ﬁgﬁg H e e D e S T Sl S ey LT ':;ﬁ’:;‘@z?“'- é
T L SRS Loty ¢ 4, T g A DLl ? Ct 3 Y 5 S da it *
?, S ey At 3 UTE OF PAFEP CEEMISTRY 1943
SR L T S AR S (Testing of New Materials)

Project Peports

— e <<
: !
Institwte of Paper Science and Technology
Centra! Files
S



/ ey ~
PROJECT NO. Z1g

REPORT NO._____ 5 ~
Covies to: Piles " ' ph e z
Stecte DATE Dee, 13, 10L7  Pye-pi Tens, =

Dr. Rowland NOTE BOOK__ 530

Mr, Swareon

John W. Swanson

PURTETR TXPITIMENTAL COHVESSICNS OF LOCUST BRAN GIM

This renort desls with some exnerimentzl work on ithe conversion
of locust bean gzum by two additionsl methods, (1) degrazdation in hot
glycerine and, (2) oxidztion by acid dicrromete solution.

I. Oo version Procedures
A, Glycerine Degradstion of Gum Gl02-505

Forty zrame of locust hean zup were mixed with 250 ml, of
glycerine in a 400 ml, bealer ard nlaced LDO“ a ¢r2ll not nlate., The
mixture was stirred mecharicelly while the tem-ersiure was reiced 4o
170° c¢. during one hour, At this temersture tumoing became so vislent
that it was necessery to turn off the heat supply snd allow the mixture
to cool %to room temerature., The ratrer dark drown mixture was mixed
with an equal volume of 95% ethyl alcohol and stirred vigorously for
some time, The zum was filtered off on a Buchner funnel and resusperded
in fresh aleohol, filtered and then extracted in e Soxholet evtractor for
13 hours with 85% methyl alcohol. The mroduct was air dried for 2 davs
and possecsed a light wrown color,

B. Glycerine Degradation for Gum Gl07-506

Twerty-Tive grans of locust “ean zum were nmized with “"0 ml, of
zlvcerine and heated on a hot plate as be;ore. Wrer tre temversture resched
100° €., timing was started anrd heating wasz centinued 2t such 2 ute that
the temperature rescned 217° C. in 23 minutes, The mixture was then 2llowed
to cool repidly to room temperature and was poured into 2 volunes of 95%
ethyl alconol, filtered and then extracted for 16 hrs. with 35% metrnyl
alcohsl. The zum was then zir dried and apveared to be much darker brown
in color than gum 6102-506.
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C. Potassium Digrhromete Conversion 638-530 (1.5% availatle
oOXyien on gum).

Twenty zrams of locust bean gum were dusted inio 26U rml, of
water in tie stean cooker and then 30 ml, of 0.1 ¥ potassium dichromate
and 76 ml. of narmal oxelic acld were etirred into tre mixture. After
about 10 minutes at roem temueraiire, the yellow dichramste eolor dis-
appeared and the viscous mixture “ecame white, Steam was then injected
at such & rate that the temmerature was raised to 950 €, in %en minutes,
During this time the color became a greenish violet and a rawid thinnirg
out wes noticed at ebout 859 €. TUpon remsching 95° C. the mixture wes
welgrhed and immediately diluted to 24 gum concentrztion, cooled to 50°
C. and used as a tud size on 2 100% rag stock,

The adove converted product 2s awnlied to the sheet was cuite
strongly acidie, Ten ml., of the zum solution were titrated with 0.1 ¥
NaQF which indieated that the solution was 0.059 N ir oxalic acid or that
17 ml. of the origzinal oxalic acid hed been consumed by the dichromete
during the conversion period, In the next conversisn a2 smaller relative
anount of oxalie acid was used,

D, Potassium Dichromate Conversion 6LO-530 (L,8% available
oXymen on the zum).

Ore hunéred ard twenty ml., of 0.1 ¥ potassiunm dickromete soiubtion
and 30 zl. of ¥ oxalic acid were mixed in tre cocker 2nd twentv grame of
locust vean gum sdded with stirring, Tre nmixture becaze cuite viscous and
the color gredualiy became violet. T-e reaction was allowed to nraceed
for one hour and twenty minutes during which time the femmerature increzsed
about 3° C. Then 280 ml, of water were stirred into the mixture and the
tenceratire was raised to 95° C, in 15 miruies, MPrinninz of the solution
was much slower during tlis conversion then with the G38-530 conversion,
For this reason the temperature was neld at 202 C. for 20 ninutes more
and then the nixture was diluted to 2% zim concentration and used as &
tub size at 50° 0, Titration of the gun colution showed that only 18 of
the 20 ml, of oxalic acid were used un during trhe conversion.

2]

. Potzssium Dichromete Conversion GLL-530 (104 availabdie
oXygen on the gun).




Two pundred-fifty ml, of 0.1 ¥ notassium diciremate, 76 ml, of
¥ oxalic scid and 51 ml, of wazer were m'zxed togetner in the coocker and
20 g. of locust bean zum adéed with vigorsus stirrinz, The nixture was
allowed to rezct for one hour during which time 3% C. rise in temperature
was noted, Then N soéiun dicarborzte solutisn wes added in 5 mi. portions

~until & u¥ of 5-T.wes ettained (recuired 40 ml.).. After standing for ome . _

hour trne termerature was raised to 95° C., held there for 5 minutes and
then the solution wag diluted to 2% zum concentration and used as & tud
size et 50° C. Runs were nede with both the usual high roll pressure and
a lew pressure. The latter was obtained by plecing a fitied dlock of wood
on the roll swrings end 2dding two 1000 zram welgnts,

II. FHendsheet Zvaluation of the Glycerine Converted Gums

The glycerine converted gums were evaluznted both in the Waring
3lendor and tie Valley beater, Tre Waring Plerdor evalustiosn wes mefe in
order to obvain ssme idea 2g to the disversitilisy of the zums in comnarison
to the disnersibility of the alcokhol acid hydrolyzed gums given in Revort
Ro. 1. The msthod of evalusrtion was tre same and details may be found in
Report ¥o. 1 or pages 111115 of notedbook 506,

IIT, 7Tub Size Tvaluation of the Glycerine Converted Gums.

Elgrt erams of the zum (0,D. besis) were slurried in 524 mi, of
water and the temnerature wes raised to 95° C, in 20 minutes, After deinz
held at 90-95° ¢, for 5 minutes the mixture was diluted to one ner cent
g1 concentration 2nd uced as a tub esize in the small troush at 50° C.

RESULTS AND DISCUSSION
I. The Blycerine Cainverted Sums

It is quite evident from the data of Table I that the gums converted
in glycerine were altered to 2 consilerable exitent, Tnls ig eho'm both by
the relative viscosity measurements and the strength oromerties. Tae latter
exhipit some interestinz relatisnshins. MThe burst, fold, etc, show that this
type of conversion makes the locust bean gum more roadily soluble in ¢old
water., The fact that the Gl27-506 oroduet eave lower wvalues than Gl02-508
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TABLE IV
RELATION BETWREEN CUPRAMMONIUM FLUIDITY AND TENSILE STRENGTH OF VARIOUS HYDRO-
CELLULOSES AND OXYCRLLULOSES '

Loss in Ténéile Strength From

Cuprammonium  Treatment with  Treatment with | Treatment Preatment with
Fl;igity any acid K20r207$+ (COOH) 5 With$Na061 K20r207%+ R, 50y
10 10 . . .
* 3 é 25 11
g * 16 7 26

gsome data on one of our better chlorinated products are included in Table V.
The lower values obteined in the case of the product oxidized with sufficient
dichromate to furnish 104 of oxygen on the gum may prodably be accounted for
either on the basis of over conversion or breakdown of the allmli-labile
linkages due to the addition of the NaHC0;., Further investigation of this
poirnt would be necessary for a definite cdnclusion.

On the basis of these results it would seem wise to investigate
other types of concomitant oxidations which do not develop & poor color as
a result of the reaction products., Several attacks along this line are being
made at the present time with chlorine as the oxidizing agent,

SUMMARY

1, Several more converted locust bean products were made by two new
methods (a) degradation in hot glycerine and (b) oxidation with acidic dichromete
solution,

2. fThe glycerine converted products were found to be more readily
dispersible in cold water than raw locust bean zum and one of the products was
found to be amlmost the equivalent of cooked locust bean gum when evaluated
in an unbeaten pulp.

L
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3. The tub-size values of the glycerine products were not particulerly
outstanding. The bursting strength was fairly good dut the folding endurance
WAE DOOT.,

L,. The better dichromate converted products were evaluated as tub
sizes and found to be distinctly superior to any converted gum thus far
examined in this work.
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Subject:

Paper tests and other physical property measuremeﬁts on varlovs
species of dry-milled endosperm mucilages.

General Procedures:

Most of the data glven in this report had previously been
transmitted to the interested parties and are compiled and analysed here
for the record. The data will de given {n the order in which they were
completed,

.- Three milled products were received from G.M.I, on Octobder 1,
1943, These were as follows: (1) a methyl alcohol extracted gusr mucilage
G2, #82362k4; (2) o new milling.of flame tree mucilage G9, #R22640;

(3) guar protein or embryo flotr-EY,“$R23112 for tests of its.properties
in paper as wvell as tests on its efféct upon other mucilages in paper.

The paper tests on these materials were carried out on the same
pulp and by the procedures as described in the standard procedures in
previous reports. Locust bean gum was again used as a control sample.

Bach was added in both the cooked and raw conditions with the exception of
the Ei embryo which could not be dispersed in hot water and was therefore
added in the uncooked condition only., The effect of the embryo material

on a mucllage was firgt tried on locust bean gum where the cooked bean gum
vas added to the pulp suspension and then followed by the uncooked protein
givianz only a short period of contact time before the preparation.of . __
sheets. In a later serles of experiments the protein material was first
nixed with an endosperm mucilage suspension and then the mixture introduced
into the pulp after a definite time. The gheets were again tested for
formation, bursting strength and wet tensile, the latter test on selected
sheets which were dipped into 1% borax solution and redried to set up the
mucilage,

The test results are given in the accompanying tadles I, II,
and I;Io

_ y -
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From these tables it can be seen that the scmples tested are
auite deficient in fiver deflocculating vroverties when compared with the
cooked control semple, the locust bean gum. The flame tree bean mucilage,
however, ls better than the alcohol extracted guar sample and compares
favorably when added zooked, with the results for the uncooked locust bean
zum addition. The guar vroteln appears to have very little effect upon the
formation elthough the small imorovements noted ere real, It has no
deleterious effect upon the deflocculating nromerties of the conirol sample
- when added by the vprocedure described as indicated by the results at the bottom
of Table I, i

T™he cooked flame tree mucilage $R226L0 shows itself to be almost
asg potent as an adheslve of the sort desired here as cooked locust bean
gur, from Table II. The other samples and addition methods exhibit falrly
good adhesive propertles when compared with the uncooked controls but
are definitely inferior to the control when added in its most effective
form. The protein shows practicelly no adhesive pronerties and likewise
hag little effect upon the adhesive characteristics of a good mucilage
Incornorated with 1t,

Table III shows the wet tensile strenzth results for the sheets
contalning the various micilages and given 1.09 sodium tetraborate dippings.
411 of the mucllage sampnles glve falrly zood results when compared with
the blank {but dipved} sheet. However, the coocked control sample, the
locust bean gum, 1s quite superior to the rest. The flame tree bean
mucilage when added after cooking 1s about as effective as uncooked locust
bean gum in this resvect. The orotein shows some slight positive results
indicating that a small amount of manno-zzlesctan is present as an impurity.
No other materiel as far as 1s imown will set up to a water-insoluble
adhesive product with borax under the conditions descrided.

A revort was received at this doint which stated thet the G9
flame tree bean mucilage #R22640 (the one tested above) showed little or
no strength increases on a moderately hizhly hydrated furnish (M. & O.
laboratory results). To disprove these results a furnish consisting of
groundwoosd, unblezched sulfite, and dleached sulfete was besten to the
low freeness of 325 cc. Sch.-R. at 20° . Rosin size and alum were added
by the conventional method toward the end of the beating cycle. Additlonms
of the mucilages at “he dilute concentretions of 1/2 and 1% were made to
the beaten pulps as described in Teble 1V. These materials vere added to
the puln on the basis of 11% moisture content and the percentaze figures
glven are besed on these weights and the oven-dry content of the pulp
furnish .
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The powdered mucilagee were welghed on tne analyticsl balence,
their molsture conients neving been previously determined, and dusted into
stirring 80° C. water on a water bata. The G mucilage was cooked at 1/2%
solids for 10.0 minutes at 30° ¢. and cooled by top water before addlition
to the beater tulv suspension. The yellow guar mucilage # R22378 was
cooked atl.0% solids ani after coollng, was homogenized in the %Waring
Blendor at 1.0% solids, the Blendor runcing at top speed for 3.0 minutes.
This was followed by dllutlon to 1/2% solids using the dilution water
for rinsing the homogenizer. This gave a very viscous suspension at’
1/2% soltds. It was free of the large undlepersed particles waleh
were rresent after the cooking procedure. After this mucllage suspension
wes applied in the first serles of experiments, it wss mixed with 1/2
voluze of 1/2% solids cooked guar embry E4 #R23112. This was done to
determine whether the yresence of the urotein had any effect upon the
desired progertiea of the mucilsge. The EU proteln wzs first cooked
eglone at 80° C. for 10 minutes and cooled. The data in Tavle IV show
the followlng: definite and merked improvements in the formation,
bursting strength, folding endurance and tensile strength are exhibited
oy these small amounte of gum on tais low-freeness, krigh-groundwood~-con-
tent furntsh. For instance, the 1% concentrztion of the flame tree bean
micilzge gives a 12 increzse in formztion number, e 9.3ﬁ increase in

bursting streogth, 2 36.5% increase in fold and an 8.9% increase in tensile.

There 18 no reason to Belleve that these improvements could not ve
achieved in mill operstion rrovided the stuff were prorerly handled.

The presence of the proteln does not interfere with the strength giving
properties of the guar muicilage as indicated, and aide its fiber defloccu=-
lating properties since better formation results are obta'ned where it

is used with the mucilgge.

Viscoslty tests were made on this new G9 mucilage. The same
plpette and conditions were employed se for tie viscosity tests in
previous reports. In addition, a zZortisn of the rZowdered GY was cooked
in water mede alkaline to pH 9 to G.5 with ¥aOH for viscosity tests
with and witbout toluene as a preservztive both before znd zfter =ging
for verious periods of time. For ecomrerison with the previous G5 szmpdle,
a disrersion in distilled water was first tresared by cooking according
to tpe standsrd schedule. The viscosity results, which should be gom-
pered with tnose obtained previously, sre given in Table V. The solids
figures given are based on a mucilsge contalning 11% of molsture.

Table V

Fipetie Viscoslty of GJ #R22640 lucilage et 30° 2.

fercent Solids Viscosity Seconds Zelative Viscosity
0.5% 18.9 3.500
0.L% 14,2 2.705
0.3% 10.9 2.076
0.2% 8.5 1.619
0.1% 6.7 1.276
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For the slkali cook of sample G9 $R226L0, two liters of tap water
were treated with 2.0 cc. of 5.0% Ne(H solution. This produced a nE between
9.0 end 9.5. ZRight hundred cc¢. of this water were heated to 309 C. and the
welzhed amount of G9 opowder dusted in and cooked as ususl, FNo differences
were noted in the avppearance of the alkali cooked G9 when compared with the
nonalkali cooked batch ahove. Cstwald ninette vlscosity tests on the 0.50%
solids samole gave 19,0 secnnds or a result oractically identical with the
sample cooked above, A volume of ahout 70 ce. of this alkaline sample
and an equal volume sample but c¢ontaining an added 1.0 cc. of toluene were
stored in separate stoonmered test tubes in a constant temverature water
bath at 30° €. for viscoeity tests after aging. In addition the guar
mucilage Gi-2 #R22602 after suspendingz in cold water was also aged at 30° C.
in stoppered tubes but containing (a) no preservative, (b) formalin,

(¢) toluene. A weighed amount of the R22602 was dusted into room temnera-
ture distilled water and stirred for a veriod of 1/2 hour. At the end

of this perlod, the contents were weizhed and found to be 3.0 z. light.
The suspension was then divided ints three nerts and 1 g. of distilled
water added to the first, 1 z. of formalin to the second, and lg. of
toluene to tre third. 7he viscosities were them run at 30.0° C. and the
samples stored for eging as alove. The azing at 30°% C. was cerried out
for as long as 208 hours. These a2zing erneriments were carried out to
attemct to explain the reasons feor tne degradation and reduction in
viscogity on standirng in non-sterile and sterile conditions. It was
thought that if the degradation were due to contamination by bacteris from
the air, that both toluene and formalin would be able to stop the action,
and that if it were due to & natural self-contained enzyme of a urotein
nature, that formaldehyde mizht lnactivate it while toluene might not,

The data are not complete enough to form any definite conclusions since
only one aging temperature was used and no bacterislogical tests were
nede on the so-called sterilized semmles to determine the exact sfate of
thelr sterility--for instance, enough of the toluene might have evanorated
during the veriod of removal of sammle, that its effect as a bactericide
night have been negated toward the end of the experiment. The results
2re gziven in Table VI,
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TASLE VI

Ostwald Firette Viscositiss®* at 30.0° C. of 0.5%03% Solids Mucilage Sustensions
aged Tor Verious reriods st 30° 2. in & Water 3ath, i- Seconds

Immediztely

Eucilage and - - after. . Aged . Aged Aged Aged  Aged Agzed

rreservative Frep. 1lo ar. 40 mr. ol ar. &8 br. 112 hr. 208 ar.

GY cooked at pH §, 19,0 sec. 16.9 5.5 0.2 5.7 Disezrded
No Fres.

GY cooked at pH 9, 17.2 13.8 o.7 5.5 Discarded
toluene added

Gl-2 Uncooxzed, 24.5 1.8 14,7 12.5 Tutrified
Yo rres.

G4-2 Uncooxed, 23.9 15.4  12.5 10.1 8.4
witih toluene

Gb-2 Uacooked, 24.1 17.3  15.7 4.2 11.3

witn formalin

* Water st tils temperature runs 5.295 secends Ln tnis SiTpette

Two samples of gusr Gh=2 mucilsge were received from G.M.I. for caper
tests and viscoslty messurements. These two sesmples, #R23830 and $#R23871L,
were zlcohol precipitated fractions of 2z nroteian-free and seed cost-free
G4-2 milled gusr vprepared by hot water susvending, purification by centri-
fuging znd frectlonally preclziteting with nethyl alcohol., The 223230 wes
e fibrous tyre of mmcilsge while the other was a non-fibrous or granular
tyre of imcilage when dry. 3oth of these samples as well as flame bean
muecilage and locust bear gum were csooXed by tae standard rrocedure before
tne usual ueper tests on lightly beaten blegehed aulfite. Humerous doush-
bzlls were gresent ln the cooked alcohol~crecipitated mucileges. In order
%0 smooth these out, ezch wes glven two Tasses tarough the hand orerszsted
nomogenizer (mild sction) after cooling to room temperzture. The Cstwald
tizette viscosity (H20 = 5.25 sec. at 30° 2.) of these 0.50% susrensions
were: $i23830 - 73.6 seconds and for the E23831 - 140.0 seconds. The
resultant sheei vroverties zre displayed in Table VII. It can be rezdily
seen from the table that slthough the non-fibrous guar frection was more
viscous then the fibrous fraetion, the fiber dispersing powers are no greeter
ag indicated from the formation results. The flame besn mucilage which hnzs
cuite a»low viscosity 18, suprisingly enough, a better fiver deflcgculant
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TABLE VII
FORMATION NUMBERS, BURSTING STRENGTHS AND WET TINSILE
STRENGTHS OF MUCILAGE TREATED SEEETS

Thwing Formation Numbers

2% Addition - 14 Addition - 1/2% Addition
g
g d -t
R g 3
3 s 3 T %
e r~ b — ¢ -
2 A 3 M )
N N }ﬁ‘ 2
% £ - EE
g = . g @ . g % .
P2 g 9 & 9 u 2
Type of Cooked 2 E = 3 3 s g ‘5 —
Mucilage Added b . ~ w® i .
Fibrous pip't of GL-2 37.8 3 29.5 36,8 3 25.6 %6 L4 21,5
¥o, R23830
Non-fibrous p'p't Gi-2 37.% 4 27,6 = 36,4 ¥ 24,2 36.0 3 22,9
¥o. R23831 )
Flame Bean gum G9 42,8 2 6.1 38,9 2 32.8 36,1 2 23,2
No, R226L0
Locust Bean Gum 5,7 1 56.0 43,1 1 47,1 2,1 1 u3.7
Blank sheet 29,3
Bursting Strength in Pointa
Fibrous p'p't of GU=2
No. R23830 28,0 3 68.7 26.8 2 6l.h 23.1 3 39.2
Non-fibroue p'p't Gl-2
No, R23831 23,7 4 2.8 23,1 4 39,2 22,2 4 33,7
Flame Bean Gum G9
No, R226L0 .5 1---83:7 25.7 3 5u.¢g 24,1 2 8.2
Locust Bean Gum 29.8 2 19.5 27.4 1 65,1 24.9 1 50.0
Blenk sheet 16.6
Wet Tensile Strength in Units
Pidrous p'p't of GlU=2 7.4 2 393 5.9 2 293 50 1 233
Fo. R23830 . .
Non-fibrous p'p't GU-2 5.9 4 293 5.2 4 2h7 .0 2 233
No, R23831
Flame Been Gum G9 1.3 3 387 5.7 3 280 4,3 4 187
Yo. R22840
Locust Bean Gum g4 1 460 6.8 1 353 4,8 3 220

Blank sheet 1.5
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then the more viscous and purer guar samples, It does not, however,
approach that of the very much more viscous locuat bean gum, An
explanation for these phenomena would be a conjecture at the present
time, but it is evident that the three factors of (1) length of the
molecule, (2) shape of the molecule and {3) degree of degradation

from their natural state, are involved, The bursting sirength results
again show that this sample of flame bean mucilage is about equal to
locust bean gum as an adhesive, Both of these outrank the guar samples,
and of tre latter, the fibroue type is definitely more potent. Excellent.
water-proof adhesives are obtained from all of the samples from a study
of the wet tensile strenzth data, but fhe locust bDean gum still leads

. the list, The borax gel from the fibrous guar is etronger than that
from the non-fidrous, The Ostwald pipette viscositles of the cooked
0.50% milled semples were: flame bean No, R226L0 - 19,3 seconds;

locust - 428.0 seconds at 30° C,

Tegts on Commercial Papers:

Mill laboretory trials at Minnesota and Ontaric Paper Company
with the G9 flame bean mucilage No, R22640 indicated that although they
obtained a 60% increase in bursting strength of their kraft sheet with
the dooked materisl when added to & lightly beaten furaish, 1ittle benefit
wag derived from it at papermaking freenesses, For trials in this
laboratory, large samples of M, and 0. wet lap kraft and unbleached
gulfite pulps were obtained. TFor the kraft pulp & standard beater
experiment waes made, with the beating intervals: 10, 40, 70 and 100
minutes. Two 10 g, (0.D.) batches of pulp were removed at each interval,
one for the untreated systems and one for the 2.0% additions of cooked
G9, The test results are given in Tadle VIII, The data do not form
ag gmooth curves as expected, but they certainly digprove the statement
that little effect will be produced by thie gum on highly hydrated kraft,
Note especially the 100 minute beating interval in Table VIII. Here the
pulp is beaten far beyond that ever used commercially for this pulp,
to & Schopper-Riegler freeness of 130 cc., but st1ll there 1is the
remarkable increage in bursting strength by the gum of 22,6% over the
untreated sheet, There 1s also a 20% increase in folding endurance
and over & 100 increase in tenaile strength, A freeness of 465 cc,
as in the 70 minute beating interval 1ls prodadly closer to what the
pulp would usually run on a mechine (or possibly slightly less beaten)
and if a mill could consistantly obtain the improvements shown for this
70 minute interval by 2% of this mucilage, i.e. 11.3% increased bursting
strength, 22,1% increased folding endurance and 7.14% increased tensile
strength, it would pay a good price for the material even though it
were used on as cheap a sheet as a kraft,
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SHEET TEST RESULTS OF M, AND O, KRAFT

'WITHOUT AYD WITH G9 MUCILAGE

10 Minute Beating Intervsl

Freeness, Sch-R, 20° C., cc.

Sheet Basis Weight, 25x40/500, 1b,
Bursting Strength, pt./100 1b,
Burst, % Inc, over Untreated Sheet
Folding Endurance, M,I,T,

Fold, % Inc, over Untreated Sheet
Tensile Strength, 1b,/in.

Tensile, % Inc. over Untreated Sheet

40 Minute Beating Interval

Freeness, Sch-R, 20° C,, cc,

‘Sheet Basis Weight, 25xh40/500, 1b,
Bursting Strength, pt./100 1b,
Burst, Inc, over Untreated Sheet
Polding Endurance, M.I,T,

Fold, % Inc, over Untreated Sheet
Tensile Strength, 1b,/in,

Tensile, 4 Inc, over Untreated Sheet

70 Minute Beating Interval

Freenese, SchsR. 20° C,, cc,

Sheet Basis Welght, 25x40/500, 1b.
Bursting Strength, pt,/100 1b,
Burst, % Inc, over Untreated Sheet
Folding Endurance, M,I,T.

Fola, 4 Inc. over Untreated Sheet

TPenaile Strength, 1b./in,
Tensile, % In¢, over Untreated Sheet

100 Minute Beating Interval

Freenese, Sch-R, 20° €., ce.

Sheet Basis Weight 25xu0/500, 1b,
Bursting Strength, pt./100 1b,
Burst, % Inc, over Untreated Sheet
Folding Endurance, M,I,T,

Fold, % Inc, over Untreated Sheet
Tensile Strength, 1b,/in,

Tensile, % Inc, over Untreated Sheet

835
4.8

104

1134

27.2

760

53.6
143

1273
38.1

465
51.7

151

132k

h0.6

190
52.%
137

1432
37.8

With 2%
Without  Cookad G9
Additive No, R22640

830
53.0

133
27.9

907

11,3
1616

22,1

3.5

7,14

165
51.3

168
22,6

1721
20,2
.2
10.6
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That M. and O. unbleached sulfite is more responsive to the
action of the G9 mucilage than is their kraft, is shown in Table 1X,
Only two beating intervale are included here because the pulp was of
the rapid beating type (possibly high pentosan content) and the 70
minute beating interval from which no sheets were prepared, had a
freeness of 100 cc.--s80 low that the sheets could not be couched
properly, But note the excellent strength increases at the 10 minute
beating interval: 32,1% increased bursting strength, 194, 4% increased
folding endurance and 29,9% increased tensile strength. It is also
interesting to note that the sheet beaten for 10 minutes and containing
the muclilage is much stronger than the more highly beaten gheet of the
40 minute interval containing no additive and which is probably quite
close to its natural maximum strength. This result might indicate that
the adhesive properties of thie mucilaze when applied by the method used,
is stronger than the gelatlinoue material odbtained from this pulp on
beating,

TABLE IX

TEST RESULTS OF G9 MUCILAGE ON M, AND O, UNBLEACHED SULFITE FULP

. With 2% Cooked
Without G9 Mucilage
Additive No, R22640

10 Minute Beating Interval

Preeness Sch-2, 20° C., cc, % 675
Sheet Basis Wt. 25xU0/500, 1b, 51.2 50.9
Bursting Strength pts./100 1b, 69.7 92,1
Burst, Ine, over Unireated Sheet 32,1
Folding Endurance M,I.T, 107 315
Fold, % Inc, over Untreated Sheet . 1944
Tengile Strength, 1b,/in, 21,1 27,4
Tensile, % Inc, over Untreated Sheet 29,9
40 Minute Beating Interval
Freenese Sch,-R. 20% C., cc. - 345 225
Sheet Basis Wt., 25x40/500, 1b, 51.0 50.9
Bursting Strength pts./100 1b, 76.7 91.5
Buret, % Inc., over Untreated Sheet 19,4
Folding BEndurance 272 - u57
Fold, 4 Inc. over Untreated Sheet 68.0
Tensile Strength, 1b,/4n, 25.9 30.0

Pensile, $ Inc, over Untreated Sheet 15.8
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"King William" butcher wrap pulp was received from Nekoosa
Paper Company for tests with G9 No. B22640 as an additive, This was
done ag & preliminary to the mill trial tests on this meterial, %he
pulp was shipped from the mill after going through its regular beating
and jordaning for the manufecture of the commercial sheet, The furnish
for this grade is & mixture of unbleached sulfite and semi-dleached
kraft (40-607) containing size and alum and given only & moderate
beating, The Schopper-Riegler freeness of the sample received was
720 cc, at 20°°C, The G9 mucilage was cooked and applied to the pulp
at the concentrations of 0, 1/2, 1, and 2% solids baged on the oven
dry weight of the pulp, The freeness of the stock containing 1/2%
of mucilage was §95 cc. and that containing 2%, 665 ce, Bursting
strength, fold and dry tensile were run on the sheets, the results of
which are shown in Table X, The strength improvements due .to the G9
are quite large, There is no reason to believe that these results
cannot be equaled or exceeded in mill operation., In fact a lese
brittle shest for better wrapping should be made by less beating,
It ghould then show greater all around strength properties including
tear,

TABLE X

KING WILLIAM BUTCHER WRAP PULP,
BEATEN AND JORDANED AT NEKOOSA,
WITHOUT AND WITH COOKED G9 AS ADDITIVE

Bursting Burst ’ Pold Tensile Basis Wt,
Strength % Inc, 4 Inc, 4 Inc, 25 /40
pt/100  over M,I,T, over Tensile over 500,
1b. blank Fold  blank iv/in 3Blark 1b.
Pulp as received
no additive 83.9 3ol 25.6 35,0
Pulp plus 1/2%
cooked G9 £9.6 6.79 519 70.7 27.3 6.6 55.6
Pulp plus 1%
cooked G9 93.1 11.0 524 72.4 27.8 8.59 56,7
Pulp plus 2%
cooked G9 9,6 14,0 519 70.7 28,1 9.77 55.1
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FURTHER EXPERIMENTAI, CONVERSICNS OF LOCUST BEAN GUM

INTRODUCTION

This report deals with some experimental work on the conversion
of locust bean gum by two additional methods, (1) degradation in hot
glycerine and, (2) oxidation by acid dichromate solution,

EXPTRIMEFTAL
I. -Conversion Procedures
A, Glycerine Degradation of Gum ¢102-506

Forty grams of locust bean gum were mixed with 250 ml. of

glycertne in a 40O ml, beaker and nlaced upon a small hot plate. The

mixture was stirred mechanically while the temmerature was raised to
170° €. during one hour. At this temperature bumping became so violent
that it was necessary to turn off the heat supvly and allow the mixture
to cool to room temperature, The rather dark brown mixture was mixed
with an equal volume of 95% ethyl alcohol and stirred vigorously for
some time, The zum was filtered off on a Buckner funnel and resusperded

in fresh alcohol, filtered and then extracted in 2 Soxholet extractor for

13 hours with 854 methyl aleohol. The product was air dried for 2 days
and possec<sed a light bhrown color,

B. Glycerine Degradation for Gum Gl07-506

Twenty-five grams of locust »ean gum were mixed with 250 ml. of
zlycerine and heated on 2 hot vblate as before. When the temperature reached
1009 €., timing wes started and heating was continued at such 2 rate that
the temperature reached 217% C. in 23 minutes. The mixture was then allowed
to cool rapidly to room temperature and was poured into 2 volumes of 95%
ethyl alcohol, filtered amd then extracted for 16 hrs. with 85% methyl
alcohel, The gum was then air dried and appeared to be much darker brown
in color than gum G102-506,

vd
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C. Potassium Dichromete Conversion G38-530 (1.6% available
oXyser on gum). :

. Twerty zrams of locust -bean gum were dusted into 26k ml, of
water in the steam cooker and then 30 ml, of 0.1 N potassium dichromate
and 76 ml. of normal oxalic acld were stirred into the mixture, After
about 10 minutes at room temneratire, the yellow dichromate color dis-
appeared and the viscous mixture became white. Steam was then injected
at such a rate that the temverature was raised to 959 C. in ten minutes.
During this time the color becsme & greenish violet and a ranid thinning
out was noticed at about 85° ¢. Upon reaching 95° C. the mixture was
welghed and immediately diluted to 2% gum concentration, cooled to 509
C. and used as 2 tub size on a 100% rag stock.

The above converted product as awplied to the sheet was quite
strongly acidie, Ten ml. of the zum solution were titrated with 0.1 N
NaOH which indicated that the solution was 0,059 N in oxalic acld or that
17 ml. of the original oxalic acid had been cornsumed by the dichromate
during the conversion period, In the next conversion 2 smaller relative
amount of oxalic acid was used, '

D. Potassium Dichromate Conversion GLO-530 (L.8% available
oxygen on the 2m).

One hundred ard twenty ml., of 0.1 N potassium dichromate solution
and 30 ml. of N oxalic¢ acid were mixed in the cocker and twenty grams of
locust bean zum added with stirring. The mixture became gquite viscous and
tne color gradually became violet, The reaction was allowed to proceed
for one hour and twenty minutes during which time the temnerature increased
about 3° C. Then 280 ml., of water were stirred into the mixture and the
temcerature was raised to 95° C. in 15 minutes. Thinning of the solution
wag much slower during this conversion than with the §38-530 conversion.
For this reason the temperature was held at 90° C. for- 20 minutes more
and then the mixture was diluted to 2% gum concentration and used as &
tub size at 50% C. Titration of the gum solution showed that only 18 of
the 30 ml. of oxalic acid were used up during the conversion.

E, Potassium Dichromete Conversion G14-530 (104 availadle

oxycen on the zum).
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Two hundred-fifty ml, of 0.1 N votessium dichromate, 76 ml, of
¥ oxalic acid and 54 ml. of water were mixed together in the cooker and
20 g. of locust bean gum added with vigorous stirring, The mixture was
allowed to react for one hour during which time 8° C. rise in $emverature
was noted, Then ¥ sodium bicarbonate solution wasg added in § ml. portions
until a pE of 6-7-was attained (reauired 40 ml,), After standing for one
-hour the temperature was raised to 95° €., held there for 5 minutes and
then the solution was diluted to 2% zum concentration and used as a tub
size at 50° ¢. Runs were made with both the usual high roll pressure and
a low pressure, The latter was obtained by placing a fitted block of wood
on the roll svrings and adding two 1000 gram weights,

I1. Hendsheet Bvaluation of the Glycerine Converted Gumsg

The glycerine converted gums were evalusted both in the Waring
Blendor and the Valley beater, The Waring Zlerdor evaluation was made in
order to obtain some idea as to the disversibvility of tkhe gums in comperison
to the dispersibility of the alcohol acid hydrolyzed gums given in Report
No. 1. The method of evaluation was the same and details may be found in
Report Fo. 1 or pages 114-115 of notebook 506.

III. Tub Size Tvaluation of the Glycerine Converted Gums.

Eisht grams of the zum {0.D. besis) were slurried in 524 ml. of
water end the temmerature waa raised to 95° €. in 20 minutes. After being
held at 90-95° C. for 5 minutes the mixture was diluted %o one ver cent
gum concentration and used as a tub size in the small trough at 50° C.

RESULTS AND DISCUSSION
I. The Glycerine Converted Gums

It i¢ quite evident from the data of Table I that the gums converted
in glycerine were altered to e considerable extent, This ia shown both by
the relative viscosity measurements and the strength nroverties. The latter
oxhivit some interesting relationshins. The burst, fold, etc. show that this
tyoe of conversion mekes the locust bean gsum more readily soluble in cold
water, The fact that the Gl07-506 vroduct gave lower values than Gl02-506
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indicates that molecular degradation in the former had taken wlace to an
excessive degree, The reagon for the low strength features exhibited by
raw locust bean gum is shown by the condition of the stained sheet which
proved that this gum did not disperse very well in the cold water used
for beating., The most significant noint about this table is that the
6102-506 product was almost equivalent in bursting strenzth to cooked raw
locust bean gum despite the faet that 1t was not comoletely disnersed as
shown by the staining technigue. The strength features of this zum ob-
tained by adding the dry gum to the Valley deater during the beating
procedure seem to be fairly good also. (See Table II).

The tud size cheracteristics of these gums are given in Table III.
The gizings were made at 1$ gum concentration because of the rather high
viscosity of the 6l02-506 product. The bursting strength values are fairly
good for a one per cent tub size but the folding endurance was faound to
be quite low.

I1. The Dichromate Converted Gums.

An explanation of this conversion should be made prior to discussion
of the data obtained. ‘

It was realized prior to the begianing of these comersions that the
poor color develoved would prohibit practical apnlication of the method, The
principal purpose was to test the applicability of certain data in the litera-
ture to conversion of mannogalactan gums., Clidbbens and Ridge QI. Textile
Inst. 197339(1923)), during an investigatiorn of the degradative effects of
various reageants on cellulose, found that any acid gave the same cuprammonium
fluldity and decrease in tensile strength, dbut that a similar relationshiop
did not exist for all tynes of oxycellulose. This is brousght out by some
of their drta which is reproduced below in Table IV. According to this
data, the use of & mixture of potassium dichromate and oxalic acid should
convert the gum and retain a hizh percentazge of the orizinal adhesive strength
providing the material is maintained in an acidic or neutrel condition.

The tub-size data =re vresented in Table IV, and it is believed
that this does bear out the idea presented. The burst and fold values
obtained by tub-sizing with the converted dichromate vroducts are distinctly
superior to any received so far by other tyves of conversion. For comparison

L
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TASLE 1V

RELAPION BETWFEN CUPRAMMONIUM FLUIDITY AND TENSILE STRENGTE OF VARIOUS HYDRO-
CELLULOSES A¥D OXYCHLLULOSES

Loss in Tensile Strength From

Cuprammonium Treatﬁent with Treatment with Treﬁtment Treatment with
n;ihiity any acid Kacrao.(; (COOE) > w1ta$3a001 1{201—207%4- B,S04
10 10 | 1 7 2
20 3L - 6 25 11
30 58 16 ' 47 26

gome data on one of our better chlorinated products are included in Table V.
The lower values obtained in the case of the product oxidized with sufficient
dichromate to furnish 104 of oxygen on the gum may probably be accounted for
either on the basis of over conversion or breakdown of the alkali-labile
linkages due to the addition of the NaHCO,, Further investigation of this
point would bYe necessary for a definite céneclusion,

On the basis of these results it would seem wise to investigate
other tyves of concomitant oxidations which do not develoo & poor color as
a result of the reaction products, Several attacks along this lire are veing
made at the present time with chlorine as the oxidizing egent,

SUMMARY

1. Several more converted locust bean products were made by two new
methods (2) degradation in hot glycerine and (b) oxidstion with acidic dichromate
gsolution,

2. The glycerine converted products were found to be more readily
dispersible in cold water than raw locust bean gum and one of the preducts was
found to be almost the egquivalent of cooked locust bean gum when evaluzted
in an unbeaten pulp.
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3, The tub-size values of the glycerine products were not particularly
outstanding. The bursting strensth was fairly good but the folding endurance
was DoOor.

: 4, The better dichromate converted products were evaluated as tub.
stzes and found to be distinctly superior to any converted gum thus far
examined 1n this work.
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SOME EXPERIMENTS WITH A POSSIBLE FRACTIONATION OF
LOCUST BEAN GUM AND EVALUATION OF THE PRODUCTS

Iantroduc tién

During the latter part of May, 1943, workers of General Mille, Inmc,
gtated that they had obtalned an alleged fractionation of Homey locust bean
sucilage, Twe principal fractions were obtained by extracting the crude guam
with cold water, Thege wvare designated ae cold water solluble and cold water
inpoludle fractions and according t¢ their statemenis possessed tho following

viscoeities,

PABLE I
MACMICHAEL VISCOSITIRS OF GMI FRACTIONS AY 25° 0, AND 0,5% CONCENTRATION
Viecosity ° a.

Fraction Previcus Treatment NHo, 130 Wire
c.¥Y.8, Dissolved in cold water ' , 150
c.¥.8, Disaolved in cold gater and heated to 95 C. 199

and cooled to 2§

0.V I, Disgolved in hot water, cooled to 25° c. 317

The viscosity of the cold water insoluble fraction was stated

to be groater tﬁan that of the whole mucilage,

¥e became interested in the poseibility of fractionation of the
ilages because of the relationship to our work on converted locust bean

gume If two distinct fractions, possessing different chemical or physical
X
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properties, are pregent in the gums, converting agents might possibly
attack one fraction in preference to the other under certsin.experimental
conditiong, Therefore, it seomed worth while to investigate the properties
of the fractlong ;nd t; ;tu;y tﬁ;ir behavior und;r cog;eraion pr;codnren
previously used on ths whole gum (see Report Ho. 1), This repert presents
the wvork done on preliminary fractionation and an investigatlon of the
offects of acid hydrolysis on two arbitrarily chosen fractions, An ex-
tensive investigation of the fractiomation ﬁnd colloidal properties of

the fractions has been undsrtaken as a -Fh.D, thesis prodles.

¥ork Dons

1. locust bean gum was exhanatively exiracted with cold water
followed by hot water extraction of the residue, This was ropoated with a

Guar mucilage,

2. Aa arbitrary fractionation was decided upen and the pro-
perties of the produncts such as relative viacosity, optical rotation, ash,

phogphorous, calcium, and nitrogen were determined,

3. The arbitrary fractions and their hydrolysed counterparts

were evaluated in handsheeis,

!Eggrimantal

Extractior of lLocust Bean Gum with Cold Water., Fifteen grams

of ailr dried locust bean gum were stirred with three liters of dietilled
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vater for two hours at room temperature (26-27° C,). The mixture was then
supercentrifuged and the 1iquid extract poured into an equal volume of
acetone which precipitated the dissolved gum as a white, stringy mass,
This vas dehydrated in fresh acetons, air dried, snd labeled as fraction
Ho, 1--Yield 6.6 grams, The undissolved residus of 68,9 grams of wot gel
was suspended im 500 ml, of water and stirred for 16 hours, ¥This mixture
wag centrifuged and the extract precipitated with acetone, Tho residus
wvas mixed with 225 ml, of water ia a centrifuge bottle and stirred for two
hours, centrifuged and the extract precipitated, This procedure was then
repoayed a total of 10 extractions, Fhe tenth extraction was continued
for seven hours and yielded such a gmall quantity of extracted gum that
the cold water treatment was substituted by & onme hour extraction at 9a° €,
This procedure ylelded only a very epill amount of extracted material, The
hot water insoluble residue welghed 1.1 grams which is $,2f of the original

aum,

A similar series of extractions were made on Guar mucilage,

the first extract yielding £,3 grams, The eighth extract of this mucilage

gave only an opalescence wvhen poured into acetone so the one hour bhot water

extract was made, 7This extract ylelded only a very emall quantity of ex-

tracted materisl, The hot water insoluble residue weighed 1,2 grams which

is 9.6% of the original gum,

The Arditrary Fractionation Procedure, Moot of the work was

done on just two fractions, a cold water extracted product and & hot water

soluble product extracted from the residus,
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Fifteen grems of the raw locust bean gum were stirred with
three liters of cold water (about 25-27° C.) for two hours, and the
nixture vﬁa suporcentrifuged, The undissolved residus was exiracted
with 1500 ml, of hot water (92° C,) for ome hour and then supercentrifuged,
The axtr#bta were poured into equal volumes of acetone, and the precipi-
tated products were dshydrated with fresh acetone and air dried, These
products were designated ag the cold water soluble fraction (C.¥.8,) and
the hot water soluble fraction (H,¥.S.), The quantities of air dried

fractions obtained were as follows:

c.v.s, 6.7 grans W, 7%
H.V.S, 4,2 gramg 28,0%
Regidune 1,1 grams 7.3%
Total 12,0 grans 20,04

Part of the twenty per cent losas of original gum may be
accounted for as fat solvent soluble material, Aa 85 methanol extrastion

of the raw gum ylelded 3,9% of oily material,

The followving analyses of the fractions were mads,
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TABLE 11

ANALTSES OF THE AHBITHARY FRACTIONS OF LOCUST BEAN GUM

- . C.¥,S, Fraction .. . H,¥,8, Fraction
Koisture % 12,22 11.%
Aeh® $ 0.23 0.09
Phosphorus® % 0,01k 0.010
Calciuz® 4 0,049 0,038
Nitrogen®* ¢ 0.00 0,00

* Oven—-dry basis

Fractionation of the 20-Mirute Hydrolysed Gum 6103-431, This

gum is the same as that used in Report No, 1, and ite fractionation was
carried out similarly to that of the arbitrary fractionation of the wvhole

gum, The yleld of each fraction from 15 grams of the gum follows below,

E - C,¥,8. 9.53 grans 63.66
B - HV.S, 1,68 grams 11.2%
Regidue .58 grame 3.9%
To tal 11.79 grazs 18. 7%

Eydrolysis of the Fractions of locust Bean Gum. In order to

interpret and compare the properties of the fractions more closely with

those of the hydrolysed whole gums the fractions were hydrolysed similarly

to the procedmre used for the whole gum,
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Five gramg of the fraction which had been ground to pass &

50 mesh sleve were mixed with 25 =ml, of acidic ethyl alcohol., The
acid alcohol was made by mixing 3 ml, of concentrated ECl with 400 ml,
—of oy, athy_l aléohoi‘. The flagk was then conﬁected to a Iroflux con=
denger and heated on a steam bath for an exact interval--either five
or ten minutes as degired, %hen 2,5 ml, of normal nanco3 solution
were added with shaking to neutralize the acid, The mixture wes then
filtered on a Blchner funnel and the gum fraction washed several times
with fresh 955 alcobol, air dried and them vacuum dried over 11’205 at

roca temperature,

. Determination of the Balative Viecosities of the Fractions, The

Felative viscositienp were dotermined on 0.3% dispersions at 30° C. as

follows,

A 0,2 gram gample of the air dried fraction of kmown moisture con-

tent wasg weighed out in a 100 ml, beaker along with a small glaee stirring
rod, The mixture was wotted witk a little water and then diluted to 50 =ml,
In some cages the C.¥.S. fraction was digpersed by continuous stirring at
room temperature, but this required 16~30 hours of continuwous stirring,
More rapid dispersion was accomplished by suspending the beaker sbout 1/i
inch above & smpall hot plate which raised the temperatuvre to about 70° c.
This procednre wes necessary with the H,¥,8, fraction and required about
five hours for vigual clarity, For complete hydration of this fraction

at least a momentary temperature of §2° C, was neceseary for valid viscosity
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meagurerents, Yhen digpersion appeared to be complete the mixture was
cooled to room temperature and diluted tao the correct weight for a 0.3

gum dispersion, Ten ml, samples vere then pipetted into Ostwald vis-

cometers and the viscosity determined in the regula.xl na:inor.

A few measurements of the decrease of viscosity upon aging of the
dispersion were made during several daye' time with and without previous
heating or addition of presgervative, The viscosity data are presented

in Table IV.

Rvaluation of the Fractions in Handsheete., The ¥Waring Blendor

beater and Yeyerhasuser bleached sulfite atock were used as previounsly
descrided in Reporte 1 and 2, The gums and gunm fz.'actions wore dispsrsed

in water according to the procednre for determination of the relative
viscoeity and added to the pulp just before the five minute deating period
wvag gtarted, The beaten pulp was made into 1,5 g. handsheets and cont}itioned

and tested in the customary manner,

Datermination of the Specific Rotation of the Fractions, Seversal

atteppts were made to determine the specifie rotations of the fractiong in
vater, but difficulties were encountered because of the opalescence of the
dispersions ﬁich scattored the light, Other solvents were tried but without
success, Saturated neutral calcium chloride solution dissolved part of the
gun when stirred overnight at room temperature, bdut this dispersion could
not be used, Sixty per cent sinc chlorids solution dgsolved the gum, dut

the dispersion was milky, Sodium hydrdxide solution (0,4f) gave a fairly
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good digpersion of the cold water goluble fraction but did not adsquately
digperse the hot water soluble fraction or the whole purified gum, Several
rather erude valueg were obtained with a one dscimeter tn‘ae. These are

preaented in Table III,

Beegults and Discussion

The succeseive extractions of locust dean gum with cold water
and the gmall amount of gum obtained Dy the subsequent hot water extrac-
tion indicated that no large fraction of the gum was insocluble in ¢old
water, However, from this work it became avident that a considerable
part of the gum was more readily soluble in cold water than the remaining
portion, Aa erbitrary fractionatiom procedure wes, therefore, decided
upon in order te study these products, This developed into & two hour
cold water extraction followed Dy & one hour hot water extraction of the
residue, These fractions (designated C.¥.S, and H,¥.S.) were evaluated
in handsheots before and after hydrolysis and some of their physical

propertiec were dstermined,

Specific Botationas of the ¥ractions, The dsterminatiorn of the

specific rotations of the fractions possessed on principal difficulty--

attainpent of complete dispersion of the gum, The sols produced dy dis=
" persion in water were apparently quite satisfactory, but in almoet all of
the cages the beam of polariszed light was 4ififused and scattered to suck
an extent that only a rough eatimate could be made beca.use of the erratic

rea&ings of the saccharimeter used, The difficulty was not quite 8s pronounced

vith the C.V.§, fraction ae with the whole gum and the H,W,S, fraction,



Pl‘oject 30. 8’*9
October 15, 1943
Page 9.

The rotation of the latter was almost impossible to estimate, The crude

values obtained in the designated medla are given in Teble III,

. -TABLR® III . -

CEUDE SFECIFIC ROTATION VALUES OF THE FRACTIOES
AND PURIFIED ¥WEOLR GUM

Diepersion (@ 1123
Fraction Medium C=0,8

1 C.x,s, 0.8% HCL +2,2
Same after 2i hrs, 0.8% HC1 +19.75
Same after 4g hrs, 0.8% EC1 +21.8

2 ¢,v.8, Water —

3 C.V.8, 0.4% NaOH +19.7
Sa.m; ;or heating to O,4f HaOE +19,7
Same after 72 hrs, at 0.4f ¥=0H +17.8

_ room temp,

4 BHWV.S. Boiling water =10,0 ?

. - 1.4

5 E.W.8, 0.k4% ¥aOH -

6 Wwhols gum 0.% HeOR +3.71
_Same after 2 days 0.4% FaOE RS X

The values for the whole gum differ quite markedly from that
given by Lew and Gortmer (Archives of Blochemistry 1, 325 (1943)), These
investigatore found an average initial value in 2.§ HCl of +43.° vhich

fell to a +7.0 upon hydrolysis and spproached a final eqnilidrium value
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of adout +28°. The different dispersion medium in our experiment may

account for the differencs, but since the C,¥.S. fractioa was not

greatly different in the two media it would seem that the whole gum

ahould“not te gre;tly a!fecta&.-—!he difforencermay 1nd1€ate that

our products have been apprecladbly degraded somewhers during the

purification or fraction procedures, It is possible that an ensyme

which is suspected to De present 1n the gum has converted the producte,

At present this remaina unsolved, Further attempts should de made to

obtain the trus specific rotation valuss of the fractions.

Rolative Viscosities of the Arbitrary Fractions, The relative

viscosities of the fractions under various conditions are presented in
Table IV. From this data it is evident that the fractions differ markedly
in relative viscosity vhen asdequately disperged, The difference was not
particularly great when both fractions were dispersed at 70° C; the C.Y.S,
averaged about 20 and the H,¥,3, sbout 25, Heating of these dlspersions
to boiling or 95° C, caused a merked difference to appear, The C,¥.3.
fraction decreased slightly while the H,¥.3, fraction increased to sbout
36~40, 1t was evident from variations in successive determinations of

the time of flow that the- B, V.3, fraction did not fully disperss at 70° C.
gince marked structural viscosity effecte were noted, EHeating the H,¥.S,

dispersion to 95° C. and cooling to }0° C. gave very good checks indicating

mach better dispersion,
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fhe C.¥.8. fraction wag unique because of its rapid fall in
viscosity upon aging, Digpersion of the fraction by stirring at room
texperature g&ave sols possessing viscosities of about the same magnitude
h aé those diﬂiefﬁéd by-ﬁeaéfﬁé.-iu£ ihg Qonqéﬁi;d ;ols éfoppéa in viéc;si¥yr
mch more rapldly than those which had been heaied. This may indicate
the presence of a; ensyse ia the mucilage., Heating would probably tead
to inactivate such an engyme and rapid drops in viscosity of the E.V.S.
fraction and heated C.¥,3, dispersions would not be expected. This
was found to be the cape, The addition of ome ml, of phenol (melted
orystals) per 100 ml, of sol inhibited the viscosity drop, but the
addition of & very small orystal (approx. 1 g.) only slowed the fall
in viscosity. (See 7, Table IV), Oven dried fractions (16 hours at
105° C,) when dispersed at 70° C. had lower imitial viscosities and
showed a mmch slower drop in viscosity upon aging, Wnile these observe-
tions indicste that an engyme may be present they do mot exclude the
poseidility that micro-orgzanisms from the air and glasgware may be causing
the fall in viscosity, If an enzyme is responsible, then it is likely
thet the cold water goludle fraction has Deen degraded during the two
hour extraction period or perhaps this fraction 1s the product of the

enzyme action or the whole gum. JFurther work is necessary for conclusive

evideonce,

The viscosity data for the hydrolyzed fractions show that quite

extongive degradation had taken place during the five and tem minute periods,

-
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The wvalunes of the fractions isolated from the 20 minute hydrolysed gum
compared quite well with those of the five and ten minunte fractiong which

had' besn hydrolysed subsequent to extraction. The fact that different

times w—e're-r—eqﬁix-'ed to effect hhydt-lrolyéia 1n the ‘tw expex-'i.me;b“a w
pospsibly be attributed to a difference in particle sisge during the con~

version,

Bvaluation of the Fractions in Bandsheets, It 1s believed that

the handgheet data presented in Table V should not be considered as cobe

clusive evidence of the merits of the fracticns because they are the average
results of ten gheots mads at one freeness value—835, A slower stock might
not emphngize the differences between the fractions to the seme extent. It

appears, however, that the valuee do indicate real trends at freeress 835.

The C,.¥,.S., fraction geemed to be superior to the X,.¥.3, fraction
in buret, fold, and tear values, dut when the fractions were hydrolyszed
for five minutes the relative wvalues excepting tesar were in the same order
but closer together and much greater in magnitunde, The C,¥.S, fraction gave
8 bursting strength increase of L4,1% and a fold increase of 3006, When
this fraction was hydrolyzed for 5 minutes (0,V, 8;—35) an 34§ incrsage in
burst and a YOOF increase in fold resulted, After a ten minute hydrolysis
of the fraction the burst increased 56% and the fold 33i% imdicating that
degradative effects were beginning to decrease the strength properties,
At the tem minmte hydrolysis $ipe the H W.5,-H10 fraction was slightly

better than the C,¥,5,-H10 fraction, It appears, therefore, that the
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H.¥.8, fraction of the gum is better able to withstand the hydrolyeis

treatment--possidly because 1t is more highly polymeriszed, Howsver, thie

assumption does not seem to be supported by the viscosity data,

On the basls of the data of Table V limited hydrolysis seems
to lmprove the gum fractlong ind whole gum in go far as burst and fold
increages are concerned, Both the raw and purified whole gum gave 8
2g% increase in bu;'sting strengfh and a 125% increase in folding emdurance,
Yhen this whole gum wae hydrolysed for 20 minutes (3103-431) both the cruds
and purified prodnc.ta gave a 60% increase in burst and a 300% incresse in

fold, The crude hydrolyszed gum was. fractionated into cold water soluble

, and. hot water soluble fractions simllarly to the raw gum, These were

designated as H20-C.¥,.8, and R20-H.¥.8, fractions meaning tbat they were
hydrolyzed firet and then fractionated, The H20-C.¥.S, fraction was equsal
to the whole hydrolysed gum in durst and fold and about equal to 1% in tear
value, The incremses in tear values upon additlon of the fractions to the
pulp are believed to be charg.cterhtic of the pulp at the low freeness
value employed for this work, The somewhat erratic values obtained in

some cages remain unexplained,

Improvement in formetion value wag greatest with the whole un-
converted gum according to the data available, The raw gum gave a 42,26

increase and the corresponding purified product gave a RS.E‘% increase,
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~ Future Work

Theee fractions are to be used as tubsizes and the results
will be given in a pgubsequent report. Further attempts io measure the

eptical rotations of the fractions will be made,

Sumuary

1., ZLocuset bean and Guar gume were exhauetively extracted with
cold water followed by hot water, It was found that no large pertion
of either of the mucilages was insoluble in cold water, but a considerable

part was more readily soluble than the remaining fraction,

‘2, An arbitrary cold weter and hot water fractionation procedure

vas developed and some properties of the fractions were determined,

3. The viscosity data of the cold water soluble fraction indicate
the possidility of an engywe bdoing present in the mucilage, The viecosities
of the cold and bhot water soluble fractions differ widely whem thoroughly

disperged,

}, Attempts wers made to determine the specific rotations of the
fractions, Opalescence of the sclutions made this quite difficult, but a

few rough valuss were odbtalned,

5. The fractions were hydrolysed sirmilarly to the procedure used on

the raw whole gum, and these producte were incorporated into handsheets., The

hydrolysed fractions gave considerably higher bursting strength and folding

endurance than the nonhydrolyzed fractions,

Jwsfac)
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VISCOSITY AND PAPER TESTS ON SAMPLES OF GUAR GUM OF
THE TYPES EXP3ICTED 70 BE MADE FOR COMMERCIAL USAGE

Procedures:

Two new guar gums, Gi-2's, were received from G.M.I. on 9-2-U3
and wers described as (a) old Gi-2 No. B22602 end (b) new G4-2 ¥o. R23267
"{n which the enzyme had been inactivated." When put into water, the old
guar Gi-2 No. R22602 was apparently more viscous than the original old Gl-2
semple No. 22539 which showed up 8o poorly in previous work. Its apparent
viscosity was also greater than the new GU=2 No, B23267 immediately after
dispersing in cold water. The latter sample had only a elight trace of the
characteristic Ugrassy® odor dut ;és‘;iightly darker in color (grey). In
addition, a sample of finely ground yellow GY guar gum No. R22603, similar

to samples Nos. R22376-R22378 previously descrided, was received.

Viscosity tests on these cooked gums Were made at 30.0° C. in an
ostwald pipette (water at }0.0° C. runs 5.25 seconds). ZEight hundred grams
of 0.50% gum solids {containing 11% moisture, or in other words, 3.56 grams
ovendry are equivalént to 4.0 grams containing 11% moisture) were prepared
in each case by dusting the gume into 80° C. dtatilled water, cooking at
80° C. for 10 minutes and cooling rapidly in a water dath. The cooked gums
were run in the pipette at .5, .4, .3, .2, and .1% solids on a 11% moisture
basis. TFor comparison, the viscoslty of a coarse yellow guar G4 gum was also

-,

mezsured. The sample used ¥as "yellow G4 No. R22378 over SHGG" which was a

N
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peart of the sample sent to several mills for trizals and which gave very
favorable results. After cooking this sample, the suspended matter was too
"coarse for-the pipette so the viscosity was measured after the following two
treatments (a) centrlfuged after cooking and the clear top liquor run inte
the pipette,.the sollds being based on the original solids and not on thosge
actually present in the decanted liguor, and (b) dispersed cold in the
daring Blendor at high density followed by cooking at 80° C. The results

are given in terms of relative viscosity in Table IA.

TABLE IA

RETATIVE VISCOSITY

Percent Solids 58 ol 3 2 1%
Cooked R22602 (o0ld GU-2) 7.205 5.0L8 3.181 2.076 1.kx%
Cooked R23267 (New GU-2) 6.019 4.095 2.724  1.867 1.152

Cooked R22603 (Fine, Yellow GY)15.u467 8.686 k. 800 2.686 1.581

Cooked and centrifuged R22378
(coarge, yellow GH) 27.371  13.867 6.762 3.371 1.733%

Cooked and homogenized R22378 -

{conrse, yellow GU) bz2.286 19.410 8.667 3.8u8 1.848
Compere these viecosity results with those of other preparations previously
rezorted. Vhen these viscosities are plotted on semi-log graph psper with
the relative viscosities as ordinates (the log scale) and the concentrations

as abscissa, straight lines result.

-

Sheet tests followed the standard procedure for this project.

Additions of the gums were made at 1/2, 1, and 2% solids based on the weight
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of the ovendry fiber, with the weights of the gums calculated to an 11.0%
molature content basis. In addition, a series of experiments were made in

which-the- gums were -added dry to the beater at 1-1/2% solids and beaten for

samples at two beating intervals.

For the ragﬁiar teaté, each of the samples including the commercial
aaﬁple of locust bean gum were introduced in both the cooked and uncooked
conditions. Cooking was carrted out by the same procedure as described for
the viscoslty tests sbove. The two GM-2 samples were tested, in addition,
after treatment with room temperature distilled water for 18 hours to de-
terr_mlne the differemes 1n the actions of the self-contained enzymes. During
thie aging period the suspensions were kept in glass beakers covered with
watch glasses. The sheet testa; formation, bursting strength, and wet
tensile strength were run on the prepared papers, the latter test after
dipping the sheet in 1.0% sodium tetraborate =nd redrying. The resulte
for the first pert of this work are given in Tables I, II, and III with a
summary in Table IV. Table 1 shows the resultant formation numbere of
sheets prepared with 1/2, 1, and 2% of the cooked and uncooked gums. It
is clear from these data that none of the gums tested are nearly as ef-
fective as locuat be;n gum ag a fiher deflocculant. The enzyme inactivated
and cold water sosked guar No. R23267 sppears to glve the beet results of
the samples other than the control samples, although the cooked GU-2
Fo. R22602 (the product which G, M.I. intends to make commercially) and the
cooked No. R23267, also rank quite high. Adding these samples uncooked

decreagses thelr effectiveness as defloculating agents, This i1s 1a line
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with the theory that these dry milled zums do mot reach their maximum
ﬁydrous characteristics unless cooked and that prolonged standing in cold
water of a nonenzyme deactivated gum will degrade it end ruin 1its hydrous
properties. The results then follow in direct proportions, the viscosities
of the‘respective gum suspensions; 8 cold water suspension of the R22602
wag found to haeve, immediately after dispersing, an apparent viscosity
highér than that of the same milled sample, but enzyme deactivated, No. R23267.
However, on allowing both to stand for 18 hours et room temperature, the
R22602 became thinner than originally due to possible enryme action, while
the R23267 became more hydrous as indicated by its increase in spparent
visgésity a8 well as by 1ts greater fiber deflocculating power. The fact
remains, however, that all of these samples are low in viscosity when com=
pared with locust bean gum =snd are correspondingly deficlent in their fiber

deflocculating properties.

Table II shows the bursting strength resuite. Here the gums are
more nearly equal to the resultes for locust bean gum, in fact when allowance
is made for the 20% inert material in these dry milled products, some of
them are more effective than uncooked locust bean gum, The cooked Gi-2's
No. R22602 and No. R23267 as well as the uncooked fine yellow G4 No. R22603
and the uncooked GU-2 No. R22602 sppear to be quite good. None of the
samples equals the effectiveness of cooked locust bean gum. Prolonged
beating will, of course, narrow the spread between the semples as well as
lower the percentage increases in strength over the blanks, but it has been

found both in previous work here as well as in mill prectice that those




TABLE 1

THWING FORMATION NUMBERS QF SHEETS TREATED WITH THE COOEKED AND

UNCOOKED GUMS, PLOTTED IN ORDER OF EFFECTIVENESS AT THE
TWO PERCENT CONCENTEATION

¢ Increase
% over the blank

4 Incrense

Page 5

¢ Increase
over the blank

Addition at 2% addition Addition et 1% sddition Addition at 1/2% addition

Cooked locust bean gum L3.9 73.52%
Uncooked locuet bean gum 39.4 55.73
Cold water soaked 18 hr. né}267 (new 04-2) 38.2 50.99
Uncooked guar R22603 (fine yellow G-U) 36.0 L2.29
Cooked guar R22602 (old Gi=2) 35.8 41.50
Cooked guar R23267 (new gli-2) .8 37.55
Uncooked guar R23267 (new Gi-2) .8 37.55 -
.Cooked guar 322603 (fine, yellow G-M) 34,7 37.15
Cold water soaked 18 hr. néasoe (014 Gh~2) 34,5 36.36
Uncooked guar R22602 (old éu-a) 3.5 36.36

Untreated sheet : 25.3

1% over the blank  1/2%
by 75.49% 39.6
37.8 hg. 41 36.7
35.0 38.34 31.4
32.3 21.67 31.9
4.7 37.15 32.8
35.0 38.34 31.9
32.6 28.85 31.6
32.5 28.46 33.7
33.0 30.43 34.3
32.3 27.66

2.4

56.52%
k5,06

24,11

26.09

29.64 .
26.09
24,90
33.20
35.517
16.21
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BURSTING STRERGTH IN POINTS OF SHEETS TREATED WITH THE COOEKED
AND UNCOOKED GUMS, PLOTTED IN ORDER OF EFFECTIVENESS AT THE
TWO PERCENT CONCENTRATION

4 Increase 4 Increase % Increase
- ) over the blank 1% over the blemk 1/2f#  over the blank
Addition at 2% addition Addition at 1% addition Addition at 1/2% eddition

Cooked locust bean gum 3L.0 88.89% 28.7 59, Ulig 26.9 g kg

Uncooked locust bean gum 29.9 66.11 26.9 49, bk 25.1 39.44
Cooked guar R22602 (old oh-é) 29.7 65.00 27.3 51.67 22.6 25.56
Uncooked guar R22603 (fine, yellow G-L) 29.1 61.67 26.2 L5.56 25.0 .11
Cooked gusr R23267 (new G4-2) 28.9 60.56 ' 271.4 53.22 24.3 35.00
Cooked guar R22603 ( fixne, yéllo- Gl) 28.4 57.78 25.5 41.67 24,2 BRI
Uncooked gusr R22602 (o0ld GU-2) 27.9 55.00 26.2 45.56 24,2 34,4l
Cold water soeked 18 hr. R23267 (new GU-2)  27.7 53.89 25.4 B1.11 23.2 28.89
Uncooked guar R23267 (new G4-2) 27.1 50.56 24.0 33,33 21.7 C 20.56
Cold water soaked 18 hr. R22602 {old Gu-2) 26.1 45.00 24,5 36.11 22.0 22.22

Untrented sheat 18.0




) TABLE 111 Page T

WET STRENGTH IN UNITS PER 1% MM, STRIP OF SHEETS TREATED WITH
THE COOEED AND UNCOCKED GUMS, AND 1% BORAX DIPPING SOLUTION

% Increase % Increase £ Increase
.y ) over the blank 1% over the blank 1/2f  over the blank
Addition at 2% addition Addition at 1% sddition Addition at 1/2% addition

Cooked locust bean gum 12.78 526.5% T 10.12 196.1% 1.96 | 290.2%
Uncooked locust bean gum | ' 9.80 380.4 8.50 316.7 6.22 204.9
Uncooked guar R22603 (fine,’ yellow Gi) 9.76 378.4 T.54 269.6 6.60 223.5
Cooked gusr R22602 (old G4-2) 9.68 37%.5 7.62 213.5 5.08 19,0
Cooked guar B22603 (fine, yellow G4) 9.36 358.8 8.2 303.9 6.72 229.4
Cooked guar R23267 (new GL-2) 8.3k 308, 8 7.26 255.9 5.70 179.4
Uncooked guar R22602 (old GL-2) 8.28 305.9 7.00 2h3.1 4.98 1441
Cold water soaked 18 hr. R23267 (new G4-2) 8.18 301.0 6.36 211.8 5.56 172.5
Uncooked gusr R23267 (new GU~-2) 1.46 265.7 5.90 189.2" 5.36 162.7
Cold water soaked 18 hr. R22602 (old GM-2) 6.58 222.5 6.50 218.6 L, 8k 137.3

Untreated sheets . - 2.04




TABLE IV ' Page 8

PTEST RESULTS ( EXTRAPOLATED FROM SMOOTHED CURVES) AT 1.25% CONCENTRATION
TO COMPENSATE FOR THE 20% INERT MATERIAL IN THE MILLED GUMS,
COMPARED WITH THE RESULTS FOR LOCUST BEAN GUM AT 1.0%

* Thwing Wet
Formation Numbers Bursting Strength Tenslle Strength
% of result % of reault 4 of result
Formation for uncooked for uncooked for uncooked

Fumber Renk Locust B. Gum Polnts Rank Locust B. Gum Units Rank Locust B. Gum

Uncooked guar R22602 (o0ld G4-2) | . 32.60 8 86.0 26.80 L 98.5 7.2 5 g6.7
Uncooked gusr R23267 (new GL-2) 33.45 7 88.3 k.85 7 91.3 6.6 7 79.%
Uncooked locust besn gum 37.90 27.22 8.3

Cooked guar R22602 (old GU-2) 35.00 2 92,3 27.46 3. 100.9 8.2 3 98.8
Cooked gusr R23267 (new G4-2) 34,40 3 90.8 27.65 1 101.6 7.6 . 4 91.6
Cooked locust bean gum - k2,20 111.3 29.46 108.2 10.3 124.1
Uncookad—guar R22603 (fine, yellow G4) 33.90 6 89.4 27.55 2 101.2 8.6 2 103.6
Cooked guar R22603 (fine, yellow GU) 34 .00 5 89.7 26.50 5 97.4 8.7 1 104.8
Cold water soaked 18 hr. R22602 (old G4-2) 3U4.05 b 89.8 24,80 8 91.1 6.4 g 77.1
Cold water soaked 18 hr. R23267 {new Gi-2) 35.65 1 9k.] 26.05 6 95.7 7.1 ) 85.5
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vhich show up well on lightly hydrated pulps, ususlly hold their same relative

positions on increased heating.

Table IIl shows the wet t;nsile ;g;ength.in uﬁits (oné ﬁnit equals ‘
0.207 pounds) of 15mm. strips of sheets trested with the cooked and uncooked
gums and after 1.0% borax dippings. Note the marked inerease in strength

of even the weakest gum at its lowest concentration over the blank sheet
which ¥as also given the borax treatment. None of the samples is equal to
either cooked or uncooked locust bean gum unlesg a correction is made for

the 30% inert materials in which cmse the fine yellow guar gum No. R22603

slightly exceeds the result for uncocked locust bean gum.

Table IV 18 a sumstion of the above described test results.
These data were obtsined as follows: the test results were plotted on graph
paper for the three physical tests and smooth curves drawn from the four
points:t 0, 1/2, 1, and 2% concentrations. From these curves Wera read the
test results at a concentration of 1.25% for the samples prepared by G.M.I.
and for 1.0% for the locust bean gum, This was done to put the samples on
a more equal gum content basls since the dry milled samples were first
described on contalning about 20% of ronmannogalactan solids. -Since then
it was found that the nonmannogalactan content, especielly of the Gl~2 samoles,
was someWhat higher but since locust bean gum itself contains all the way
from 6 to 10% of these inert solids, the 20% figure was adopted as being
about the correct figure for an equal mannogslacten content comﬁafiaon with

L}

locust dean gum. The second column under esch heading indicates the relative
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rank for each gum and for each'pf the methods of prepreparation, while the
third column uqder each heading shows the percent of effectiveness considering
the ;esults fo¥ uncaoked.locusé bean gum a; ﬁgity. A study of the table
shows that in general the G.M.I. gums are deficlent in fiber deflocculating
powers, While as dry or wet adhesives they are more equal, and superlor in
some cases to the uncooked standard of comparison. Cooking the locust btean
gum increases 1ts effectiveness 1in e£11 three respects to & point where it
ig definitely superior to any of the other samples regardless of the'method
of adgition or the correction for inert materisls. The deficiencles in the
latter two properties by these guar samples ars not as sericus from a commer=
cial viewpolnt as would appear from these results. Other factors such as
(a) steady source of supply, (b) fiﬁer perticle size allowing direct esddition
to the pulp furnish without cooking, and (c¢) possidly lower price; may out-

welgh these intrinsic differences between the old snd the newly developed

guns .

Tables V, VI, and VI show the test results of dry gum additions
directly to the beater where the beating interval was varied. The sheets
prepared from the yellow gﬁar 64 over Bxx No. R22377 were very spotted from
the undispersed gum, especially at the lower beating intervsl. These spots
were spparently so close together and evenly spaced that they did not register

on the formation tester as evidenced from the high formation readings ebtalned.

«  Although the probable error is higher here than in the teste

described adove, the same general conclusions can be drawn i.e. {1) the guar

gume are not equal to uncooked locust bean gum as deflocculating agents,
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(2) they approach aquality with locust bean gum es dry end wet sdhesives
under the conditions described when corrections are made for inert materials

- - present, (3) they have other desirable qualities which locust bean gum does

not possesse,




TABLE V
THWING FORMATION NUMBFRS OF SHEETS PREPARED BY ADDITIONS
OF 1-1/2% DRY GUM3S DIRECTLY TO BEATHER
10 ¥inute Beating
Intervel

4 of Result for
Formation FNumber Locust Bean Ounm

Locust Bean Gum ‘ | 42.6 k2.6
Ouar R23267 (new ou—é) : 38.1 89 .4 41.6
Guar R22377 (yellow G4 over 8xx) 37.7 88.5 k2.9
Guar R22603 (fine yeilow al) 37.2 - B1.2 40.7
Guar R22602 (old GY-2) 35.7 " g3.8 " ug.5

Pulp Only 27.1 63.6 30.7

Formation Number

Pege 12

20 Mipute Beating

4 of Result for
Locust Bean Oum

97.5
100.6
95.5
95.0
72.0



TABLE VI Page 13

BURSTING STRENGTH IN POINTS OF SHEETS PREPARED BY
ADDITIONS OF 1-1/2% DEY GUMS DIRECTLY TO BEATER

10 Minute Beating - 30 Mimate Beating
Interval Intervel
% of Result for % of Result for

Points Locust Bean Gum Points locust Bean Gum

Gusar 322663: (fine yellow 0b4) 10.6 101.0 ug.7 93.7
Locust Bean Gum 30.3 52.0

Guar R22602 (old G4-2) 29.3 96.8 48.8 93.8
Guar R22377 (yellow G4 over 8xx) 29.1 96.1 49.7 ' 95.6
Guar R23267 (new GU-2) 28.7 9k .g ug.6 95.u4

Pulp Only 18.4 60.7 38.6 Tu.2




TABLE VII

Page 1U

WET TENSILE STRENGTH OF SHEETS PREPARED BY ADDITIONS OF
1-1/2% IRY GUMS TO BEATER AND GIVEN BORAX DIPPINGS

Locust Bean Gum .

Guar R22603 (fine, yellow GU)
Guar R22377 (yellow éh over 8xx)
Guar R22602 (old ah-é)‘ -
_ Ouar R23267 (new GL-2)

Pulp Only

nak /hmf

10 Minute Beating
Interval

Wet Teﬁgile Units
Per 15 mm. Strip
11.3
10.4
9.8
9.4
8.9
1.7

4 of Regult for
Locuet Bean Gum

92.2
86.8
g3.2
78.9
15.0

30 Mimate Beating
Interval

Wet Tensile Unita % of Result for
Per 15 mm. Strip Locugt Bean Oum

15.9

18.3 i15.1
16.9 106.3
4.1 88.7
16.9 106.3
3.0 18.9
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IMPROVEMENT QF FORMATION AND TEAR VALUES THROUGE BEATZER
ADPDITICK OF HYDROLYZED LOCUST BEAF GUMS

Introduction

The formation and tear data presented in Report No, 1 were
unsuitable for an adequate evaluatlon of thege properties of the
hydrolyzed gums, This report presents some additional experimental
data on thege properties,

Experimental

The Valley beater used in Report No, 1 &id not give a pulp
of suitable character for evaluation of the formation and tear
characteriastics of the gums end & Waring Blendor was tried ag a
beater, At first, it wae belleved that this machine would disperse
the pulp with very little actual beating, dut it was soon learnmed
tbat beating was accomplished,

Attempte to make a blank sheet posaseesing a low formetion
value from Weyerhasuser bleached sulfite were unsuccessful, It was
decided that a harder, longer fi%vered stock should be used and
Duracel bleached kraft was selected. This pulp d4id not give a
varticularly lew formation value, but it was sufficient to show
decided improvement upon addition of the hydrolyzed gums, A fow
preliminary experiments with Waring Blendor beating of this puip
wore firet tried in order to fird out if the beating time seriocusly
affected the degree of formation., Thege experiments are summarized
in Table I, TFrom thege data it was decided that five mirutes besting
time wonld be used,

form 73 THE INSTITUTE OF PAPER CHEMISTRY
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TABLE 1

FORMATION CEANCEDS OF DURACEL BLEACHED SULFITZ CN BEATING

Beating Time Thwing
Minutes Formation
1 32.6
3 354
5 36.9
5 37.2
10 37.0
15 36.5

Beating Procedure

fen grame of the pulp (0.D, basig) were placed in a Wering

Blendor and 71l ml, of water and 0,1 g, of the air dried converted

gum wore added iu succession, The mixture wae allowed to scek for
five minutes and then the beater was turned on (low speed) for
exactly five minutes, The pulp was diluted to 2000 ml, (0,5%)

and made into 1,5 g, handsheets on a Valley mold in the usual manner,
For purposes of comparison the 5 mrinute gum waa alsoc added to the
pulp from & water mixture before and after heating to complete the

" digpersion,

Resulte and Discuasion

The formation data (Table 1I) show quite clearly that the
hydrolyzed gume increased the formation quality 31l,u-b3 84, There wus
a gredual improvemsnt to the ten minute gum and then & rapid falling
off as the degree of hydrolysle incresssed, The formation of the
S5=ninute gum dlepersed in cold water alone was poorer than when
heated with water for a more complete dispersion,

The tear valuee also show an incresse to the lO-minute gum
and then bdegin to decreese, No value was obtained for the 20~minute
gum becauss &ll of the sgheets gave bad tears when tested, A higher
teoering resistance was obtained with addition of the heated gum than
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TABLE II

TEXZ FORMATION AND TRAR VALUES OF HANDSHEETS UPON ADDITION
OF EYDROLYZED LOCUST BEAN GUMS

Per cent

Increage Elmen— Per cent
Bagis Thwing in dorf Increage
Woeight TForma~ Forme-— Tear Tear in File

Gum Added 25xk0/500 tion tion g/sheet Fector Tear ¥o.

Blank 47.0 34,7 106 2.21 110457
Ray gum 46,7 49,2 L. 133 2.8 29.0 110458
5 minute gun ug,1 49,5  L2,6 143 2.97 3.4 11059
10 minute gum . 50,2 49,7 42,8 17k 3,47 7.1 110460
20 winute gum Lg.g 47.9 38.0 No gosd tears out of 110461
30 mirute gum 43,8 b5, & 71,4 160 73f§fts . 85,3 110462
Blank k7.3 37.8 105 2,22 110584

5 minuie gum
added from cold

water mixture Ty B Lg 29,7 . 1 2,96 33.3 11058k

N |
5 minute gum !
added after hezt=- -
ing with water 47,8 51,2 3g,l 152 3.18 u3,2 110584

with that of the cold dispersed gum, The teer values reported here must
not be taken as necessarily indicative of mlll operation., It should de
remembered that the tear velues ottalned from pulp beator in the Valley
laboratory beater were decreased consliderably upon addition of the con~
verted gume, (See Report No, 1) Further experimertation with the Waring
Blendor has irdicated that a slmultaneous improvement of buret, fold and
tear values mey be obtainsd at least up to 2 certain beating degree., This
may be due to a different kind of fiber produced by this type of beater,
Therefore, the tear value data cannot be interpreted as the result of gum
additlon alone but must be interpreted ap & combinatlon of the unusual
fiber and the gzum, The factcre coatributing to thesze resulis are being
stndied further,

Jwsfac)
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o Preparation of the gums:-

-

Y S TN A LU S SRl

- - ) Wive mzcilage samples prepared by ‘s dry milllng process were firsg
: “areceived from General Milis, Inec. Among these were the firat of the Hrolled¥
products obtained, products which were put through flaking rolls usually in

Len alkaline condition to break down the endosperm cell walls and thus allow a
! Nmuch .finer dispersion when wetted thenr would otherwise be possible. ‘The two
unrolled samples were "Honey locust bean gum through 100 mesh® and "Flame 4
' tree seeds, germ removed, -over 60 mesh.," The latter sample wss of a derk .
color end contained large proportions of the seed cont material while the

P

LA

honey locust bean gum was very light colored and had the appesrance of a good :
grade of imported locust bean gum (Ceretonia siliocus). The three alkaline K
rolled ssmples were guar endosperms ground to pass various mesh sizes. These {

P

were all olive dreb in color. The mesh sizes are given in the teble of data,
Table I, below,

- The dispersion procedures used on these gums were similar to those
given in vrevious reports i.e., 3.0 g. (A.D. wt.) powdered gum dusted into 297
g. of cold distilled weter. Stirred for $two hours continuously with a glass
propellor, then passed through the hand opersted homogenizer at 1% solids,
two paeses, diluted to double the volume and filtered through 2 tared wire
/sleve having 50 meshes per inch in the weft directiom and 72.5 meshes per inch
"in the warp direction(referred to as 80 mesh) in a 7 cn. Buchner funnel over t

* guction, dried at 105° c¢. and weighed. Before application of the dispersed gum, :
(that portion which passed the vire sieve) it was measured for its solids
content -by welghing nortlons of it into tared welghing bottles, drying to
constant wveight at 105° ¢. and then convertlng the oven-dry weights of solids
to the air-dry basis by dividing by 0.89 (11% moisture). The per cent added to
pulp is bagsed on these latter air-dry figures and on the weight of the oven-dry
pulp. The apparent amount of material from each of these three guar gum
samples retained on the wires was very low compared with that obtained from
other dry milled guar endosperm samples previously received. The other samples
.mentioned as well &s a regular sample of imported locust bean gum were also"

T _ dispersed by the procedure described., The flame tree seed gum was difficult
- to' put through the homogenlzer because of the con@aratively large size of

’ extremely - hard particles, One pass through the homogenizer was all that was
made and then at a light pressure setting to avoid frequent clogging. The
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color of the filtered suspension was very dark. The amounts retained on the
50 x 72.%5 mesh sieve after the water dispersing precedures are shown in Table T,

TABLE I

Per cent retairned on
Gun wire, sir-dry bosis
"Rolled gusr gum, alizzline, through 30 resh 2. 114 7
"Rolled guar gum, alkaline, through o0 mesh on 20 =.54
"Rolled suer gum, alkaline, through 42 mesh on 50M 7.28
"Honey locust besn gum, through 10C mesh" 9.20
"¥lame tree seeds, germ removed, over 50 mech" 52,60
Imported locust bezn gum 5.3

The pH of the dispersisre acie from the Wrolled gusr gun, alzallrne,
througk 80 mesh," wes measured. It was founé to be pH 8.14, Its cclor ab
atout 0.59% solids was olive zreen dut on adéing 10 drope of a 10% solution
of sluminum sulfate to 500 gzrsuws, the pE dropped to pH %.45 and the color
turned a pale yellow. This might indicate that the 2lialine mutarials would
20t zreatly interfere with tie naper g¢olor if the pH of the stock vere about
that of ordirery rosin sigel —aper.

The fiame tree seed muzilzze mentioned was not applied Lo paper
Yecause of the vaery lzrge amounts of undiszersible matter and because of
the color, these t{wo properties mazing the gum prodably uasuiteble as a
commercially adaptebie material, The others were applied znd the papers tested
" for formstion, tursting strength ond wet tensile strength by procelures
previcusly descrided. The sheets for wet sireagth testing were first subjecSed
to 1% borax dippings and then redrial befsre conditicning and testing. The
test resalts are shown in Tables II, IIT, and IV. It can be seen that 211 of
the samples gave pozltive results tc a high degree, The honey locust bean
gum is superior in ~ll departments to the ciher three samples but the differences
are slight. Those nortions 2f the rolled alkeline zuar gum passing the finer
meck sieves seem to be glightly more effegctive than the coarser material,




Ggum Used,
Semi-Commercial Sample
prepared by General Mills,
Inc,, dispersibles gdded only.

"Honey Locuct Bean Gum,
througn 100 Mesh!

"Rolled Suar Gum, Alkaline,
through 80 Mesh#

"Rolled Guar Gum, Alkaline,
througk 60 Mesh on QM

HRolled Guar Gum, Alkaline,
through 42 Mesh on 6OW

Blank !

TABLE II 1

FORMATION TUIBERS (THWING) OF SHEETS

TREATED WITH GUMS sHD MICILAGE . - &

Rapic of Rank of ' Rank of
3% Effectiveness g, Effectiveness 2% Bffectiveness |
Add1tion at 85 zddition  Addition at 4% addition Addition at 2% addition
k4.0 1 43, 2 1 41,7 1
43.5 2 40.9 3 39.7 2 A
L3.1 3 40,8 L 37.7 4
halt L e 2 38.7 3
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Gum Used,
Semi~-Commercial Sample
prepared by Generesl !Mlils,
Inc,, dispersible poertion
added only.

"Honey Locust Bean Gun,
through 100 Mesh!

HRolled Guar Gum, Alkaline,
through 60 Mesh on &QH

"Rolled Guar Gum, Alkeline,
through 42 Mesh on GO

13011led Guer Gum, Alksline,
throuzh 30 Megh"

Elank 15.6

Additicon

TaBiE I1I

BURSTI®G STLRTUITH ¥ 8

il
EETS TRE

il

ATED VITE

TEE GUMS, I POUYDE TER SQUARE IWCH

Ranlk of
8% Effectiveness

34.9 1
34,0 2
34,0 3
33.3 B

¥

29.3

31.3

30.7

Rank of
Effectiveness

1
255

at 8, adfition addition at ! addition A?dition

29.8

30.1
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Gun Used,
Semi-Commercial Sanple
prepared by General Mills,
Ine,, dispersidble portion
added only.

"anéy Locust Bean Gun,
through 100 Mesh!

"Rolled Guar Gum, Alkaline,
through 80 Mesh"

%Rolled Guer Gum, Alkaline,
through 60 lfesh on 80N

HRolled Guer Gumn, Alkalige,
through 42 Mesh on 0O

Blank

*Nne wet tensile unit is eaulvalent to 0.207 vounds.

two inches per minute.

TABLE IV

WET STRETETHS OF SHEETS TREATED VITH TEE

GITMS AITD BNRAX, IW YET TETSILE UNITS*

Rank of Rank of
8% Effectiveness L Bffectiveness
Adéition at &F addition Addition at UF addition
14,1 1 114 o
12.7 2 11.5 1
12.3 3 11,3 3
11.9 L 10,7 y

2.1

Tew-ts run on 15 mm, strip at

i

'
1
|
f
i
1

Rank of
2% Effectiveness
Addition at 2% eddition

.9-9 1
5.3 2
3.0 3

r

rete of londing of

i
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: »Eight other milleﬁ muicilage samples of various grades and from-five different

E snec*es were received from General }ills, Ine. All were put through water

dispersion procedures for measurements of the proportions of coarse and
. unusable components. Five of them were applied to paper by the same procedure
as used for those samples applied above.

The samples received and the amounts of each of them retained on the
50 x 72 5 mesh 31ﬂve after the dispersion treatment 91ther in cold or hot
water, are listed in Table ¥, beWOW-"" T T oo

TABLE YV
Per cent retainéd on standard wire
Sample Description the disvoersion mrocedure,. A D. basis
Sold Yater 80°C. Water
.."Honey locust bean gum, alkaline, . "

through 50 mesh, #R21875M 8.0k 1.01
HHoney locust bean gﬁm, algaline,

throuzh AC mesh, #R2LZZON - 17.5 1.32
HCassia tora gum, through 60 mesh, )

low grade gum, #R21879% 07.9 60.7
UPalo verde gum, 12-10-U24 by Gen. .

Mills, Inc. 9.1l
"¥lame tree sée& zom, through &xx, .

alikaline, #R21875H h7,2 42,9
#Plame tree seed zum, through 60

esh, FR21890 82.2 . 56.2
"0assia tora gum, 2-5-U43, #P22065" 72.0
Mesguite hean gum," by Gen. Mills, Inc. ' .l.he

The twc honey locust bean gcums, the pale verde zum, the mesquite
bean gum, and the flame tree seed gum No, R21875, were the only ones »f these
samples applied for tests in paper., The other three samples, i.e., the
cassia tora gums and the other flame tree seed gzum were considered too
insoluble for any practical use.in paper under normal conditions. The sheet
test results ere given in the accompanying Tables VII, VIII and IX, Of
course, the undispersible (by this procedure) msterial could be dispersed
for all of it to pass the wire sieve by vigorous and prolonged mechanical
treatment, but it had been found that this difficult-to-disperse portion is
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the least reactive fraction of the gums for our purvoses and contains most .
of the unwanted color vizments. Then too, the costs of this mechanical
treatment to = nmaper mill, would be prohibitively evpensive,

Bxmerinents on Soy Bean Bulls;-

A micilage was first orepared from the hulls for the purssse of .
examining its orogerties after condeaeing it to & high selids corntent, A 9508,
extrzet of tke hulls was made as follows: 1R0 g. of air-dry and zround soy
bean hulls were mixed with 1500 z, water snd heated on 2z boiling weter bath
wita continuous stirring for ore hour, It was then filfered while kot on a
stecm Jacireted Buchner funnel through a 72.5 mesh wire sieve., A secomd
extraction of the hulls was made with 750 g. water following the same
procedure, The filtrates were combined, heated 2gain to 95°0. on a water
path, and filtered through two layers of cloth toweling on the wire in the
steam heated Buchner funnel over suciion, Much was retsined cn the cloth
and the filtrate was paszed through twice, the second tinme through the Duily
un filter cake {o remove the fines, The caike was finally pressed under a
rubber dam, The resultont mucilzge suspension was of a brswnish tint out
wzs stzble as 1t showed ne sediment on nrolonged stending., It was stored in
a refrigeraztor for 4G hours tefore conceatr-ting. The concentraticn was
cerried subt in z liter distillation flask heated in o water both, Tt was
hested under vaewam t9 absat 30°C.  In about 20 hours, the myzcilage wac
evaporated to 200 g. The concentrate was »f e syrupy consistency at o0 2.
It wes vlaced in the hand omersted homogenizer and ziven one pass to reduce
the lumpy seri-fry materiazl which had clung to the side of the flask and was
in the suspension, Snlids content aeasurements averaged 3.18% air-dry solids.
This colculates o5 a 10,3% yield “osed on the orizinel air-dry weighi of
hulls, 2 result vhich is low because some »f the mucilage was lost ia Sransfer
and some by the fine filtering through the bduilt-up filter cake, These
lozes would not be obtnined in commercial Jpractice so the expected yield
coald be oueh higker, This muecilzze was anplied to peper o= 21 interasl size
17 the procedure employed on the other mucilages, above, ZSee test resalts
in tke‘accompanyinz Tebles VII, VIII, =xé IX.

Since shinment »f say hall mocilage woald e expensive because of
the high woter conteal and since coacentrations either by heat or by =leshol
erecipitotion to zvoeid shiwping larze gquantities of water, are costly processes,
andther possible mesns of achieving the desired conditions was tried, This
was done oy freerming and theving a water susveasion of the mucila§e to induce
self wrecipitation of an otherwicse siable hydrovhylliz sol., A 957C. extract
wag orevared £3 zbove., Filtration was carried on by a lixe yrocedure to glve
a steble and viscous homcgeneosus suspension, The rielid was czlcuiated to be
ds dased on the original eir-dry weight of the hulls., ©Cne

containing slightly over 1% solids was 3laced in an
ed with =_rubter dsm and nlaced cubside over aight 10
reture 15°F). 1% wes then remcved Irim the ¢old 2nd

&
bl -~
ilngze showed = stringy srecinifate o7 larse volum
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. indicating some change in’ the previously homogeneous sol. but attempts to
icollect it on coarse filter paper over suction were unsucecessful beczuse

of the rapid clogging of the filter. Concentration by centrifugzing was
deemed possible but was not tried. The frozen and thawed material was not
tested in paper, but examlnation of its physico-chemical properties by this
.method and compering it with its parent material might vprove lnteresting.

Pissolvirg experiments (viscose) were made on the by-nroduct of

‘the ©oy bean hull fucilazé extraction i.e,; the hot water extracted -hulls, - — - -
Two experiments were carried out; one in which the dy-groduct hull materizl
was considered as 100% alohe cellulose (which of course it is not}, and one
in which it was considered as 80% alpha (vwhich of course it is not)., The
stendard viscose procedure was used except for = few slight veariztions in
eging temperatures., Genersl procedure: 14 g, of awr-dry hlls were treated
with 210 ce. of 17.5% NadH solution for 1 hour at 20°C. in a 500 cc. erlen-
meyer, Filtered in a small Buchner funnel on an 20 mesh wire, the filter
cake removed end pressed between blotting paper in ¢ cheei press to exsel
excess ceustig, to three times ilts original welght. The cake wsag then aged
out of contact with air for 3 days a2t about 20°C. 5.6 g. of CSp were sdded
anc. then erough ¥aCH »nd water t¢ get a final mixture containing 7% pulp

and 6% NaOH. . It was then filtered through clotk in o funnel over saction,
This was & slow process and some was reizined on the cloth, but the high
vacuum degeossed the filirate. The samples were zged in the d-ric for the
required length of time (fsr cellulose) and farced under pressure through =
fire glzss capillary inte 2 stendard viscese spinaine bath., The exudeation
did not cohere into a fiber in either czse but fell rather as & moderately
loose precipiterte, ZExperinmente tco find more suiteble syinning conditions

were not made.

. A malti-stage bleaching exveriment vag alsc made on the by-pradvet
vater-extracted soy bean hulls, The hnlls, which had been previously extracted
{for the micilage) with 95%C. water snd sir-dried, were trested with &% ¥ooH
solution to remove other hemicelluloses and incrusting substznces nst

removed by the neutral hét water. This was done 2t 3% pulp density with 8%
NelH based on the weight of the Zulls and 2t room temperature, U5 g, of
air-dry hulls were treated ané in a totsl weight of %03 g, The caustic was

in contact with the hulls fer one hour, The msterisl wes then washed on a
wire in 2 Buchner funrel with cold water until the wash water became clecr.
Two doses of chlorine were then given each of about 3.5% chlorine on the
original welght of hulls with plain water washings after each stage, The
first chlorine exhausted rapldly even though the temperature did not go over
15°C. out the second did not exhaust until hemted at 350C. in a water beth for
over one hour., Extraction with about 1% ¥aCE followed, by treating the wached
material wifth the caustic at 10% pulp density at room temnerzture for two
rours, It was then drzined and wsshed with cold water. The color of the
residue was s%ill gquite dark so another light chlorination stege was added.
About 1 1/2% chlorine, based.on the original weight of hulls, were added and
exrausted as described above. This chlorinated and czustic extracted residue
wvas then given a hypochlorite bleach of asproximately 2.5%. This stzge was
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done at 10% density and at 40°C! At the end of 1 1/2 hours under these
.conditions, the bleach was not entirely exhausted as indicated by starch-
kI paper but it was waqhe& with large auantities of distilled water,
pressed and air dried. Apparent color: very light buff but darker than.:
aversage. printing paper. The yield was 35 g. air dry or 80% of the orlginﬂl
weight, (Possible uses: dissolving pulp, plastics, psper flller?\

jucilege extractions from soy bean hulls were next attempted
with water at variocus elevated temperatures and under various conditions,
"~ It had previously been shown on this project thit higher temperature
extractions gave progressively higher yields of more reactive mcilage.
That is, the highest temperature extract which could be obtained at
atmospheric pressure by indirect heating, 950C. to 98°C., were the most
potent for the purveses here intended, This indicated the desirability
for determining the yields and properties of products ilsclated from the hulls
at higher temperatures than of bolilng water at atmospheric pressure. A
geries of experiments were made in which mucilages were extracted at 120%¢.
end 1%0°C, These temperatures were reached in a 4.5 liter autoclave under
pressure. It was heeted by direct flame., The blow valve in the cover wvas
fitted with a pipe reaching within 1/8 inch from the bottom of the digester
to allow removal of the liquid or dissolved contents by the internal stean
oressure without removing the cover., Separstion of the mucilage fron the
hull could then be mede at 120°C. or sny temoerature above boiling water, The
pipe was fitted with an 30 mesh sieve and the sieve surrounded with cloth itowel-
ing to allow filtering of the mucilage on blowing., For the 120°¢. extract,
- 150 g, of crushed hulls were mixed with 1500 g. of tap water in the autcclave.
The temperature wes raised to ©89C, with the cover off and the contents
continuously stirred to nrevent locel overheating. The cover was then
fastened on and hezting continued tc 120°C, a2t which voint it was held for
© 15 minutes (1/2 hour to temperature), The mucilage was then blown, slowly
to allow time for filtratisn, into two 2-liter erlenmeyer flasks. It was
cerefully measured for yield, A secrnd extraction was then made by forcing
a liter of tap water intc tke digester through the blow velve without
removing the cover,rehezted to 12C°C. and held there 15 minutes. The extract
was again blown and collected in a separste flask for rield measurement and
for individual tests of the two mucilages in paver. The solids content of
each of the suspension was carefully measured zné the total weight of solids
removed calculated. The total yield was found to be 14.84 A.D. mucilaze
solids based on the original A.D, weight of hulls, The pH of the first
extract was pH 5.6 and that of the seccnd pH 5.3, both measured. by the colori-
retric method. These two extracts were applied to paper separately to
determine any differences in thelr fiber deflocculating end adhesive properties.

Another series of extracts at high temperatures {(140°C.) were made
and applied as above. A similar procedure and the same apparzius wes used
as far the 120°C. extracts, with the following changes: (z) one hour was
taken to reach the temperature, (b) it wes blown as soon as the tempersture
reached 140°C. Four extractions were msde and saved separately. They were
blown slowly in each case to allow time for filtration., When the temperature
reached 90°C. after blowing, about 980 g. of cold tap water were iniroduced
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pressure) and blown again. The color of these extracts was mdéy brown, .’ )
They were cloudy .but stable, - The pH of these .four extracts varied between
pH 4.5 and 4.7 despite the fact that alkaline tap water was used. Thig -~
acid pH might be an indicator for the vnresence of uronic acids. Similar,
although not strictly comparable cases are-given in the literature where in
a suspension or solution of plant materizl of any kind if the presence of
uronic acids issaspected, it is subjected to prolonged dialysis so that all .

minersl salis and acids are removed, snd then’the undialyzable portion measured

for its hydrogen ion coacentration, If it is acid, the presence of uronic"
acids is definltely proven. Something similar might taxe place here when it
is consideéred that most of the mineral acids and salts, if present, would
have been removed in the first extraction, while the latter extracts still
showing an acid rescticn, might be acidic due to the difficulty soluble or
suspendable uronic acid complexes. The solids removed in the mucilage from
the 150 g. of hulls and the tctal yield, are shown in Tadle VI,

¥ BRI S

TABIE VI .
140°¢C, water wt. suscension wt., air-dry solids Total air-dry yleld
Extraction number removed, 5. reuoved in suspension, g. cumilative
1st 754 g, 19,03 z. 12.7%
2nd gl 13.G2 21.95
3rd 9l 7.73 27.1
4th 923 3.73 29.0

[Extrazoleting to & extractions - 31.8% yielé possible]

As stated, trhe mucilage suspensizns were collected separately and
after the measurement of the solids in each, they were applied to naper pulp,
These samples were included with these dry zilled uroducts prepared from the
wnole seed and dispersed as described, The %test results are included in the
same tazbles of deota.

Jonclasions:-

Cooging the dry nilled Yean guams before apnlicztinn to paper
increased their effectivenecs i,e., the fider defliocculoting and adhesive
strensth proverties in poper were improved cver those avplied after cold

water dispersing only (substantiating results obitzined for imported locust

bean gum some years £80). In additisn it marxedly increased the disnersibility

of those dry milled sampleg cn which the two methoeds were tried,

All »f the samples applied zave uoeltlve results in paper but in
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'H‘farying.degrees. All showed reaction products with sodium tetraborate aos
evidenced from their wet strength imparting oropertles.

The honey locust been gum camples prevared by General Mills, Inc.,
show the best all-sround »roperties from a papermaxing viewpoint. They were
lignt in coler, low in undispersible matter, aznd hizgnly effective as fiber
deflocculants and wet and dry strength improving sgents for psper. Samples
R218%0 and R21375 (General Mills, Inc., numbers) were probably eoual to
the best grades of imported locust béan gum in 211 phases including color.

The mesquite bean gum and the palo verda bean gum (the Genersl
Mills! samples here tested) also showed good colors and good disversibdilities

but were slizhtly inferior in defloceunlating and wet and dry strength imparting

nroperties in paper to the honey locust samples as well the disversible
vortioson ¢f the flame tree reed mucilsge, number R 21875.

The guer gum samples ("Rolled guar gum, alkaline) while slightly
off color, were satisfactorily disgersible, They showed vary good, but 2ot
the best, properties in paper from the standpoint of those here under
discussion, Some improvements in millinz conditions mizht possibly be found
to brighten the color without interfering greatly with the other proverties.

The édry milled UCascia %tora gumt and "Flsme tree seed gun! contain
too mich inert mate-ial to be of any practical interest but that portion of
the flanmg tree seed sum applied showed gond vronerties except for color,

i

The soy bean hull wncilagzes are interesting not only beczuse of
their effectiveness along certain lines but because of the chrnges in their
physical propertiss with changes in their methods of isolatisn. The
eoncentrated 95%C. extract exhibited zood adhesive wroperties, especially
wet strength after borax treatment, but was not among the best as e fiber
deflocculant. Extracted mucilages =t 120°C. were more effective than ihnse
extracted with 1U0%C, water and repezted extrociions at each temperzture
produced products of progressively weaxer effectiveness snd of lower yields.
Tre optimum extracticn temperature was not foond i.e,, ootimum for yield
and quality of the micilage, but it has been demgnstrated that this
temperature lies somewhere between 95°C. and 140 C,
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BY-FRODUCTS DERIVED FROM THE GUAR AWD HOWEY LOCUST RMBRYOS

b e

o oTon ¥ork Done.

A series of preliminery experiments were carried out in
order to isclate the more important by-products from guar e2nd honey
- . locust embryos. It has been shown in previous reports that the oils
“ ., isolated from these sources are at the present time considered tn be
- . of 11ttle velue. This is baged primarily upon the low oil content
- and the ‘cost of extracting this oil, The oils would be of great
oy ‘economic” importance if the sterols were of exceptlonal potency as vita-
mine. HoweVer, the latest advice from General Mills is that the
steroles are of little value because of low ylelds. It was noted that
the Vitamin ¥ concentration was annrox1mately 100% greater than that
obtained from wheat germ oil.

.

P

The proteins were investigated next as & possible by-product
since the oils showed 1little promise of being produced economically.
The proteins were studied for the primary nurpose of investigating
thelr use 25 a coating color adhesive,

The proteins were isolated by several methods. The proteine
. as igolated Aappear to be largely albuminolds mixed with glutelines and
prolamines. The mixture was separated and the albuminoids and glutelins
used as coating adhesives. ZIZxveriments with these compounds and with
the original mixture of oprotein indicate that they are poor coating
adhesives because a8 isolated they tended to nroduce extremely fine
stable foar where dall milled in the presence of clay. During the
separation of the protein it was noted during certain steps that con-
siderable amounts of foam were oroduced. It was thought that a for-
eign substance similer to saponin might be lergely respensible for the
foam., Attempts were made to isolate this substance which have proved
unsuccessful to the extent that a material has been 1soleted which
partially accounts for the foam, but the proteins themselves show the
' .tendency to form very stable foams. Por thls reason the uprotein as a
coating adhesive mist be discarded. A 5% dispersion of the vrotein
wvhen beaten for 5 minutes with a mixmaster gave a foam similar in
nature to that obtained with egg white. The indications are that this '
material should be investigoted further as a substitute for egg albu-
min, '
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Incidental to the isolation of the »roteinrceous compounds
from guar was the semeration of a nurnle migment, This nigment as
isolated does not annear to be » chloronlast, znd at the nresent
time the nature of this mrteri2l 1s unknown.

Exverimental Procedure.

GUAR
(a) Isolation of the guar »igment.

Aooroximately B0 g. of whole guar beans were —=laced in o
separatory funnel nnd wet steam injected into the mass. The ston-
cock was kent oven during the stezming en thet the condensate wos
removed =s ranidly ng it collected in the boitam of the funnel.
The beans were ctermed for one-h2lf hour. At the end of this time
the condenssate was oracticelly cle~rr. The condensate uns filtered
end filtrote evanorated to dryness in vacun. 4L nurnle crystelline
nproduct was obtained. The following teste vere made 1n an attermt
tn classify the raterinl,

1, ZEffect of dilute scetio acii - color immediately discharged.

2, 3Iffect of dilute sodium nydrowide — c¢nlor changes from
mirnle to a deen wine red.

3. Acidulsted »myl aleohal - color immedizately diacharged. llo
evidence of being solubtle in alcohol,

U, Zn duet and hydrochloric ecid — color diecharead, VYas not
renxidized on standing,

5. Acidified «olution so ns not %o digschrrge color 2and neated
for 30 min, on » steam bath, conled and added tertiary
apyl slcohol. The color vns s2luble 1n the alcohol
1aver,

f. The substance was ingoluble in: 50% ethyl sleohol, acetone,
8R% acatane, mronylene, #lyenl, ethylene glvecol, cello-
solve, "ethvl cellosslve, ether, chloroform, carbon
tetrachloride, dioxane, pyridine, methy? amyl zetone,
cyclohexanone, monochlor benzmene, furfural, ethyl =cetate,
octyl acetate, xylene.

The fact that it 1s insoluble in 8F% acetone indicates that
it ie not ~» chloromlast. The only sclvent found was vater, The
azuenus eslution is nurnle with a2 o of u,5,
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(t) Isolation of Protein.

Several mreliminery exneriments were rade 1n order fo
determine the begt mecne of isolatinz the mrotein from the ground
geeds Pnd from the ground embryos. It wes found early in the investi-
ﬁntion thst the mroteins could only be isolated from the ground seed
with great difficulty, UTherefore, the embryos were lsolzted from
the endoswerme and seed coste by o {lotstion method ueing » mixture
of zecetone and chloroform as the vehicle. However, defore the oro-
teins could be 1solated from the embryos a three—wound sommle of
embryo flour hed been received from feneral Mills. UThe embryo
sensrated by 1illing techniques wae used in the experiments described
below in preference to the flour nrevared by the flotation method.

Thie wea done nrimarily to save time since the milled oroduct had
been wreviously extracted with petroleum ether.

One hundred g. of guar embdryc flour were snsmended in
1500 z. of water at 77-82° C. and 10 ml. of 10% sulfuric acid were
ndded to reduce the »¥ of L.7. 4n outside indicator (chlorshennl
red) was used to indtcate chanees in n“. The susneasion »f the
flour was etirred for 2 heurs 2% a constant terrerature and -H,
1 ml, of 10% gulfuric being oided after 1 hour. 4t the end ot two
hours the susoension ~re 2llowed io settle and the dar's -cllowish
browvn sucernatent liouor was decented. Uhree hundred ml. of linuor
vas removed by decentation wné 30C ml, acidvlated water, ni of L7,
was r@ded, 'The esuscovension was then »1loved fo stend for /2
haurs, Six hnndred Fi€ty rl, of suvernztent liguor was removed by
decsantotion and 650 mi. of distilled vater was added at 70° C.
‘he termersture of the sasweneion was U2C C, and thie ternnerature
wee maintaired throughout the rest of tnae procedure.

Three g. of Hal¥ woe dissolved in 30 =i, of drstiled
water end sdded to the suepension, ané susvension was stirred for
30 min.: 3.0 g, of Cal was susmwended in 30 mi. of distilled water
ond soded to the susrensicon, The susnension was stirred for 1 1/2
hours., The zolor chenged from a light crean color to = greenish
vellow color. The resulting susvension was centrifuged in the
Shamles centrifuge. The residue wne weashed three times and susmen-
sion centrifuiped between each weching. The woshings were combined
with the original centrifugate and the dispersion was nlaced in »
constant tewverature bath ot U22 C. for 18 hours., The disnersion
was removed from the bath and escidified with 231.7 ml. of 10%
sulfuriec acid to o oY of 4.8. Precivitate settled ramidly and
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nd the cunern~tent licuor was removed oy decantction. The nreci-
oltrte wes veched twice with distilled water »t oF of L,8 snd then
filtered, The re<idue yas sustended in scetone, filtered and air
dried. Vield of air dried mrotein vas & g. (k1-G). It hed a

dariz crean color and weg granular in a9mearzance, Lt alss pmmearved
o be more hydrous than casein or soyas nrotein,

The low yield was not in naccord vith the nitrogen annlysis
which indicated that F1,8% of the flour wee mrotein (v.f. 6.25).
A nortion of this materinl was used to make a coating colesv. Thie
vag discarded becruse of form and woor 7iek and soreading ounlities.
Therefsre, » series of exmerimeate wers made as follows:

Forty g. of flour were suspended 1n 500 z. of 1C% Nafl
solution, warmed to 60° C. and maintrined a2t tnis temmerature far
one=half hour. The euenension was centrifuged, =2né residue wached
vith 1C% [¥naCl ot 60° C,, centrifure, Distilled yanter ot 60? C,
ves ~dded Yo the combineéd centrifuzsates until the disvereion was
turdid, e sucmension vrs hested on & stean bath for one-bhalf hour
and trhen cooled to 259 C. 1he susvwension was 2llowed to stend two
6rys 2and then filtered, =nd recidue wached 2nd dried 2y means of
acetone. Two g. of residue labeled L7-1 yog n dare cream coler
anlié,

The filtrate wre setursted with (IMy)aS0L4 end ~ flocculent
tan =wreciniists vee Tarown nut of solution. The nrecivitate was
remaved oy filiration and f1ltrate evomorated. Uhe residue was dre—
=ereed in distilled woater nnd Ar2lyveed For B0 hours; a smell amount
of toluene was s2dded as a mreservative. Ine precinoitate wrs renoved
by filtretion and dried 1tk acetone., DUry material to the amount of
£.% g, 'vere odtnined., Tnis -roduclt vas 1abeled UU-2, Tt wag a light
grean golor. The filtrate upon additinn of acetone flocced, floc
filtered and dried, Yield v=g 2,0 g. 2nd l=beled l'l-3, This nroduct
was wairte.

The resiflue from the initiel e=rlt extroction vas eus»ended
in 85% rleohol for U3 hours. The alcohol was renoved by filtration
anéd the cleohol evamorsted on = stes™ batn to drvness. Seven g. of
2 yellovish brown unroduct was oabtrined.

The residue a2fter the alcohsl extraction welghted 11 g,
This meterial wos dignersed 1n 150 g. of vater. A thick viscous
suemencion resultea waich did not fhin out unon the adoition of
3.0 ml. of 10% NaCYH, 2nd rarsing the termerature to 45" C, 100 g.
af vinter nnd 34 z. of 0n0 were 2dded nfter oae-hnlf nour, The sus-
nension wee heated for 1 1/2 nours at LSO O, The susnension vas
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centrifuged and centrifugate allowed to stand 2 1/1 houre before
ecidifying, The disversion was acidified with 10% H,y80), 2nd allowed
to stand overnight. The nrecivnitate wags removed by filtration and
the residue diswersed in scetone, filtered and dried, A white solid
to the amount of 1.5 .g. was obtained, The yields and mer cent nitro-
gen are oresented in Table I, A schematic diagram of the methods of
senaration are nresented in Figure 1.

TABLE I

YITLD AWD XITROGEH CONTENT 0T VARI(GUS PROTZIIN COMPONENDS IW
GUAR EMBRYC FLOUR

Yield-

@ Theoreti- -
¢cal Protein

Semmle 2, 4 ™Mour in Flour* 4 Nitrogen
43-1 $lbuminoids & Glodvulins 2.0 5.00 9.70 1¢.61
Li-2 Globulins (dialysis) 6.0 15,00 9.10 17. 7
Lh-3 Globulins (acetone) 1.5 3,75 ?..28 -—
LU5-1 Glutelins 1.5 3.7% 7.28 1L, 30
i1 Prolamines 7.0 17.50 33.08 1.49
Guar Embryo Flour : — _— _— g.28
Guar Embryo Flour .
ext.with CHBOH —_ — — 12.38
Total 18,0 L&, G 20,34

*Thie value it based upon 5.28% nitrogen in the flour
and orotein content = 8.28 x 6.25=51.,8%

!

The salt solutle and alkali soluble nroducts when tested
for fosm ouslities indicated that the tendency to foam when dispersed
wag markedly decressed, Hovever, it was decided to find out if a
natural saponin was nresent in the flour 2nd if sec the most effective
wey to isolate it.
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As a means of isolating the sgemonin osr foem -Hroducing
raterial, en exveriment was carried out using the following nrocedare:

Mfty g, of guar embryo flour, which has previously been
extracted with netroleum cther, were extracted with 200 ml, of boil-
. ing 80% alcohol for 15 min. . e extract removed by filtration and
residue was ertracted twice more. The 2lcoholic extract had an
orange brown color. Unmon cooling 2 yellow nrecipitate formed.

This vrecinitate was filtered ond recrystallized from 80% boiling al-
cohol, »nd dried with acetone. A wex-like wroduct wos obtained which
on dismersing in water showed ns tendency to foam. (Lh-1)

The aleohnlic extracted residue wes extracted with 750 xl.
of acidified distilled water for 2 hours at 6C° C. The o of the
extraction media was 1,8, The extract wes allowed to stanéd one=hnlf
hour and filtered, The filtrate had a light straw color and was
evanorated to drimesss after neutralizing with 10% ¥alE. As soon =2s
the temperature reached 80C C. a floc {ormed. The dry residue ~fter
eTamoration was extracted with four FC ml, —ortions of beiling athyl
alcohol, Uman evasoration to 50 ml. and cooling 2 flocculent brown
nrecinitate formed. The extract was centrifused and »recinitate
dried over ncetone. Thir wroduct was readily soluble in boiling
water. The material was dispersed in hot water, cooled, and fil-
tered, The filtrate, straw-yellow in color, was evaovorated te dry-
aess.,  (L7-2). The residue vass a white 2morvhous solid. (u6-2).
Meoholic centrifugate was evaporated to dryress. (L7-1)

The waroducts cbtained by the abvove treatments are listed
below:

UG-1 A ctraw-colored -mx-like materisl -~ less than 0,5z,

U6-2 A white amorchous solid - soludle in dilute =cids, in-
soluble in water., Nillons tect negnative,

47-1 A gzrayish brown solid - soluble in weter and aleshol,
showe A teudency to foam. Tegative teet for —-roteins.

47-2 4 brown brittle solid - readily eoluhble in water.
Positive Biuret test, .

L7-7 Alcohol soluble fraction from original extractisn which
did not crystallirze on standing. Unon evaporation &
brown sticky substance was obtained, soluble in hot
vater, Tegative 3iluret and Hillons test.
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The »rotein grits {rom the aleoholic and 2cid extractinns
were erxtracted with =lkalles as nreviously described on ». 3,
Eleven 5, of an 2morphous cream-colored solid were obtained, (Uo-1)

Positive Hillon, B1ur9t Rosenhein, hollsch o-cimethyl aminoben-
zaldehyde tests were obtained, . o

Although the yleld had increased from 8% to 229 of alxali
soluble protein, the *nndency to foam was still wmronounced. Another
ezneriment was carried out repeating the vrocedure outlined on v». 3

xcent thet instead of centrifuging the slkaline extract immediately
after 2 hours, the suspension was 2llowed to stand overnizht. ™he
oroducts obtained and yields on 2s is basis are listed below.

RO-1 Acid soluble fraction 4.0 g.
50—~3 Alkali soluble fraction 33.0
51-1 Alkali soluble fraction =ot. ~cetone. 7.3
Fl-2 More precinitadle with acetone 16.C
50-2 TResidue 12.0
109,23 £. recovered

’

Traction B1-2 geve pocitive Biuret and NVinhydrin tests.

. If fractiong 50-3 and Rl-1 are combined, the yield as
2llkali derived nrotein is QO.B%. This is the best yield obtained
thus fzr, A coating color was nrenared ueing fraction 50-3. Protein
to the smount of 11.3 g. was distversed in 60 z. of water containing
1.13 g. as007 a2t 50° £, for 20 min, ®Bighty-eix g. of water and 2
drons sodium zilicate were added to 37 g, of Snglich coating eclay and
mixed in a mortar and nestle. The clay sherry wae vlaced in = ball
mill and the nrotein dismersion added. After milling for 5 min., the
mill wae owened and the coating color waes 2 mass of stiff solid foam.
Four drovns of canryl aleohol were added and milling continued for

25 min, e color wes 2 mase of stiff foam and as such could not be
uged, The foam did not hrenl vnon the further additiosn of capryl

alecchol,

A mnortion of fraction FC-3 was extracted with boiling 80%
methanel for § min. The extracted vrotein freed of 2lchol, vhers
disversed in al¥zali chawed less tendency to foam than the unextracted.,
Upon the basis of this observation 2nother attemnt was made to use
bolling alcohol in the howme that prolonged hpating might remove the
compounds reancnsible for the foam and nt the same time insolubize
the heat coaguable vnroteinse,




colored material to the amnunt of 30.6 g. was obtained. {57-1)
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One hundred g. of guar flour were refluxed twice with 540 ml,
0f 80% methanol. The flour sevnrated Ly filtration and filtrates
kent senarate. The first filirate on cooling contained 2 fine white
nreC1nitpte, which was separated by centrifuging, The material was
rediseolved in 80% boiling alcohecl. _The second filtrate or . extract
chenged from = light straw color to a reddich brown color upon stand-~
ing.

The aleohol extracted grits were then treated as described
on n. 3. Eleven g. of a cream colored solid were ottained which was
labeled BU-1, Disversions of this material when heated chowed o
tendency to foem and to a r“*)re marked dezree than any cf the nroteins
1znlated.

It was thousht the substances reenonsidle for the foanm
might be wnter soluble or that the »rotein was similar in character
tn albumine whiech show a tendency to foam. Cne hundred g. of gunr
embryo flour were susnended in 1800 ml, of digtilled wnter ond the
2% adjusted to 7.3 with 3 droms of 105 NeO%., The susnension wos
ttirred for 2 hours =t 25° C., settled and the sunernatent ligquor
removed hy decantetion. The extractions were reneated until 6000 mi,
nf extract were obtained. The acueous extracts were acidified to
o8 4.8 with 109 Hp5Cy,. The wrecivnitate was removed by means of =
centrlfuve and wached with water at »4 4.3 until foam nc longer
formed when the wash water was violently 2gitated. The recsidue was
dried with acetone., (55-1) The wash liquor was combined with the
centrifugate 2nd evanorated to dryness on 2 steam bath.

The residue from the originnl extract apneared to be very
amsll, Therefore, the above exmeriment was remeated, excent that
anueous extracts were allowed to stand svernight. The extracts were
preserved with toluene. The »recinitate: whlch formed was removed
by centrifuging and the nrecivitate was waghed 3 times with water ot
off 4,5, The nroduct was dried with acetone. A very light cream

The extracted grits were then extracted with ~2%ali =23 nreviously
described and 12.3 g. {57-2) of slkzali derived nrotein were obtained,

Five g. of fraction H7-1 were disnersed in 95 g. water and
the disnersion verten in a Mixmaster for 5 minutes at No. 8 speed
setting, A stable fine compact btubble foam resulted which did not
runture on standing. A mortion of the foam was dried in the oven

and showed a tendency to collapse on heating.
__-——‘d-/
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A series of aualitative nrotein tests were made on sanmles

5E7-1 nand B7-2. The results are.ag follows:

) ‘Test 57~1 _ 57-2
Biuret " Reddishooime  Fluieh nini :
¥illons ' Pozitive Negative
Liebermans Black Red-nurnle
Rosenheim ) Purnlie Yellow
Holisch Pogitive Positive
Adnxizilwicz . Positive Hegative
Winhydrin Hegntive Fegative

»Dimethylaminobenzaldehyde Strongly nesitive Positive

~ The indications as n result of these tests are that Protein
57~1 there is the wresence of a nentide linkage, hydroxy benzene nucleus,
2 carbohydrate grouo in the nreotein molecule, 2nd the »resence of
tryotophane or other indole derivatives, ‘hereas protein 57-2 differs
from protein 57-1 in that the hydroxy benzene nucleus is absent and
that all of the tests for tryotovhane or indole derivatives are not
consistent. This may indicate that o small nercentage of tryptonhane

ia nrecent in sammle 57-2.

HONEY LOCUST

The nrotein was isclated from a petroleum ether extradted
flour from the embryos of the honey locust seed. The method empleoyed
was similar to that mreviously described on ». 3 for the isolation of
the suar nrotein. Fortyv-nine g. of alkali derived protein were obteined
from 100 g. of flour., The tendency to foam was not as marked and where
used in a coating color the foam which formed was ecsily dissinated
unon the addition of two drons of canryl alcohol. The adhesive ouali~
ties of this vrotein were on » nar with carein. The nrotein was quali-
totively tested as outlined on n., 10 above, Poegitive Biuret, Millons,
Rosenheim, Holisch, weekly vositive g—dimethvlaminooenfaldehyde tests,
and negetive Ninhydrin, Liebermans, and Adamkilwicz tests were obtained
with this material. These cuslitative tests indicate that this nroteln
is similar in character to that obtﬂlned with the guar fraction 57-2.
However, from the yields'iy would armear that there is at least 56
tlmes as much alkeli derived orotein in the honey locust embrys flour
25 comnered to the guar embryo flour.
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The application procedures were similar to those previously
. described. The tebles I to IX accompanying, are self-explanstory.

' A summary of the results is given in Table IX.
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% Decrease

TABLE I

% Decrease

BRIGHTNESS OF SHEETS CONTAINING THE DRY-MILLED GUMS, UNAGED SHEETS

Rank Rank 4 Decrease Rank
g4 from at 8% 2% from at 2% 1% from at 1%
! Gum Used Addition* Unaged blank Addition Addition*Unaged blank Addition Addition*Uneged blank Addition
| Locust bean gum, 78.7 1.13 1 749.2 0,502 2 79.1 0.628 4
Imported, uncooked
' Locust bean gum, 78.5 1.38 2 78.5 1.38 3 78.8 1.00 5
‘ Imported, cooked
G-11 Honey Locust (May 78.2 1.76 3 78.4 1.51 4 75.3 0.376 1
1942, Gen. Mills Sple
# R22525)cooked
G-11 Honey Locust (May  T78.0 2,01 4 79.9 - 1 79.3 0.3% 3
1943 GMI sample $#R22525)
Uncooked. .
G-4-2 (June 1943 GMI sample 75.4 5.28 5 78.C 2.01 5 79.3 0.376 2
# R22539) Guar, uncooked.
G-4-2 Guar (June 1943 GMI T73.4 7.79 6 77.1 3.14 6 78.1 1.88 6
sample # R22539) cooked,
G-9 Flame Tree (June 1943 6U4.9 18,47 T 73.4 7.79 7 76.3 k.15 7
GMI sample #R22470) uncools
ed.
G-9 Flame Tree (June 1943 63.4 20.35 8 72.3 9.17 8 15.2 5.53 &
GMI sample #R22470
! uncooked.
Blank (unaged) 79.6

* General Electric Reflection Meter Brightness. Method: TAPPI T217 sm-41.




TABLE LI

BRIGHTNESS OF SHEETS CONTAINING THE DRY-MILLED GUMS, SHEETS OVEN AGED 72 HOURS AT 105° C.

8% from at 8% 2% from - at 2% 14 from at 1%7
Gum Used Addition* Aged blank Addition Addition* Aged Dlanlc Addition, Addition* Aged blank Additiod
G-11 Honey Locust 57.2 1.38 1 58.5 - 1 58.6 - 1
(GMI sample # R22525), %
cooked. .
Locust Bean Gum, 56.9 1.90 2 57.7 0.517 5 56.9 1.90 7"
Imported, uncooked. | !
! b
G-11 Honey Locust 56. 8 2,07 3 57.6 6.589 65 ' 58.0 - L.
(GMI sample #R22525)}, ;
uncooked. Pan
G4-2 Guar (GMI sample  56.0 3.U45 4 58.0 - 3 57.8 0,34l R
#R22539), uncooked. ey
L
G4-2 Guar (GMI sample 55.8 3.79 5 57.9 0.172 L 58.1 - -,
#R22539), cooked. - ; i
Locust Bean Gunm, 55.5 L.31 6 58.0 - 2 . 57.6 0.689 6
Imported, cooked. .
G-9 Flame Tree (GMI 51.5 11.21 7 57.0 1.72 7 ' 58,2 - g?}
sample #R22470), uncook- B}
ed "t
6-9 Flame Tree (GMI 50.2 13.45 8 55.8 3.79 g 56.4 2.76 g .
sample "R22U70), cooked. ;
Blank (aged) 58.0 j
* General Rlectric Reflection Meter Brightness, Method:

% Decrease Rank

4 Decrease Renk

TAFPI T217 qm-hl.
|

N
% Decrease Rank,,

+u
.




TABLE III

FOLDING ENDURANCE OF SHEETS CONTAINING THE DRY-MILLED GUMS. SHEETS UNAGED.

Fold ¢ Relative
8% Increase Rank at 8%
Gunm Used Addition* Over blank Addition
Locust Bean Gum, Import- 252 2700.0 1
ed, uncooked.
G-11 Honey Locust {GMI 202 2144 Y 2
sample #R22525) Cold
water 17 hr. and cooked.
G-9 Flame Tree {GMI 198 2100,0 3
sample # R22470), uncook-
ed.
G~11 Honey Locust (GMI 196 2077.8 L
sample $R22525), uncooked.
Locust Bean Gum, Import- 151 1577.8 5
ed, cooked,
g-11 Honey Locust (GMI 122 1255.6 6
sample $R22525}, cooked.
G-9 Flame Tree (GMI samplelO6 1077.8 7
#R22470), cooked.
G4-2 Guer (GMI sample 80 788.8 8
#R22539), uncooked.
gU-2 Guar (GMI sample 70 677.8 9

#R22539), cooked.

Blank (1) 10
Blank (2) & Average g

* M, I. T. Double folds,

Fold ¢ Relative
L4 Inc. Rank at 44
Addition* Over blank Addition
137 1422, 2 1
123 1266.7 2
104 1055.6 5
118 1211.1 3
11k 1166.7 4
95 955.6 6
63 600.0 7
50 455.5 9
54 500.0 8

Fold % Relative
2% Increase  Rank at” 2
Addition% Over blank Addition
96 966.7 1
50 566.7 .6 ik
; '5' :f
63 600.0 5 ©
75 733.3 2 "
68 655.6 3
. 58 5Ll L 7 ‘
65 622.2 b
.
b1 355.6 .
u5 400.0

- -

L e




TABLE IV

FOLDING ENDURANCE OF SHEETS CONTAINING THE DRY-MILLED GUMS.
SHEETS OVEN AGED 72 HOUR AT 1085° ¢.

Fold % Fold % . Fold ¢

Inc. Relative Fold % Inc. Relative Fold ¢ | Inc. Relative Fold. % &

over Rank Decresase over Rank Decrease over Rank Decreaseﬁh’ jJ

8% Aged at 8% on l-l-% Aged at 1—]-% on 2% ' Aged at 2% on F & &

Gun used Addition* Blanks Addition Aging** Addition*Blanks Addition Aging** Additioz! Blanks Addition Aging#wrﬂ;

G-11 Honey Locus 55 400.0 1 12.77 34 209.1 4 72.36 35 | 218.2 1 4670
(GMI semple #R22525) : o
Cold water 17 hr.. and / s fu
cooked. ! Lo “:&“
Locust bean gum, 51 3063.6 2 79.76 39 o5k, 5 3 71.53 27 145, 4 i 71.88 %
Imported, uncooked. | - . :qu
G-11 Honey Locust 47 327.3 3 76.02 bo  263.6 1 66.10 31 0 181.8 3 ' 58.67 3
(GMI sample #R22525) , T
Uncooked, . R
G-11 Honey Locust L3 290.9 4 4. 75 bo  263.6 2 57.89 26 136 .3 5 55,17
(GMI sample #R22525), R
cooked, ' LM
G-9 Flame Tree (GMI 39 254, 5 5 63.21 3l 209.1 5 46,03 M 209.1 2 47,697 "7
sample $#R224T0) 'cooked ) .y
Locust Bean gum, 35 218.2 6 76.82 30 172.7 7 13.68 26 . 136.3 6 61.76

Imported, cooked, ‘

G-9 Flame Tree (GMI 3k 209.1 7 82.83 33 200.0 6 68.27 25 127.3 . 7 60.32 -
sample $R22470) , K
uncooked. | ’ o
Gi-2 Guer (GMI sample 33 200.0 8 52.8b 27 15k 9 50.00 2 118.2 g8+ h46.67-

#;11:22539). cooked. . -
G4-2 Guar (GMI sample 27 145.4 9 66.25 29  163.6 8 42.00 23, 109.1 9 43.90 ..
#R22539), uncooked. ‘ <L

Blank (Average) 11 . . ’ 4

* M. I. T. Doudble Folds. ** % Decrease from unaged samples corresponding, See Table III

! 4
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THWING FORMATION NUMBERS OF SHEETS CONTAINIRG THE DRY-MILLED GUMS,

TABLE V

% Relative % Relative
IncreaseRank Increase Rank
8% over at 8% L over at 4%
Gum Used Addition* Blank  Addition Addition* Blank Addition

G-11 Honey Locust 45,8 70.26 1 40.6 1g.70 6
(GMI sample HR22525),
Cooked.
lLocust Bean gum, Ly, 3 64,68 2 ho i 57.62 4
Imported, cocked.
G-11 Honey Locust 43.1 60.22 3 43.5 61.71 1
(GMI sample $R22525),
Cold water 17 hr. and
cooked.
Locust Bean gum, 1.7 55.02 L 42,8 59.11 3
Imported, uncooked. .
G-11 Honey Locust 41.3 53.53 5 43,0 59.85 2
{GMI sample #R22525),
Uncooked.
G~9 Flame Tree {GMI 39.4 U6, 47 6 1.7 55.02 5
sample #R22470),cooked.
G4-2 Guar (GMI sample 38.5 43,12 7 39.7 47.58 7
#$R22539), cooked.
G-9 Flame Tree (GMI 38.0 41.26 8 37.7 40.15 8
sample #R22470),
Uncooked.
Gli-2 Guar (GMI sample 35.7 32.71 9 35.0 30.11 9

# R22539), uncooked.

Blank (1) 27.2
Blank (2) 26.5

Average Blank 26.9

* Thwing Formation Number,.

%

Relative

} Increase Rank

aver

Additlon* Blank

39.6
42.8

L1.1

37.6

Lo.g

40.1

32.9

37.9

35.5

47,21

£3.11

52.79

« 39,78

51.67
Lg.07
22.30
40,89

31.97

at 2%

Addition

5




TABLE VI

BURSTING STRENGTHS OF SHEETS CONTAINING THE DRY-MILLED GUMS,

% Relative
Increase Rank

8% over at &% g

Gum Used Addition* Blank Addition
Locust Bean gum, 39.8 117.5 1 35.7
Imported, uncooked.
G-11 Honey Locust 39.1 113.7 2 36.2
(Gen.Mills,Inc. sample
#R22525), Cold water 17
hr. ané cooked.
G-11 Honey Locust {GMI  33.L 109.8 3 34.6
sample $R22525), uncooked
G-11 Honey Locust (GMI  38.1 108.2 4 34,3
sample $R22525), cooked.
G~9 Flame Tree (GMI 37.1 102.7 o] 34,2
sample $#R22470), un-
cooked.,
Locust Bean gum, 36.2 97.81 6 34.9
Imported, cooked.
G~9 Flame Tree (GMI 34.8 90.16 7 32.4
sample $R22470), cooked
G4-2 Guar {GMI sample  3%.0 85.79 8 29.6
#122539), uncooked.
G4-2 Guar (GMI sample 32.4 77.05 9 31.3

#R22539), Cooked.

Blank (1) 18.4

Blank {2) 18.2 Blank Average 18.3

%

Relative

Increase Rank

over

Addition* Blank

95.08

97.81

89.07

87.43

80.89

90.71

77.05

61.75

71.04

* Bursting Strength Points,.

at 4%
Addition

2

~ s
Increase Relative f'ﬂ:{
26  over  Rank at 2% . -t
Addition* Blank Addition Tt E
U4 87,98 1 -
32'9 79- 78 3 , L. ;;
3.1 80.87 2
32.2 75.96 5 'ﬁij,
1 ) J%{:L
30.7 67.76 7 i
3173 - 71.01} 6 ":
32.3 76.50 )
28.3 Rl, B4 8
26.0  53.01 9 )




WET STRENRGTHS OF SHEETS CONTAINING THE DRY-MILLED GUMS.

g%
Gum Used Addition®*
Locust Bean Gum, 13.9
Imported, Uncooked.
6-11 Honey Locust (GMI 13,1

sample $#R22525), Cold water

17 hr. and cooked.

G-11 Honey Locust {GMI 13,0
sample $R22525), uncooked.

G-11 Honey Locust (GMI 12.9
sample $R22525), cooked.

Locust Bean Gum, 12,6
Imported, cooked.

G-9 Flame Tree (GMI 12.5
sample $R22470), uncooked.

G-9 Flame Tree (GMI 11.9
sample #R22470), cooked.

GU-2 Guar (GMI sample 11.2
#R22539), cooked.

GlU-2 Guar (GMI sample 10.2
#R22539), uncooked,

Blank (1) 1.6
Blank {2) 1.5 Blank Average 1.6

TABLE VII

% Relative % Relative
Increase Rank Increase Rank
over at &% W4 over at uUg
Blank Addition Addition* Blank Addition
768.8 1 12.1 655.3 4
718.8 2 12.5 681.3 1
712.5 3 12.5 681.% 2
706.3 It 11.7 031.3 5
687.5 5 12.2 662.5 3
681.3 6 10.9 581.3 6
643, 8 7 10.9 581.3 7
£00.9 8 9,2 475.0 8
537.5 9 8.1  ho6.3 9

* Units per 15 mm, strip.

2%

Addition*

10.2
10.9
11.7
11.2
1.2

9.8

9.8

8.0

7.5

% Relative
Increase Rank
over at 2%
Blank Addition

537.5 5
581.3 L
631.3 1
600.0 2
600.0 3
512.5 6
512.5 1
400.0 8
368.8 9

a




OSTWALD PIPETTE VISCOSITIES AT 30° ¢. OF DRY-MILLED GUMS COOKED T0 95° c.

Gun Used

G-11 Honey Locust

{(Gen.Mills Inc. sample

#R22525) .

Locust Bean Gum,
Izported.

G-U4 Guar (GMI
sample $R22376).

G4-2 Guar (GMI
sample $R22539).

G-9 Flame Tree (GMI
sample #R224T0).

*

0.10% Solids

2.210

2.152

1.790

1.3h2

1.161

Pipette flow time for water only, 5.25

TABLE VIII

0.204

6.057

5.981

3.638

1.829

1.352

0.30%

16.838

16.324

7.695

2. 72k

1.600

0.ko%
45.810
43,771
17.200
4,019

1.924

seconds,

Ls
{

BELATIVE VISCOSITY®,

j0-50%
116. 267
101.676
| 37.486
6.038

2.305
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Gunm Used

TABLE IX ' L

¥
P
1 L
o
.

CAPITULATION OF PROPERTIES OF THE DRY-MILLED GUMS FOR PAPERMAKIKG FURPQSES.

Vie-

Color Odor cosity

G-9 Flame Tree (GMI)Poor V.51, V.Low

#R22470).

G4-2 Guar (GMI,

#R22539).

G- Guer (GMI,
#R22376).

G-11 Honey Locust

(GMI $#R22525).

Imported Locust

Bean Gum,

Fair- Strang Low
Poor

Fair- Slight Mod.
Good* Eigh

Good None High

Good v.S1. High

Disvperel-
bility

Good None
Good Some
Failr None
¥.Good Wone

Mod. Good None

* VWhen at papermaking acldity range.

Foaming
Tendency

Papermaking Properties
Wet

General - -~

Fiber  Bursting Strength TFolding Acceptability f
Defloce- Strength with Borax Endurance Paper purposes
ulant Properties Properties Properties (Estimate) 2
Poor Falr Fair Pair Poor )
Poor Poor Fair Poor Poor

Good** - Good#* - Fair-good

Good Good Good Good Good

Good Good Good Good. Good

* Yot determined but estimmted from other properties.
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Report on the Composition of the Endoaperm Mucilages a

. sy -, -Fronm Seeda of Various Legumes. - . . P . . B

. B - a ’
* .

- ] A - ¥ -

i oy This Teport will deal with the gualitatifé'gompdsitidn of the
“muciihgeb. ite. vhét subgtances are present in them, A later report
b . will deal with tha quantitative composition of these materials.

B
‘e - r.
' er . - e T . ‘
. . sl " - ] voR
R . 5 2

et .+ The Literature '

. . Early mork on carob mucllage and the mucilages from lucerne

1

and fenugreek is reviewed in Wiesner, dle Rohstoffe des Pflanzenreiches,

5

Vol. 2 pp. 1867-1869. Some of the earlier workers reported the presence
of glucose and fructose as well as mannose and galactose among the
o o products of hydrolysie of these mucilages, Bou¥quelot and Heressey
reported that the mucilages from carob seed, femugreek and alfalfa seed '
vere manno-galactons. Daocud, [Biochem. J. 26, 255 (1932)] made a very
chrefﬁl study of the mucilage from fenugreek. He concluded that this
. mucilage 1s a2 manno-galacton and that it contains no d-glucose. . May.
and Schulze, [Z. Biol. Chem, 97, 201, (1936)] have alsoc reported some

Y ‘work ‘on the mcilage from lucerne (alfalfa). Hirst, J. Chem. Soc:

L .
t ’
4

i9h2,“p. 77 reported on the structure of fenugreek mucilage. He tried

'to separate it into a galacton and a mannqa hut;waa not succeasfq}. }
’ - W1 . " < R - P . e - . 3
+ - , ’n .n" . -, ,_’»I PR v L - f t

- . - - - - *
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. Recent’ vork in the literatnre on this group of mucilages -hag " .
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indicated that they are true manno-galactona. The reports bx,earlian
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workers that d-glucose and fructose were present 1s probably due fto the

preseace of impurities and to faulty methods of testing for fructose.

Difficulty in Testing Qualitatively and Determining

Quantitatively the Various Sugars in the Presence of Each Other.

It has long been known that the methods used in testing qualitatively
and determining quantitatively the various spgars in a mixture such
ap that from the hydrolysis of an endesperm mucilage are very inexact,
Thies is especially true in the gqualitative tests for levulose and
to quantitative determination of d~ganlactose. Kruiskeer, (Browne and
Zerban pp. 712~713) has investigated the qualitative tests for

levulose and for pentoses.

Experimental Work oo the Composition of the Endosperm

Mucllages.

Our first experimental work on the qualitative composition
led us to report the absence of fructose. Later, however, cne of
our praduate students repeatedly tested the sugars obtained by
hydrolysis of various endosperm mucilages for fructose by the
Seliwanoff reagent and reported that he always obtained a positive
realition, Dr, Wise of the Institute Staff stated that he obtained
this test on pure sugars which had been heated for some hours with
dilute sulfuric acid. Dr. Wise suggested that this point dbe carefully

re-investigated. It seems well to describe the methods used in

determining the composition of the endosperm mclilages.

- 4 .

)



The Preparation of the Endosperm Mucilages.

The endosperms are first isolated and the falrly pure

i mucileges are prepared from these, as described in previous- reports.

The Hydrolysis of the Muclilages and the Isolation of

Mannose and Galactose.

In most of the previous werk we have mixed the mecilage with

a U4 solution of sulfuric acid and heated the mixture in a bath of

boiling water for aporoximately 15 hours. The sulfuric acid was

removed by treating the solution with excess barium carbonate and

filtering off the barium sulfate. The filtrate was concentrated down

and the gum sugar dissolved in ethanol and filtered from any insoluble

material. The ethanol was concentrated and crystalline d-mannose and

d-galactose were lsolated by use of glaclal acetic acid. These sugars

were ldentified by their specific rotations and by conversion to

mannose phenyl hydrazone and to galactose osazone. These two sugars

always found present in the endosperm micilages from seeds of legumes.

Tests for Fructose

Qualitative teats for a ketohexose on the sugars obtained by
hydrolysis of the mcilages with a 2% solution of sulfuric acid
were always positive, Indicating the presence of such a sugar,

However, I was never able to 1solate any of the sugar. Specific

rotations of the gum sugar after removal of mach of the galactose
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and mannose were always positive. If any appreciable amount of
fructose had been present the rotation should have been strongly
levo. I was in doubt as to the presence or absence of fructose. This

point wés cleared up as-described later.

The Absence of Uronic Acids

The naphthoresorcinol test of Tollens was repeatedly made on
the micilages and on the products bf hydrolysia of these substances.
The test was always negative. ¥o barium salt of a uranic acid was ever
obtained after hydrolysis of the micilages. When the mucilages were
heated with a 12¢ solution of hydrochloric acid only traces of carbon

dioxide were obtained. These tests prove the absence of uronic acids.

The Absence of Pentosan and Methyl pen-tosan Materlals

The sugars obtained by hydrolysis of the mucilages were repeatedly
tested for pentoses by the orclmol reasgent and by the aniline acetate
test. The tests were always nmegative but this might have been due to
the presence of such large amounts of hexosea. This point was cleared
up by 'running regular pentosan determinations on the pure mucllages.
Welghed amounts of the purs mucilages wero placed in distilling flasks
together with 124 hydrochloric acid and distilled as described in the
pentosan determination, A.0.4.C. The distillates were treated with

- phloroglucinol reagené. In no case did the distillate from a pure
rucilage give any furfural phloroglucide. This proved the absence of

pentosan, methyl pentosan and uronie acids from the meilages,
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’

On June Hth, 1943, when I reached the Institute, my work
on the qualitative composition of the endosperm mucilages had reached
this point. I was sure of the presence of mannose and galactose and
the absence of ﬁéntos@n, metﬁyl pentosan, but was in doudt as to fﬁe

presence of fructose and glucose.

On conferring with Dr, Wise of the Institute Staff, he
questioned the reliability of the Seliwanoff test. He also suggested
that a 25 solution of sulfuric acid be used in place of the Y4 acid
which we had been using and that the period of heating be shortened
to 6 hours. As a result of this conference certain experiments were
planned which would settle the points in question. These experiments
are given in my Research Notebook No. 503 under Project 849 and are

numbered experiments 1 to &,

Experiment No. 1, on p. 7 of book 503 was deslgned to test
the reliability of the Seliwanoff test for ketohexoses and to
determine the conditions under which it can be regarded as positive.
Into sach of four large test tubes were placed 50 ce. of a 2% sulfuric
acid solution. To tube A was added 1 g. of pure d-galactose; to tube

B was added 1 g. of pure d-mannose; to tube C was added 1 g, pure d-

I N S
‘galactose + 1 g. pure d-mannose; to tube D was added 1 g. each of

pure d~galactose, d-mannose, and d-fructose. The four tubes were then
heated for 6 hours in a bath of boiling water. The contents of tubes
A, B, C, remained clear while those in tube D turned a brownish yellow
and a preclipltate settled out. fThe four solutions were filtered and

each subject to the Seliwanoff test. Solutions A, B, and C, gave a red

P
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coloration with the Seliwanoff reagent while solution D gave an
intensely red colored solution with the reagent. On the other hend
solutions of pure d-mannose and d-zalactos® which had not been heated

with an acid gave just a trace of red coloration.

This experiment proves that in order for the Seliwanoff
test to be regarded as positive for a ketohexose, where the solution
has been heated with an acid, the test mast be intensely celored, not

Just an ordinary pale red color,

I had brought along with me the gum sugars obtained by the
hydrolysis of about a dozen endosperm mecilages at Tucson. These
wore now tested with the Seliwanoff reagent and carefully compared
with the tests made on tubes A, B, C, and D. above. All of the gum
sugars gave red colorations that appeared like that from tube C. None
were colored nearly sc deeply as the control solution from tube D,

This at once indicates the absence of a ketohexose in the mecilages.

Experiments No. 2 and No. 3 on pages 15 and 20 of research
notebook No. 503 were deslgned to test directly for fructose in some
twenty endosperm mucilages prepared from various seeds., For details
of the experiments reference should be made to the notebook. In
brief the experiments consisted in preparing known mixtures of (A)
d~mannose and d-galactose; (B) d-mannose and d-galactose and a trace of
d~fructose, and heating them in a batg of boiling water with a 2¢

solution of sulfuric acid for & hours. At the same time 0.1 g. of
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the various mucllages were placed separately in test tubes and

heated for the same length of time with 24 sulfuric seid.

After removal of the sulfuric acid the various solutions were
carefully compared. Solution B was colored a brownish yellow. All
of the solutions from pure endosperm mucllages which hed originally
been prepared from the free endosperms and not from the whole seed,
were water clear. This was also true of solution A. The Seliwanoff
test was now applied to all of these solutions. The sol;tions from all
of the mucilages gave colors that corresponded exsctly with solution
A. From the amounts of fructose present in solution B it was evident
that the mucilages mast have contained less than 24 fruciose.
Since they gave colors that corresponded exactly with a known solution
of mannose and galactose containing no fructose, I mast conclude
that none of the mucilages examined contained any fructose. See

Research Notebook No. 503 pp. 225,

From the above exveriments we may reasonably conclude that
the endosperm mucilages obtained from seeds of legumes do not contain

any fructose. There 1s still the possibility that these mucilages may
contain d-glucose. In fact some of the early investigators reported

the wresence of d-glucose.

Experiments U and 5, pages 28 and 36 of research Notebook No.

503 were derived to test for the presence of d-glucose in the pure

endosperm mucilages. These experiments use the method devised by
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This experiment bears out the statement of Daond that after
removal of the mannose as the hydrazone, the osazone of pure d-galactose
is obtained. It proves that in the endosperm mncilages there can be

no‘ﬁoré than traces of d-glucése present.

"It thus appears that the pure endosperm muclilages obtalined
from seeds of various legumes are really manno-galactons and do nof

contain other sugars or uronic acids.

ea/jvl
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Daoud, [Biochem. J. 26, 255, (1932)] in proving the absence of d~
glucose from the mcllage obtained from fenugreek. Reéference should

be made to the notebook for details of the experiment.

s —_—

In each of some 25 teat tubes were placed known volumes of a
24 sulfuric acid solution. Tube No. 1 contained 1 g. d-galactose.
Tube No. 2 contalned 1 g. d-mannose,

Tube No. 3 contalned 0.7 g. mannose
+ 0.3 g. galactose.

Tube No. U4 contained 0iL7 £. mannose
+ 0.2 g. galactose + 0,1 g, fructoze.

The other tubes contained known welghts of specific pure endospern
meilages. The tubes were heated for 6 hours in a bath of boiling
water., The sulfuric acid was removed with barlum carbonate and the
mannose in each tube was removed in the regular way as mannose phenyl

hydrozone.

The sugars in the filtrates from the mannose phenylhydrozones
wore converted to the msazones. These were filtered off and dried
and melting pointswere determined on each, A trace of osazon was
obtained from tube No. 2. Some osazone was obtained from tube Wo. 4,
These two osazones melted between 203 and 204° ¢. This is the melting
point of the osazone of d-glucose., The osazones from all of the other
solutions melted at 186° to 188° C. which is the melting point of the
osazone of d-galactose. I had expected the osazone from Wo. 4 to show

an intermediate melting'point.
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O Comparison of the cold water soluble-fraction- (CWS) -of homy'}oc‘ust* -
. , & G11 with the cold water insoluble (CWI) fraction as paper pulp deflocculating 1.
e a"':g‘gents and pa'tp'er strengthening materials. ' : ‘ ;
- b ’ . ] N . I T T )
. . E - . ' R N i
‘“Dlacussion: L ' 1
' . K ..E‘ '
: \ ‘ a\The C¥S fraction (GMI code number 109940) and the CWI fraction (GHI
e $
code 'nnmher 109941) were received as white powders, the former being of a !
°f1brous” type. To put them on a comparable basis, both were cooked to 80° ¢. )
at 0.50¢ golids and cooled before making viscosity measurements and applying
for peper tests, .
o " The Ostweld pipette viscosities of the cooked gums at O. 50% solidn
at 30.0° C. were as follows: '
E Seconds Relative Viscosity
; C¥S fraction 105940 360.L 68.6u8 "
C¥I fraction 1099h1 191.4 36.u57
' The sheets prepared with these gums in varying amounts were prepared
- acéordizj:s‘to a standard procedure described in previous reports. The ,a‘hraets
‘teste’d for vet toneile strength were firet dipped- into 1.0% borax solution
toi set-up the gnm toa vater-reaistant ‘adhesive and. then redried. - . ]*
-7 . *- ' e o 3 , L :,\
P . The tost: resu.lta ara given 1n the accompanying ta 1 . SR !
ot t = .q,.:« e ',' U g
f’, . ¢ ‘; : It can be seen thn.t ‘hoth aamplea ahow axcel].'ent pro ertiesdin' paper :}
" a.nd both in about the same magnitnde for ea.eh of the testa mad.e here. The - i
s ~! . ‘Ll e g . N ‘
’ ; realr-differencea between the samples cannot be rea.d “from th!a table o:l'!;?d.ata AR i
. - . LY L vet g, . 4
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sin;o an insufficient number of samples were run io obtain a omall enough
probaﬁlo error for two materials which are so similar in their
characteristics. However, the differences in effectiveness between the
twvo samples is of no practiecal significance eince an economical separation

of this type could not, in all probabilities, be made on a commercial

scale.

nak/esd




T

E i -

i g*;ﬁﬁe - Project No. 849
Sy .- August 6, 1943

.
¥ -
.
3 . P
e . age 3

' ,‘1;:‘ TABLE I

SHEET PROPERTIES OF THE CWS AND CWI GUMS

Wet Tensile
Strength after

Thwing Formation Bursting Strength =~ Borax Dipping o
) Humber % Inc. 4 Increase 4 Increase
over Blank Points over blank Units over Blank
1% CWS fraction
of Gll 37.1 1.6 29 71.6 10.1 431.6
2% CWS fraection
of G11 38.8 Lg.1 4.1 101.8 13.1 589.5
44 CWS fraction
of Gll u2.8 63.b 38.0 134.9 17.4 815.8
1% CWI frection
of G1l1 36.2 38.2 29.1 72.2 10.5 u52.6
2% CWI fraction
of Gl1 40.0 52.7 31.6 87.0 12,7 568.4
4% CWI fraction

of Gl1 by, 0 67.9 41.u 145.0 16.9 789.5

Blank 26.2 16.9 1.9
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Tt %t 777, .Paper making pr0perties of ventosan pulps prevared by Mathieson - i

Chemical Company.

"
LY

Ny Procedures and results. oo

- - + N .
' + \"- B

A ! :

L. Two- samplea of pentosan pulps "said to increase the rate of
hydration of paper pulp in the beater" were received. The pulps were numbered
#1363-6 and #1368-1, the former having the appearance of unbleached spruce
sulfite pulp. Samples were dried to constant weight at 105°% C. for moisture
determinations. #1363-6 showed 35.54% oven dry solids end #1368-1 showed
16.62% oven dry solids. These pentosan pulp samples were compared with locust
bean gum in both a free and a slow stock for their comparative properties in
paper as adhesive, deflocculation and wet strength agents.

Weyerhaeuser bleached sulfite was again used ag the base pulp but
. two different beating periods were used! a ten minute interval and a 30
minute interval. Sample #1363-6 was full of dark shives which, if added
undispersed, might spot the sheet and interfere with the formation readings.
The pentosan pulps were, therefore disintegrated in the Waring Blender for 5
minutes at 1% solids before addition to the pulps. The locust bean gum was

prepared for addition by cooking at g0° ¢. in a water bath end cooling to room
temperature.

Freeness curves (Schopper-Riegler) were run on the pulps containing
the various gums in various amounts. This was done to note the depression in
the freeness caused by the addition of the gum. The test results are shown
in the accompanying tables I to IV inclusive.

-

The conclusions are self evident, being that the ventosan vulps
deseribed have no desirable properties as papermasking materials.

. ' . i
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TABLE I

SCHOPPER-RIEGLER FREENESS OF PULPS COLTAIVIJG

THE HEVNICELLULOSE MATFRIALS, IN CUBIC CETIFRETERS

%% Addition 44 Addition 24 Addition

Pulp beaten 10 minutes
Pentosan Pulp #1363-6 835 gho 850
Pentosan Pulp #1368-1 820 gh5 850
Locust Bean Gum 840 835 gho
Pulp only ER0

Pulp beaten 30 minutes
Pentosan Pulyp #1363-6 olis 655 560
Pentosan Pulp #136%-1 000 630 650
Locust Bean Gum 530 530 540

Pulo only 675
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TABLE IIX

THWING FORDATIUN NUMBERS OF SHRETS

CONTAINING THE HEMICELLULOSE MATERIALS

]

g% Addition L% Addition 24 Addition

Pulp Beaten 10 Minutes

Pentosan Pulp $#1363-6 25.2 25.5 26.6
Pentosan Pulp #1308-1 26.8 26.4 26.0
Locust Bean Gum 43.5 hh.s b, 7
Pulp only 22.1
Pulp Bezten 30 Minutes

Pentosan Pulp #1363-6 2.2 24.6 25,2
Pentosan Pulp #1368-1 27.6 31.1 27.3
Locust Bean Gum 47.9 b1 47.0

Pulp only 27.5
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