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PREPARATION OF ALLYL GUAB

INTRODUCTION -

Considerable interest has been shown recently in allyl derivatives

of carbohydrates because of their unique film forming and adhesive properties.

These new products promise to become very important in the resin, varnish,

and paint fields. As prepared, they are soluble in most organic solvents

but upon exposure to air, heat, certain chemical agents, or infrared and

ultraviolet light a cross linkage oxidation and polymerization occurs which

leaves a very inert product of high gloss, good abrasion resistance etc.

One of the very interesting materials for making allyl products is starch.

The similarity of guar mucilage to starch, in so far as polymolecularity

is concerned. led to some preliminary experiments to prepare an allyl guar

mannogalactan product and study some of its properties.

SPERIMENTAL

The method used for allylation of guar was patterned after that

used for starch as published by Nichols, Smith and Tanovsky, in Id. Eng.

Chem., 37, 201(1945). These investigators proceeded through the acetate

derivative, simultaneously saponifying and etherifying with alkali and

allyl bromide or chloride.

PURIFICATION OF GUAR G4-L

Thirty grams of oil-free guar G4-L were dispersed in a total of

3 liters of distilled water in a Waring blendor and then cooked with direct

steam. The temperature was raised to 95 ° C. and held there for 20 minutes*

Q / V
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The viscous mixture was supercentrifuged and cooled to 35 ° C- and slowly

added to S liters of vigorously stirred cold 94% ethyl alcohol. The

precipitated mannogalactan was collected by decantation and filtration

through cloth and then treated with fresh 95% ethyl alcohol, twice more

with absolute ethanol and finally with absolute ether. The product was

then sucked dry at the filter and placed in a sample bottle. Yield: 80g.

ACETYIATION OF GUAR MANNOGALACTAN

Twenty grams (o. d.) of the purified guar were weighed out and

placed in a one liter 3-neck flask fitted with a condenser and a mercury

sealed stirrer. Three hundred fifty milliliters of pyridine (17.5 parts)

and 284 ml. of acetic anhydride (14.2 parts) were added. The flask was

placed in an oil bath at 105-110 ° C. and the contents stirred for 20 hours.

A CaC12 tube was attached to the condenser to prevent the entrance of

moisture. The mixture became very viscous and darkened somewhat during

the reaction time. After 20 hours the mixture was cooled and poured into

about 7 volumes of 94% ethyl alcohol in a Waring blendor. The precipitated

acetate eas filtered off on a"fritted glass funnel with suction and then

washed twice with fresh alcohol in a Waring blendor and finally mixed with

95% alcohol and allowed to stand overnight. The product wee washed once

more, filtered and vacuum dried over CaC12 for 48 hours. Yield: 35 g.

practically quantitative. Acetyl content by method of Genung and Mallatt

fInd. Eng. Chem. Anal Ed., 13, 369(1941)] 43.S, 43.7% calculated for

triacetate 06H705(O0C 3 )3 44.8%.

At~~~~~R -'R
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PREPARATION OF GUAR ALLTL YMtNOGALACTAN

Two grams of guar acetate were dissolved in 45 g. of acetone

and mixed with 45 g. of 50% KaOE and 45 ml. of allyl chloride. The mixture

was sealed in a stainless steel bomb and heated with continuous rotation

for 11-21 hours at 80 ° C. -The bomb was cooled, the contents transferred

into a 500 ml. distilling flask and the volatile matter steam distilled

during 15 minutes. The gummy yellow-brown residue was washed with distilled

water until free of alkali which lightened the color considerably. The

gum was extracted with acetone and the solution was poured into S volumes

of water. In the pure water the gum formed a colloidal solution which was

only slowly flocced by sodium chloride but rapidly flocced by small amounts

of A12(S04) 3 . The entire batch was flocculated with alum and the gum

collected by centrifuging. It was necessary to store the product under

water or in solution in a pure organic solvent to help prevent oxidation

and polymerization. Products stored under water for a few days usually

developed an organic solvent insoluble layer of gum. None of the products

made thus far have been analyzed for allyl value because of partial insolubility.

DISWSSION OF-TEE PRODUCT - --.-- ..

The allyl mannogalactan prepared above is soluble in most organic

solvents such as acetone, alcohol etc., but insoluble in aliphatic

hydrocarbons. The allyl content is probably about 2 allyl'groups per hexose

unit as shown by solubility characteristics.

A solution of the allyl product in acetone was evaporated on glass

and also painted onto a birch panel. The film on the glass after drying

K .. w,
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overnight and oven treating at 90° C. for 48 hours was quite insoluble

and nonswelling in water and organic solvents. Upon removing the film

from the glass it was found to be somewhat brittle. The film on the birch

panel after oven heating overnight and standing for a week in the air became

very insoluble in water and showed very little effect on treatment with

acetone, ether and alcohol. It also showed fairly good abrasion resistance.

JRTHER WORK

When time permits further investigations of this product should

be made by someone experienced in testing pesins and plastics.

?A ~ ~ 
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DBXTREIZATION 017 IKA TOALAOTAN MUCILAG-S

II' Guar Mucilagees 045 and 04-L; Tara 07-6, and flame Tree G9.

IBOIADUCTIOH

In report No. 18 of this project it was shown that a very good

tubsizing adhesive could be made by heating locust bean gum at various

temperatures in the presence of small amounts of acid. The work of this

report is an extension of this method of conversion to guar, taran, and

flame tree oucilages.

KXPIB-IMEHTAL

The dextrinisation equipment and methods of incorporating and

measuring the hydrochloric aMid catalyst were described in report No. 18

and need not be repeated here. Two other acidic catalysts were tried during

the present series of experiments and these were added to the mucilage by

somewhat different procedures;-

PROCaDur FOB ADDITION OF CfHLORIE AS A CATALTST

A one liter suction flask was fitted with a 10 cm. fritted glass

BEchner type funnel and dry chlorine was passed into the flask to displace

the air. One hundred fifty grams of 04-L umcilage were placed in the funnel

and chlorine gas was passed upward through the mass for various times*

The amount of active acid present in the mucilage was determined by

dispersing a 5.00 g. sample in 495 ml. of distilled water in a Waring Blendor

tORNgql 7 THE INSTITUTE OF PAPER CHEMISTRY
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for one minutes One hundred grams of this solution was treated with an

excess of standard HaOH and the mixture heated to boiling. After cooling

the sample vas back titrated to pH 6.35 using a pH meter.

PRDCEMuE FOR ADDITION OF ACETIC ACID AS A CATAlST

A two liter Pyrex reagent bottle was fitted internally with two

flanges made of glass rod fastened by means of scotch tape. These flanges

served to agitate the dry mucilage during the subsequent rotation. One hundred

fifty grams of G4-5 mucilage were placed in the bottle and the bottle was

attached to a ball mill rotating mechanism which was tipped upward at an

angle of about 15-20° . Six 3/4-inch porcelain balls were added and

rotation begun. Nine and one half grams of glacial acetic acid were

sprayed into the rotating mucilage from an atomiser giving a mixture con-

taining 6.33% of acid. After rotation for 0.5 hour to remove any caking

and small lumps the sample was dextrlnised, as shown in Table I.
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COOKING O MUCILAGES POR VISCOSITY MZASUREBfTS

Two and one-half grams of the mucilage were slurried in 175 ml.

of H20 in a tared beaker. Steam was injected to 87o C. and the temperature

was held at 85-87 ° 0. for 10 minutes. The mixture was stirred for 10 minutes

longer while cooling, diluted to 1% concentration and the relative viscosity

was determined at 30 ° C. in a modified Ostwald viscometer.

COOKING OF MUCILAGS FOR TUBSIZIr

Fifteen grams of the dextrinized mucilage were slurried in 250 ml.

of water in a tared beaker and heated by means of direct steam to 87° c.

The mixture was held at 85-87 ° 0. for 10 minutes and stirred 10 minutes

more while cooling when it was diluted to the desired concentration and

used as a tabsize in the usual manner on the laboratory size press.

METHOD OF DETERMINATION OF APPARENT SUGAR IN THE DEXTRINIZUD MUCILAGE

A modified Somogyi micromethod was used for determination of the

apparent sugar. The copper reagent had the following composition;

cusO * 5H20* 7-5 g/liter
48a 406 *4E20 25-0 g

aOO 25.0. .-
Na~iaHf 20.0 g
EI 5-0 g

XIO3 0.535 g accurate.

The chemicals were dissolved in the order given in #0 al. of

distilled water. The KIO3 was dissolved separately and added to the solution

quantitatively. Two liters of solution were made up at one time and the

bottle fitted with a siphon and soda-lime tube.

The sample consisted of 5 ml. of the agitated one per cent mucilage

solution used for the viscosity measurements. A 50-minute heating period

I

I

i

-~~ A- -' -: -"-
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in the boiling water bath was used. This period had been determined in

previous mucilage experiments (see report No. 17).

DEXTRINIZATlOB TMPERBAUOES

When large samples of nmcilage (150-300 g) were dextrinised the

temperature of dextrinisation was difficult to attain rapidly. This was due

to both the bottle and mucilage being cool and cooling of the oven while

making the necessary connections to the bottle. For these reasons the

dextrinisation temperature was not a rigidly controlled factor but aes a

temperature range. For temperatures above 125° C. the time of dextrinization

was started when the thermometer inside the bottle reached 125° C. About

30 minutes were generally required for the temperature to rise from 12500°C

to 143 °C.

BmSULTS AMD DISCUSSION

The dextrinisation data are presented in Table I and several

typical curves are given in Figure 1. From these it may be readily seen

that guar mucilage is dextrinized in a manner similar to locust bean gum.

The viscosity of the final product of dextrinisation depends upon

four factors:-- temperature, time. acid concentration, and purity of the

original mucilage. High temperature alone was found to rapidly reduce the

viscosity of guar mucilage but this almost invariably gave a dark brown

product. Starting with a somewhat purer product such as G4-L resulted in

a somewhat lighter color but the product was still dark enough to noticeably

lover the brightness of a sheet. Increased acid concentrations enabled the

use of lower dextrinization temperatures as well as a shorter time but

the acid for the most part remained in the final sample and continued to

*E _s _·--.P - -. V 24 a~~ ~ ~ ~ WWW.1
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slowly convert the mucilage. It is believed that acid concentrations in the

neighborhood of 0.1 to 0.15 may cause no detrimental effect in this respect

but 0.2 to 0.3% is probably an excessive amount to leave in the final

product. When higher conversion temperatures were used it seemed reasonable

to expect that a considerable part of the HC1 used in these experiments

would be volatilized. However, it was found that the acidity of the dextrinised

products had increased. Analyses of several dextrins are given in Table II.

TABLE II

FPPECT 0 HEATING ON THE ACID CONTEST
O0 DBXTUIBIZfD MUCILAO3

Converted Dextrinisation conditions
mucilage Temp. °C. Time, hrs. Acid %

G38-669 (Go-5) 25 0.116
143 19 o.246

G4S-669 (24-5) 25 0.000
14o 21.5 0.194

G50-669 (G4-L) 25 - 0.266
125-137 0.5 0.252

056-669 (G4-L) 25 - 0.070
143 15 0.116

091-669 (04-5) 25 - 0.217
85 20.5 0.252

Guar germ flour -- -25 - - 0.000
i6o 2.5 0.000
160 46.5 trace

Whether the HC1 volatilized or not is unknown but it may easily be seen that

even the acid concentration of G4-L is increased. This may possibly be the

result of protein breakdown, oxidation of the mucilage by air, or breakdown

of fatty acid materials present in these mucilages. A sample of guar germ

flour was heated at 160 ° C. for various lengths of time but failed to develop

anr significant amount of titratable acidity.

NE-W _.--

aYL
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The use of chlorine gas as an acidic catalyst did not give a

product of lighter color than straight HC1. Otherwise this catalyst

functioned similarly to HC1.

EVALUATIO OF T0 s TUBSIZ2 QPALITIES OF THE DZXTRINIZID MUCILAOS8

In order to use the converted mucilages as tubsises the relative

viscosity at 1% had to be 4.0 or below. Certain products having higher

viscosities than this were evaluated but these could not be expected to

enter commercial use for this purpose. The data are presented in Table III

where it is apparent that fairly outstanding tubsise adhesives can be made

from guar mucilage when the product is in the proper viscosity range. In

figure 2 the percentage increase in bursting strength imparted by a 4.0 

tubsize solution is plotted against the relative viscosity. Locust bean

gum samples G151-654 (Report No. 18) are also plotted and the result seems

to indicate that the lower the viscosity the poorer is the tubsizing

adhesive strength. The guar dextrin samples are quite erratic but if suffi-

cient tests were made to make the data statistically valid it is believed

that the same conclusion would result. It is also apparent from the data

presented that tara mucilage 06-690, flame tree mucilage G15- and G16-690,

and locust-bean gum mucilages G151-654 , G6- and 024-690 are, despite their

greater percentage of impurities, all somewhat superior to guar mucilage.

A similar conclusion has been empirically made for other methods of conversion

and it begins to appear that guar mucilage may be the poorest source of

mannogalactan for conversion purposes. Because so little is known about the

chemical structure of the mannogalactans these differences cannot be accounted

for at the present time. Perhaps when our methylation work is further along

we can proceed to convert guar mucilage more intelligently.
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The mechanism of the dextrinization of guar mdcilage should be

studied more fundamentally. For example it ie possible if not probable that

the galactosides and mannosides in the mucilage chain may be connected by

different linkages. Thus, the mannosides may be Joined by 8 -linkages and

the galactosides by a -linkages. Under such conditions it might be expected

that the a -linkages would hydrolyse much faster than the p -linkages

giving essentially a meanan dextrin. It is obvious that the reverse case

might predominate in another type of mucilage giving a galactoside dextrin.

Furthermore, the way in which the chains are constructed-the pattern of

distribution of mannose and galactose-would greatly influence the adhesive

strength of the dextrin obtained.

The hot water solubility of guar mucilage ie progressively decreased

to a constant value upon dextrinisation at 150 ° C. This is shown in Table IT

and Figure 3. In these experiments oven-dry 04-L vae heated in closed

weighing bottles in an oven at 150 ° C. The solubility was determined by

cooking by the method used for viscosity determinations and 25 g. aliquots

were evaporated to dryness. It may be fortuitous that the solubility becomes

constant at approximately 57%-the percentage of mannose in guar-but this

should be investigated. Attempts to determine the galactose in the soluble

part of the 9 hour sample in Table IV by the method of Wise and Appling

lind Eng. Chem., 16. 2g(1944)] gave a value of 4.0% while a mannose determina-

tion gave 50.$. An untreated sample of guar mucilage gave a similar set of

values which is at present unexplainable. It is believed that the unpuified

mucilage may contain a material which acts as a nutrient for the yeast organism

which does not attack galactose or tich slows down the other organism in

some way thereby causing failure of the method. This is being investigated

further.

At&~~~~~~~~~~t. 1'~M. . P~~~~~~~~~~~~~~~~~ V t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~t
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AL1 ITV

EFTIOT 0 HATIFNG 04-L':MUCILACS AT 150 ° C. ON SOLUBILITI AID VISCOSITY

Time in hours, Viscosity at 1% & 30 ° O.
Seated at Solubility Before After

1500 C. in % Centrifuging Centrifuging

0.0 78-5 too viscous
1.0 . 744 too viscous
2.0 72.4 92-5 3.0
3.° 63.2 16.8 144.
4.0 60.4 9.55 7-37
5.0 58-. 6.41 5.58
9.0 57.7 3.60 3.22

The percentage of apparent sugar In a few dextrins was determined

by a modified Somogyl method in order to obtain an idea of the magnitude of

chemical degradation. It is interesting to note that the amount of reducing

material seemed to reach a constant value in the case of G4-5 mucilage

8S1-669. This property of the dextrins might be profitably studied further.
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Experiments with a Bentonite-:annogalactan Mucilege Complex
end its effect on the Ash Content of Eandsheets

Introduction: Some months ago during a discussion of mucilage problems

with several representatives of General Mills Inc. it was mentioned that

small amour.ts of mannogalactan mucilatges clarified or flocced bentonite

dispersions. This was tried later in the laboratory where it was

learned that as little as two drops of 0.5% guar mucilage would completely

flocc 5C ml. of a 0.5, bentonite dispersion. This phenomenon seemed very

interesting for the following reasons:

1. It is unusual to find two highly hydrated colloids having like
charges which coagulate or flocc -hen mixed.

2. A new type of complex addition product between the bentonite lattice

and the mucilage appears to be formed which may be similar to the
borax-mucil'-e coml 1ex.

3. The complex formation may not be limited to bentonite alone but may

form with the more hydrous fractions of many clays used as filling

materials. Furthermore, this complex formation might account for

the poorer results obtained in some mills because part of the muci- _ . ..
lage was inactivated by reaction with certain hydrous mineral species
in the filler.

. The ccre:: :,ma ret?-- tcme of t'-e - heive properties of the T.'cilnse

ann become useful as a pleans of increasing the ash content of a sheet

of paper. Fine fibers wouli also be retained more completely under
these conditions.

5. A possible analytical tool for nannogalctan mucilages might be
developed.

This report Is concerned with several preliminary experiments with the

-pheno:tencr.. lo.-c1ulation tests ir graduated cylinders were mede with

locust bear. gum mucilage Fnd this wages followed by a study of the effects

of h.entonite-riar mucilege mixtures on the ash and strength properties

of hpndsheets. 9 
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Smoking the buar Mucil-ge

Ten grams of guar G5-5 mucilage were slurried in 1500 ml. of

0.25% borax solution and heate? to 87° C. with direct steam. Then o7 ml.

of 0.3 1I HCL were added and the temperature was held at .5-S37 C. for

10 minutes with continued stirring. After cooling the concentration was

adjusted to 0.53.

Making the "andsheets.

The first series of hadesheets in Table IV were made somewhat

differentl: thnr. the later sets.

Thirty grams of the beaten pulp were measured out into a pail

and 30 g. of tentonite which had been previously wetted first with 30 ml.

of 95% alcohol nad then with 250 ml. of water was added and stirred for

5 minutes until t:-e l mips dispersed. Then 30 g. of the mucilage solution

(1.54 on the fiber) were added with vigorous stirring. After 5 minutes

the mixture was diluted to c.5% fiber consistency and 12 handsheets (1.5 g.

each) were made in the regular manner. The following sets of sheets were

made in addition to the above: (a) a blank with 1.54 of mucilage in

which the bentonite was omitted (b) a set in which the bentonite but no

mucilage was added end (c) a set in which the mucilage was not added

until the stock containing the bentonite had been diluted to C.5f con-

sistency.

All of the remaining sets of sheets were nade by the following

procedure except where certain constituents were left cut for comparative

purposes. Thirty grins of pulp (C. D. basis) were measured out in a

am 41 S
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SOME lXPEREBTS WITH T3L EFISCTS OF GUAR MUCILAGE ON DOUGLAS FIR PLP

INTRODUCTION: -

The principle difficulty encountered in substituting Douglas

i; ,}^ fir kraft pulp for hemlock which is becoming scarce is in developing

; - sufficient bursting strength. Douglas fir gives a long fiber which has

plenty of tearing resistance when made into a sheet but the maximum

bursting strength falls considerably short of that of hemlock and certain

other pulps. It was believed that guar mucilage might possibly supple-

ment this strength deficiency. This report is concerned with several

preliminary experiments made to determine the effectiveness of guar

S.: G4-5 on this pulp.

EXPRIMETAL:

~' The pulp used was a commercially produced sample obtained from

the Crown Zellerback Corporation in the form of wet lap. Our sample,

taken from the large skid in the pulp laboratory, contained an average

of 53.5 % moisture.

Beating of Pulps A and B. Three hundred sixty grams (O.D.

basis) of the wet lap were slushed for 5 minutes with 22,625 ml.of water

t in a valley beater. Then a weight of 5500 g was placed on the bedplate

and the pulp was beaten for 5 minutes. The weight was removed and the

stock slushed while 10.5 liters were removed and designated as Pulp A.

(Schopper Riegler freeness 870). The remainder of the stock was then

O, TENIUoPARV
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beaten for an additional 25 minutes and designated as Pulp B. (S. R.

freeness 800). These pulps were used for making the blanks and the

samples to which cooked G4-5 mucilage was added.

Beating of Pulps A and B with Dry G4-5 Mucilage. The procedure

was similar to that above except that after the first 5 minutes slushing

period the appropriate quantity of dry G4-5 mucilage was added to make

0.5, 1.0 or 2.0% on the 0. D. weight of fiber present. A and B pulps

were removed after the appropriate beating intervals.

Beating of Pulp for Freeness h80. The procedure was similar

to that used for Pulps A and B made for evaluation of cooked mucilage

except the pulp was beaten for 2 hours. S. R. Freeness 40O. This

degree of beating was evaluated only with cooked mucilage.

Procedure for Cooking a4-5 Mucilage. Five grams of G4-5 were

slurried in 300 ml. of 0.25% borax solution and this mixture was heated

with direct steam to 87° c. for 5 minutes. After stirring for 10

.minutes while cooling-, the mixture was diluted to 0.5% concentration-for

use.

PREPARATION OF A.IDSESETS

Blank. Twenty-five grams (O. D.) of stock (1460 ml.) were

diluted to 0.5% consistency and eight 1.5 g. handsheets were made in a

valley sheet mold using 4 stirring strokes and a 35 second interval of

standing before forming the sheet. The sheets were pressed and dried

in the usual manner.

stg r - tt~~~~~~~~~~~~~~~~~~~~~~~~~~ 4'-"A A
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Sheets Containing Cooked 4-5 Mucilage. The procedure was

similar to that for the blank but the appropriate quantity of 0.5%

mucilage solution was added to the pulp and stirred in for 5 minutes

before dilution to 0.S% pulp consistency. Sets of sheets were made at

0.5, 1.0, and 2.0% of G4-5 mucilage based on the weight of 0. D. fiber.

Sheets Containing Dry 04-5 Mucilage. An aliquot of the

appropriate stock which had been beaten in the presence of the dry

added mucilage was measured out and diluted to 0.5% consistency. The

sheets were made as above.

Sheets Made with No Standing Time in Mold. The above sets

of sheets were all made with a 35 second interval of standing after

stirring but prior to formation of the sheets. This was done to empha-

size the formation improving effects of the guar mucilage. At freeness

480 however, two sets of sheets, a blank and one containing 2% cooked

mucilage, were made witnout a standing time.

RESULTS AND DISCUSSION ..

The data are presented in Table I where it is quite apparent

that guar mucilag. does build strength in this Douglas fir pulp. The

experiments, thus far, have not produced a sheet of quite the desired

bursting strength when compared with hemlock pulp. According to data

obtained by the pulp lab for hemlock pulp a bursting strength of about

14s points per 100 lbs. is desired. It is believed that further

experiments might reach this value with the fir pulp.
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The formation values seem to be somewhat erratic, showing little

improvement with added guar mucilage. This is probably the result of the

technique used.. The 35 second interval prior to forming the sheet is

undoubtedly too long for this extraordinarily long fibered stock. The

sets of sheets made with practically no interval in the sheet mold

after stirring showed a decided formation improvement when guar mucilage

was present.
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Cooking of G4-5 :tucilage

Tro and one-half grams of Gh-5 was added with stirring to

.250 ml. of 0.258 borax solution and the mixture heated with

direct steam to S7°C. Dilute MC1 (12.5 ml. of 0.3N) was

added to a nH of 4-5. The temperature was held at about

g5° C. for 10 minutes before diluting to 0.5< mucilage

concentration for use.

Making the Sheets

Thirty grams of pulp (0.D. basis) were measured out at

1.4' consistency and 90 g. of 0.5 . G4-5 mucilege (l.52 on

pulp) was added rith vigorous stirring. After 5 minutes

the appropriate Quantity of magnesium metaborate suspension

was added to give the desired percentage based-on the fiber.

The mixture ras diluted to 0.C - '1? consistency enl s'a.en

1.5 g. sheets were made in the regular manner.

In those experiments in which borax alone was added to - -

the stock containing mucilage, the borax was first dissolved

i.- rater an5 then adde- to th e 'tck. 11 op vr.lues in .he

sheet mold were in the range 9.35-1O.C.

A set of control sheets vas made "ith 1.58 mucilage. After

drying, some of these sheets were dipped in 1< borax solution

and redried.

".1 , - ., M NO -. n Azl ,

sua.. arnOPW<W fl y fiTff
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Results and Discussion

T'he data are presented in Table I where it msy be seen that

smpll amounts of magnesium metaborate and borax, 5-1S, did not produce

a noticeable wet tersile strength. One-hundred Dercent of borax'onthe.

weignt of fiber -till did not show improvement but simultaneous addition

of 1001 of ragnesium metaborate and.-100l of borax about equalled the

wet tensile strength developed in the borax dipped control sheets.

.-

It arnears that the amount ofborate necessary to develop the

-et tensile 'iDnt be economically prohibitive cut further e.roeriments

with this method should be made before a 'definite conclusion is reached.

"he use of NaOC or Va2C)3 along with borax and magnesium'metaborate

mav intensify the effect and enable much smaller Quantities to be used.
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0.1N NaCH to a nhenolnhthnlein end nlint. According to this method the

untreated locust bean -urn contained an average of 0.33144 of acid

calculated as 301l.

After the acid hat been absorbed, the mucilage was allowed to

condlition or telnor at room teumeratu~re for at least 16-24 hours before

dextriniztng, in order to dIstribute the acid as uniformly cis nos5!ible.

Tujbs i zting.

Fifteen grams of the jextrinized mucilage having a .,izrkable

viscosity were mFixed with 250 ml of distilled water and heat ed with

direct steam. to 8700. The temperature raF held at S5-870C. for 10

minutes and then stirred for 10) minutes more ,1hile cooling. The mixture

was dIluted6 to ~41 concentration and also used as a tuboiz-e at 55-%60.~C

The reatIr Iscosit`es of' the 7ar!;ous rrotjcts were determied PAt

one rer cent concentration and 3000. usirv: modified Cstweld Vtscometers.

-Results and fllsc-uF-ion: -- -

'The conversion Alata are zieven in 'Table I and the t'Thstze data

sA ~e ":la ly c onverted4 nrolucts are in Table II.

it apr-ears Frorn the uisie data that this method of c:-nvers<ion

yields trokai~ts tcozeec?±nE c'ltetgn3i~ng troterties a: tubsize adhesives.

Pro~uot 1 -654 dextrinized for S hrs~. at 15000. and ~an a~cid~ concentration

of O.1±74 ~a-e a --0t increase in 1ttrstinz~ strength Pnd 24~2.< and l19A Increase

in the rmschineari cross directions recoectively in f015iin2 endurance. Further

dextrinization nrczressively lowered there streng-th increases but the lower

VON ��- .M . M _', .3 .34 - "m - -- ;W-q-ffgn �_,a I M�,,,f I II I"AM m
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viscosity products of high adhesive strength were much better than

starch tubsize adhesives.

One detrimental property of the 'extrinized rucilage is

the dark brown color. It is believed that this may be alleviated

to a considerable extent by using a bleaching type of acidic catalyst

such as chlorine.

ure Work:

Work on dextrinization of guar mucilage will be pushed as

rapidly as possible. Other acidic catalysts will be investi-fted.

~ .~ i.~- ~ . . . ~~~ .~ ~.~,,~ ~ .r~E , Lk -
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STUDIES ON MAiXNOGALACTAN COlVERTING 3NZYMES
I. The Relative Rate of Sugar Production

Under Various Conditions

I:TRC ThCTION

Enzymes capable of converting mannogalactan mucilages suitable for

tubsizing were prepared and described in Report No. 16 of this project.

The strength features of the converted mucilages prepared with these

enzymes were not as great as expected or desired. The reasons are

unknown at present but several were suggested in the discussion of

Report No. l6. One of these reasons--rapid sugar production--has been

investigated to some extent. It was conceivable that the rates of both

sugar production and reduction of viscosity might differ materially at

various temperatures and pH values because of the effects of these

conditions on various components of the enzyme mixture. The present

report is concerned with several experiments of this nature.

EYXERIMENTAL ' ' ' '-

It was decided that the best technique would be one in which both

viscosity and sugar could be measured on the same sample at any specific

degree of hydrolysis. After several series of orienting experiments the

following method was decided upon:

One hundred grams of 0.5% borax cooked G4-H mucilage was weighed

into a P50 ml. Erlenmeyer flask and the appropriate quantities of buffer

end water added, leaving room for the enzyme. The flask was placed

in a water bath at the desired temperature, and after 15 minutes,

THE INSTITUTE OF PAPER CHEMISTRY

m * vct ½ _-04 F &_ I W_
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0.0025 ml. of the enzyme was added with shaking (0.5 ml. of a solution

made by dissolving 0.5 ml. of the concentrated enzyme in water to make

100 ml.). At 10, 30, 60, and 120 minute intervals, 25 ml. aliouots of

the hydrolyzed mixture were removed and added to large test tubes

containing 2 droos of 51 sodium hydroxide. The tube was immediately

cooled under the tap (if necessary) and 10 ml. added to an Ostweld

Viscometer at 30° C. The viscosity was determined and calculated as

the percentage of the original viscosity of a blank.

The remainder of the sample wps used immediately for determination

of the apparent percentage of sugar by a modified Somogyi micromethod.

The copper reagent had the following composition:

OuSO -5E20 7.5 g./liter

EaC40H 4 06 '4H20 25.0 g.

_Na2C03 25.0 g.

YaHOCO3 20.0 g.

KI 5.0 g.

KIO3 - 0.535 g. accurate

The chemicals were dissolved in the order given in 850 ml. of

distilled water. The KIO3 was dissolved separately and added to the

solution quantitatively. Two liters of solution were made up at

one time and the bottle fitted with a siphon and soda-lime tube.

A zt -~~~~~~~~~~~~~~~~~' - --- ' agfg~

:V 04e I bt --Itig4 T,"
I__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _4 ' -r r
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A Somogyi reagent containing potassium oxalate was also tried but found

to be unsuitable.

A standard sugar curve was made with a mixture of mannose and

galactose. Vacuum dried d-mannose, 0.3744 g. and d-galactose, 0.2656 g.

were dissolved in water, three drops of toluene added and the mixture

diluted to 100 ml. Then 5 ml. of this solution was diluted to 100 ml.,

various volumes placed in large test tubes (5, 4, 3, 2, 1, 0 ml; two

each) and sufficient water added to mare 5 ml. in each tube. Rive ml.

of the copper reagent was added to each tube and the tubes heated in a

boiling water beth 30 minutes, acidified with 5 ml. of 'N 32S04 end

titrated with 0.005 N sodium thiosulfate in the usual manner. Blanks

were also run and the differences in ml. of 0.C05 N thiosulfate between

the blank and the sugar sample were plotted against the amount of sugar

present. This curve was used in subsequent experiments to determine the

appnnarent amount of sugar. present in the enzyme hydrolyzed simple

TABLE I

TEIOSUIJAT! EC^UIVALSE-TS OCR A MIXTJR3 CY M^T'OSE S d AJjACTOS3
(5S.5% d-iannose, 4hl.5 0d-galectose)

Amount of Sugar Thiosulfate Equivalent
mg. in ml. of 0.005 N

O.CO O.CO
0.32 1.89
o.64 3.92
o. 96 0.13
1.28 8.11
1. 6 10.03

4 .4 . 4
It ~~~~~Q S
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Determination of Apparent Sugar Present in the
Enzyme Hydrolyzed Mucilage

It was necessary to first determine the effect of the length of

heating the sample in the presence of the copper reagent. A sample of

G4-H was hydrolyzed with 0.5% of enzyme No. 97 at a consistency of

0.455, 30°C. and pH of 5.2 for various lengths of time. Samples were

removed at 10 minute, 60 minute and 22 hr. intervals and the apparent

sugar determined at various intervals of heating in the boiling water

bath. The data are presented in Table II where it may be noted that a

10 minute hydrolyzed product reached a constant apparent sugar value

at 35 minutes and remained fairly constant up to 60 minutes.

Hy

m

TA3LE II

EF7ZCT CF TIUE OF :3ATPI-G ON AFA=--T
SEfAa CO1Hu:T 0F 9UAR G4H HY ?CLYZS zD 'ITH 3NZY3 NO. 97

FOR VAPICUS Ir:TERV.SS.*

drolysis Time Heated Thiosulfate Apparent
Time, in Boiling Reouirement P _ercentage

inutes Water Bath 0.005 N of sugar

10 0 0.C 0.000
15 O.cO 0.422

35 0.75 0.511
45 0.75 0.511
60 0.73 0.533
70 O.65 0.444

60 35 1.10 0.778
45 1.22 0.867
60 1.20 0.45
70 1.05 0.733
so o.8o 0.555

22 hr. 15 4.55 3.22
35 0.77 4.78
45 7.05 4.98

60 7.15 5.04
70 7.25 5.11

*0.45% G4-H as substrate
0.0025 ml. No. 97 enzyme
pH = 5.2

., -0,t. .'51 -,~~~~~ ., . a A . _., .. ...... ...... _......_.._...
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DISCUSSION 0 RE3SULTS

From an inspection of the data plotted in Figures 1 to 3, it

appears that the amount of sugar produced is not excessive. Two.hours

hydrolysis at 650 C. produced an apparent sugar content of 2.153.

There were only small differences in the rate of apparent sugar production

at different pH values although the differences at 65° C. were relatively

greater than at 300 C. because of inactivation rates. This is apparent

from the non-linear sugar curves at various pH values at 650 C. (Fig. 2).

Autoclaving the mucilage solution at 120° C. for 30 minutes did not

increase the apparent sugar content of the blank.

On the basis of the fact that somewhat less sugar is produced at

pH values of 7.0 a tubsize conversion was made at this pH value. It

required several times the usual ,uantity of enzyme 97-2 to reduce the

viscosity to a workable value and the tubsize characteristics were not

outstanding (see Tl31-654).

.. ,,_..,. 
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