.5%
concentration and the solids in the extract determined. The extract
was evaluated for formation-improving quality in the regular manner,

The undissolved residue of Gi~b6 was cooked in the usual way and also

evaluated. These data plotted in Figure U4 indicate that the cold
water~soluble fraction is inferior to the undisgsolved residue at higher

concentrations but equally as good at lower concentrations.
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Another type of fractionation was made on GU=2 by stirring

2.5 g. of the mucilage in 300 ml. of 0.25% borax for one hour, Pre-
vious work had shown that roughly 20% of the original weight of muci= ..
lage dissolved and this figure was used to calculate the solids. The
residue wae acidified a=nd cooked in the usual way. The borax-soluble
frection was added to the pulp without cooking and was found to be
distinetly inferior in formation quality to the cooked residue which
compared favorably with whole cooked G~46 mucilage. It 18 believed

that the principal constituent of the borax-soluble fraction was protein.

The addition of 4.5% of alum to the stock (no rosin) caused
the sheets to have a much poorer formation (see Table VII). In s
number 6f cases, a trend can be noted wherein the formation became
poorer with increasing quantity of mucilage and ettained a value con-
sideradly below the bdlank. These data seem to support the hypothesis
that formation improvements of mucilages are at least partially due %o
a negative electrostatic cherge on the mueilage micelle which becomes

neutralized by means of the positively charged alumina,

Colloidal iron present in pulp and vater was found to be quite
detrimental to the formation gualitles of mucilages. For example,
sheets made from pulp and water containing 20 p.p.m. of colloidal ferrie
oxide and 0.75% locust bean gum had a formation value 9.4 points lower

than sheets made with tap water. Water containing 2 p.p.n. of colloidal

le.q ' G : "*"-9"‘@‘1 17 -’. SR v x % o Frant oyl &
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ferric iron had practically no detrimental effect. Colloldal ferrous
iron was found to be more potent in decreasirg formation quality than
ferric iron. As little as 0.5 p.p.m. of ferrous iron in the water caused
a noticeable decrease in formation value and 10 p.p.m. of ferrous iron
gave a formatlon value much lower than a blank sheet not containing

mucilage.

fhe discovery that colloidal iron is detrimental to the formes
tion velue led to the testing of various mucilages gualitatively for
iron. It was found that a rough relationship between the purity of the
guar mucilazes and intensity of iron staln ectually existed. (Potassium
ferroeyanide in dil HNO3 was used to test for iron.) Farther testing
establizhed the fact that the iron was entirely on the surface of the
seed coat of zuar and the more seed coat the mucllege ccontained, the more
intense was the iron stain. Locuat bean gum gave a practically negative
test. Several experiments were made to determine whether or not the
iron preseﬁt—fh-the guar seed coat was‘the caﬁsé of the inferior forma=
tion quality. Locust bean gum was cocked with both colloidal ferric
and ferrous iron, with' 25% of ground guer seed coat, 25% GL-2 dust and
various guantities of thé guar purple pigment and the accompanying iron
but in no case did it appear that these materials caused a poorer forma-

tion quality (see Tadle VIII).

Several experiments were made to determine whether or not the

guar protein was responeible for a lower formatlon value. Gl-h mucilags

T
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was extracted at 20-85° ¢. for 10 minutes with dilute borax {2.5 g.
34-6 4in 300 ml. of 0.25% boréx) and the insoluble part filtered off.

. The filtrate was used to make a éegular G4=6 Borax cook and was acidified
to a pH of 6.6. A similar cook was made and aciaified %o a pH of 4.5
end enother GU~6 extract was used to cook locust bean gum at pH of 3.65.
These experimente did not indibate that the proteinaceons materials of

guar were responsible for a lower formatior quality.

The colloid milling of a guar G4=2 dispersion did not affect

i1ts formation quality.

A dispersion of G4 (over 8xx) was made strongly alkaline with
excess sodium-hydfoxide and added to pulp giving a pE of abdbout 12.
Formation handsheets were made and the remaining stock acldified %o
a pH of 3 and s second set pf sheets mede at this pH. These two sets

of sheets were practically identical in formation value.

Neiﬁhar béli m31ling locust bean zum nor oven heating at
107° ¢, for 12 hours gppeared to affect the formation value of the

- mcilege.
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TABLE IX
EFFECTS OF VARIOUS TREATMENTS ON FORMATION QUALITIES OF MUCILAGE
1PC THWING
File FORMATION VALUE
No. Description of Experiment Max. Min. Av.
117365 0.75 GU-6 28.4 26,0 27.1
117366 0.75 G4-6 cooked in presence 0.5%
sodium hydrosulfite 28.4 24.9 27.0
117553 1.5% GL-§ cooked plain water at pH o
= 7'7 3001 2606- ) 2816
117554 1.5% GY4-~6 sooked water + NaOH pE =
11.2 . 29.4 25.0 26.7
117555 1.5% GY4~6 Borax cooked pE = 4.85 30.9 26.6  29.0
117562 1.5% G4=b Borax cooked pE = 3.53 30,5  26.3  28.7
117563 1.5% G4~5 Borax cooked pHE = 5.%6 30,1 27.5  28.5
117567 1.5% GU~5 + GU=5 Borax extract pH =
L.51 28,1 27.5  27.9
117548 1.55 GU=6 + GU-6 Borax extrect pE =
6.6 27.8 25,1 27.1
117556 1.5% LBG + 64=6 Borax extract old '
pulp 37.9 33.8 35.7
117557 1,5% 1BG + GU=5 Borex extract new
pulp 37.3 3.7 35.6
117561 1.5% G4-2 - not colloid milled 27.8 5.0  26.5
i 117560 1.5% 043 - colloid milled twice  27.5 245 ~ 26.2 T
117351 0.75% G4 over 8 xx 27.8 2.0 27.1
117353 0.75% GU over 8xx made plkaline pH i
about 12 28.4 5.0 27.3
117354 Same stock as above made acid HpSOy
pH about 3 27.2 26.0  26.6
117372 1.5% 136 (Ball milled 360 hours) 35.7 3.7 35.4
117546 1.5% 13G Heated dry at 107° C. for
12 hours 35,2 32.9 3.3
11736ﬁ 0.75% LBG + 0.1% waste sulfite 1iquer 37.3  33.8  35.4

R
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DISCUSSION OF THE EFFECTS OF CONSISTENCY, HEATING, AND
ROSIN AND ALUM OF HANDSHERET FORMATION

Data obteined dby Mr. Truttschel in working with the
Floeculation Tester indicated that GU=6 mucilsge was inferior to locust
bean gum when added to dilute docks but, when the micilages were added
to pulp at beater consistency (similar to present experiments 1.5%),
GU~6 mucilage appeared to be Just as good as locust bean gum. The
latter characteristic ¢ould not be confirmed by the handsheet method.
Also, Mr, Truttschel found thet the pH.of the borax cooking of Gu-6
had a considerable effect on the formatlon quality, being poorest at
a pH of 5.6. This also could not be confirmed by the handsheet method
and these facts made it desirabdle to determine the reason for tﬁe dis-

crepancy of the two methods of measuring relative formation oquality.

After considering the conditions of the pulps in the two
methods, 1t was thought that the principal difference existed in the
cﬁhsiétenéy._'Tﬁé floccﬁlétd}‘ﬁeééﬁ}éﬁéhts Qeré médéhét‘ﬁh avéfagé con-
sistency of about 0.0135% while the handsheets were made at approximately
0.04%. It was postulated that thé interval before serions floceing of
fibers begine is much longer at extreme dilutions of pulp than at higher
conslstencies. It would follow then that the mucilage would have to work

harder to keep pulps dispersed at high than at low consistencies. The
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differences between the formation quality of muecllages would appear to
be less at dilute consistencles and greater at increased consistencies,

even though the measurements might_be more precise at the dilute con-

gistency.

An extension for the sheet mold was made which enabled the
forming of handsheets from stock at 0.01% consistency. Several series
of sheets were made at various flocculation times, consistencies and
with and without 2% locust bean gum. (This was the amount of mricilage
used by Mr., Truttechel.) Also two GU-6 cooks of different pE values
were tried at 0.01% conslietency to determine whether or not an effect

comparable to that of the Flocculator could be noted. .

The data of Table X and Figure 5 appear to support the pro-
posed ideas., It may be seen that the difference in formation quality

between GY-6 and locust bean gum is much smaller at 0.01% consistency

than athQ.Ojﬁucons}gteEcyg especially during the first 30 seconds of
flocculation time. Also 1t may be noted that borax-cooked GU-6 at pH
of 5.35 1s definitely below GL-6 cooked at vH of 6£.9. These data
appe;r to confirm the data obtained withg;ﬁe flocculation Tester.' It
appears from these experiments that a somewhat higher consistency than
0.0135 should Ye used in the Flocculation Tester for evaluating muci-

lages.
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11800k

118005

118006

118007

118008

1180c9

EFFECT OF TIME OF FLOCCULATION ANKD CONSISTENCY
ON THE FORMATION VALUE OF HANDSHEETS
(Preeness 850)

Mucilage

Added

Blank

Blank

2% LBG

2% G-li6

_.PE=5.35

Blank

Rlenk

Corsist-
ency, %

0.0
0.01
0.01
0.01
0.0
0.1
0.01

0.03
0.03
0.03
0.03
0.03

0.01
2.01
0.01
0.01

TABLE X

Flocoula~
tion Time
Seconds

0

5
10
20
4o
60
90

0
10
20
40
60

10
Lo
60
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Av.

53.6
52.3
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22.7
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Bursting
Strength
Points

12,5
15.5
15.7
16.3
16.8
15.9
14.1

15.1
1500
1k.2
13'9
13.0

26.1
27.4
27.1
26.8

e oo L7 A s STl S P N
Er S A A R T IR
i3 e r&%}{ﬁé‘?’gg’i LRy N
Zerdii, ““;b BTtk Zhaky
SRR bR U S



Project gk9

Report 15
Page 29
TABLE X (Continued)
IPC T - Floccula- TEWING  Bursting
File Mucilage Consgligt=- tion Time FORMATION VALUE Strength
¥o. Added ency, % Seconds Max. Min. Av. Points
118010 Blank 0.01 Lo L6 Li.0 L2.8 16.0
0.01 60 17.3  35.7  36.5 15.2
118011 Blank 0.10 0 25,3 23, 2u, 12.1
9.10 10 20.8 18.8 19.5 11.0
0.10 40 20.8 17.7 19.5 12.0
118012 2% G4-b 0.01 4o 53.2  51.5 52.3 24.0
pd = 6.9 0.01 60 4.0 uy.2  ug.1 24,2
0.01 90 8.8 36.8 37.6 23.3
118013 2% Gu-b 0.03 0 ug.5 43,5 us.7 ou.7
pH = 6.9 0.03 49 33.3 30,1 31.3 23.0
0.03 60 27.8 25.8 26.5 22.0
118014 2% LBG 0.03 0 53.8 49,5 K2.0 25.9
0.03 10 ua,0 46.3 Lu7.8 26.3
0.03 Lo 4.5 318,56 Li.k 24,5
0.03 60 6.8 34,7  35.6 24.0
118015 % LBG 0.05 0 Yh,2 W1, 7 43.0 24.2
) o 0.05 ko 35.2 .32.5 33.8° 2u.
0.05 60 30.5 28.4 29.1 21.5
118016 2% LBG 0.10 0 30.5 28,1 29.2 20.6
0.10 10 21,6 26.6 20.0 21.1
0.10 ~ 4o T T gh,g " 22.7 'éa;s 19,7
0.10 60 26.6 22,7 241 20.2
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The sbove method asppeared to be sultable for studying the
effect of beating on the formation effect. The pulp was beaten to a
freeness. of 600 and sheets made at various consistencies with and with-
out 2f locust bean gum. The data are in Tadle XI and Pigure 6 wherefrom
it appeare that beating of the pulp in the Valley beater decreases the

formation velue.

In the experiments wherein the formation qualities of various mucilages
were compared, it was noted that 4.5% of alum completely destroyed the
defloceculating effect of the mucilage. It seemed desirable to obtain

more data on this in the presence of rosin.
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A practically unbeaten stock was used being the same freeness

ae earlier experiments--about £50. Two per cent of rosin was added

and varlous quantities of alum. The pH in the sheetmold was adjusted

to about 5 each time with 3 ¥ H,SOy. A conslstency of 0.03% was used.
The data are in Table XII and Figure 7. It appears under the conditions
of thes;e experiments that sufficient alum to give a desiradle size

test decreasses the formation of the gheat but does not bring it any-
where near the blank sheet excepting in the presence of impractical

excegsive guentities,

The size test in the presence of micilage ran about 30-40
seconds lower than when the mucilage was absent. This may be enough
to seriously affect mill-made papers and should be watched for ip future

mill trials when larger cuantities of mucilage are used.
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The bursting strength values of these sheets seem to indi-
. cate that the formation value affects this test to a smaller degree

than expected,
SUGGESTIONS FOR FUTURE WORK:

l. The effects of rosin énd alum on the formation value of

a more highly beaten stock should be made.

2, TFurther attempts should be made to determine why the guar

mucilages possess lower formation qualities than locust bean gum.

-

3, The new GY~5 mucilage should be evaluated.
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John ¥. Swanson

EXPERIMENTS ON THE EFFECTS OF COLLOIDAL FERRIC OXIDE,
RESIDUAL BLEACH LIQUOR AND ROSIN AND ALUM OX THE '
- - : RELATIVE POTENCY OF GUAR MUCILAGE

Introduction:

RN ok bt I N £ £ e

On several occasions during mill trials of mannogalactan

{

gﬁ macilages theres have been indications th:ztii:;?in substances interfered

3 with tho action of the mucilage, This was,particularly during a series

Ef of trials at the Hoberg Paper Mills, ZXExamination of their pulps revealed

%&1 the presence of consideradle quantities of iron and residual bleach

b liquor reeidnes, Addition of larger quantitiss of mucllage to the pulp

g; saemed to overcome the effects of the detrimental agent., It seemed

?i desirable to investigate the possidle effects of some of these foreisn

;: substances on laboratory beaten pulpe. The following factors were in-

%: cluded in the study,

?1 S - - 1. The effect of using‘uater containing 20-pip.z, of colloidal- .
%E ferric oxids,

gi 2, The effect of using pulp containing 2% of residual .bleach. :
Ei 1iquor, .

g; 3. The effect of rosin and alum,

£

A Experimental:

g

L
.

Preparation of 0olloidal Ferric Oxide Sol,

¥

£

A concentrated ferric chloride solution wes made and poured into

YWY
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-
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3..' Fohu 73 THE tNOTITUTE OF PAPER CHEMISTRY
-
e
=

o g T D et
r-*ﬂ{, ‘§ r ;w ﬁ LR #‘, T .. "rxz A

RATE Aau::-"f"‘ Ay Y Jore R




Project 849

Report 14
Rage 2

a large excess of boiling water. After cooling the aolution was diluted

to one per cent iron concentration,

Beating of Pulp. . =

Three hundred ninety zrams of Weyerhaeuser bleached sulfite
wers beaten at 1,5 per cent consistency in the Valley bdeater for 34 minutes .
with 4500 g. on the bed plate. Two such batches of pulp were made and

mixed in a large 10 gallon crock. Schopper-Riegler Freenees was T50,

The pulp used for the experiments or the effects of residual
bleach liquor was beaten in the same way except that 2§ of bloach liquor
containing 1,5% of available chlorine was added at the beginning of the

beating cycle, Froeness about 700,

Cooking of Mucilage,

Two and one-half grams of Gi-6 mucilage were added to 250 ml,
g0° ¢. Hydrochloric acid was then added to bring the pH to about 5.0 - 5.5.
After stirring at 80° C. for 10 minutes the mixture was diluted o 0.5%

mucilage concentrat!:on. cooled and used,
Making of Sheets,

Forty grams of the beaten pulp (Approximately 2680 ml. of 1.5%
stock) wore measured out end the desired quantity of Gi-6 mucilage woighed
out and added with vigorous stirring, After 5 minutes the stock was

diluted to 0,5% conslstency and eight 1'.5—é_. handsheats were mads with an |

2
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g count interval in the sheet mold prior to forming the sheet. Then 2%

of rosin size (based on the remaining stock) was stirred in for 5 minutes
followed by 4,54 of elum and another 5§ minute stirring period, Eight more:
sheets were made with sufficient additional alum added to the sheet mold
to dring the pH to about 5. before forming_ﬁhe 3§9°F In fhose cases
whore iron was desired in the pulp & sutficlent volame of the colloidal
iron solution to furnish 20 pZ?.g. of:ipéi“to Sj;itars wga-mpasurod out
and addsd before the mucilagét Afger fzip'miggléﬁythé ﬁpcilage_dnd
remaining water were addsd as before, lIron wa; alsc added to the sheet

mold prior to the formation of the ehset,

Eegults and Discussion,

The handsheet data are presented in TahleavI to YI. It appesars
that iron, residusl bleach liquor, and rosin and alum do not act detrimantally. -
upon the mucilage under the conditions nsed in theae experimanta. The amount
of iron used is.considersbly in excess of that found in usual-paper mill- -
waters, It 1s probable that the amount present in the pulp itself has a

~_greater influence on the mucllage than that present in the water alone,
For thie reason the collolidal iron effeot; vers exagzerated bi adding the
concentrated irom solution to the 1.5% pulp before dilutien, Even this
procedurs d1d not ssem to impair the mucilage action, It has been found
in another series of‘e:pariments that colleldal ferric oxide preeent in
pulp is distinctly detrimental to the formation improvement characteristice
of mannogalactan mcilages, The handshsots of the present experiments were

e

made in such a way as to promote good:formatiqﬂ in ell caaés. It vonld
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appear, therefore, that the detrimental effect of iron in commercial pulps
pight be éxplaine& by the influence on the formation of the sheet since

poorer formation results in lower strength valuss,

In all cases the use of rosin and -alum decreasad the stremgth ofl
the resultant handaheefa. Phis does not:reﬁreaent an 1qpairmeht of the
micilage effecis since the bla#kn vere affected a like amount in strengtﬁ.

In other words, the use of rosin and alum decreased the bursting stremgth

almpst & constant number of mullen pointe throughout the cycle O to 1,5%

Ghi-6 mucilege,
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