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WET-STRENGTH DEVELOPMENT WITH DIALDEHYDE 3TARCH
SUMMARY

Ixploratory experiments have been completed using dialdehyde
starches as wet-strength agents for Weyerhaeuser bleached sulfite pulp.
Methods used te refain the starches and improve their effectlveness were:
Precipitation with rosin and alum, combination with 11% alum, combination
with a coupling zgent of the dicyandiamide-formaldehyde type, combination

with cationic starch, and combinations with protein {casein and glue) .

Optimum wet-strength properties were cbtained through the addition
of 5% of a 1:1 blend of dialdehyde starch and Peter Cooper glue. In this
case, wet tensile approached 30% of dry tensile. Without,the glue, the
dialdehyde starches provided rather minor ﬁnprovemehts in wet strength under

T the experimental conditions employed.” Glue alone yislded 10-14% wet strength.
INTRODUCTICN

This is revort No. 35 on Institute Project 849. The purpose of
this work was to find z suitable mechanism for improving the wet-strength
preperties developed through the use of dlaldehyde starch in papermaking

furnishes.

FORM 7-3 . ' THE INSTITUTE OF PAPER CHEMISTRY
2500-10-58 .
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EXPERIMENTAL

Three hundred and sixty grams (ovendry basis) of Weyerhaeuser bleached
sulfite pulp were soaked in & liters of tap water for a minimum of % hours. The

Valley bveater was filled tc the 17-liter mark with tap water. The puld was

4y

added and slushed for 5 minutes with the balance weight on the bedplate arm.

The puld was then beaten at a consistency of 1.55% to a S.R.-freeness of 700-T20 cc.

The materials used in the handsheets wére: USDA 96% oxidized dialdehyde
cornstarch, Sumstar 190, Sumstar-S, and periodate oxidized high amylese starch,
Peter Cooper No. 220 TG Ground Paper Glue, casein, Cato-8, and a.coupling agent
(a special retvention aid for dialdehyde starch). Sumstar-190, Sumstar-3, and
the coupling agent are made by Miles Laboratories. Cato-8 is a commercial cationic

starch marketed by National Starch Products.
SERIES T

Preparation of Starch Dispersion

Ten grams of 96% oxidized dialdehyde cornstarch were heated in 200 g.

of deionized water over steam in the presence of 15% sodium bisulfite baszed on

ovendry starch. wéf%éf heating for a total of 45 min. at 950él the starch was

cooled tTo room temperature.

Preparation of Glue Dispersion

Ten grams (ovendry basis) of Peter Cooper No. 220 TG Ground?aper
Glue was soaked in 200 g. of deionized water for 2 hours at room temperature.
The slurry was then heated on a steam cone to 5500. and cooked for 15 min. at
this temperature with moderate agitation. The glue was then ccoled to room

temperature.
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Where used, a 50:50 blend of starch and glue was made by mixing
/
the two precooled components.

Handsheet, Preparation

Bight sets of handshests (2.5 g. each) were made on the Noble &
Wood sﬁeet mold. When used, starch was stirred in for 20 min., glue for
15 min., and the starch—glﬁe mixture for 15 min. When rosin and alum were
‘used, the pH was held at L4.5-5.0 throughout the éheet-making process. All
rosin and alun additions were stirred in for 5 min. All sheets were ptressed
for 5 min. at 50 p.s.i. and dried for T min. at 3.5 1b. steam on the steam

drum.

Code No. Description
849-1005-1L7-1 Biank conitrol
" o2 5% starch
ft H 1 3 5% glue
" A 5% mix .(starch-glue) --- - — - - ~

Rosin-‘alum control, 2% rosin, 4% alum
5% starch, 2% rosin, 4% alum

5% glue, 2% rosin, 4% 2ium

QD =3 On N

5% mix, 2% rosin, 4% alum

Handsheets were tested for basis weight, ‘dry tensile, and wet tensile.

Results are listed in Table I.
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TABLE T
WET-STRENGTH PROPERTIES OF HANDSHEETS
CONTATNING DIALDEEYDE STARCE
Wet Wat
Basis Wt ., Dry Tensile, Tensile,
. Schopper 10 hr. 30 min.
Code No. Descripticn 25x40/500°  Tensile soak soak
8L9-1005-147-1  3lank control L7.L 20.7 ¢.32 --
849-1005-147-2 5% starch L6.8 22.2 0.76 --
8L3-1005-147-3 5% glue bl 20.5 0.33 --
819-1005-1%7-k 59 50:50 giue & starch  46.8 21.8 0.89 -
8L9-1005-147-5 2% rosin, 4% alum 43.9 1.6 1.1% 1.6
2L9-1005-1L7-5 9% rosin, h% alum,
5% starch 45.0 22.5 1.3k 3.9

849-1005-147-7 2% rosin, 1% alum,
5% glue L6.3 29.4 2.23 3.2
8L9-1005-147-8 5% 50:50 starch & glue,
2% rosin, 4% aium 43.9 24 .9 2.77

A2
o



SERIDS 2

Prevarations for Cook 1

Distilled water was heated to 87-910C. and pH adjusted to 3.0-5.5.
added
Bnough Sumstar-190 was added to maks a 3% dispersion. To this was/lB% sodium
pisulfite based on the Sumstar-190. The mixturs was cooked at 90-9500. for LO

minutez, cooled rapidly to room temperature, dilused to 1.0% so0lids and pH

adjustad to 4.5-5.5.

Preparations for Cook 2

Same as Cook 1 except thai Sumstar-S was substifuted for Sumstar-190.

Preparations for Cook 3

Same as Cook 1 except that periodate-oxidized high amylose starch

was substitutsd for Sumstar-1G0.

Prepafations for Cook L

-- - - -~A5% dispersion of Cato-8 was prepared-by booking the slurry-at ---

950C. for 30 minutes. The oH was adjusted to 4.5-5.5.

Preparations for Cook 5

Fifteen grams of Peter Cooper No. 220 TG Ground Paper Glue were
scaked in 285 ml. of deionized water (5% dispersion) for 2 hours. The slurry
was cocked in the steam cone for 15 minutes at 5500. and cooled o room

temperature.
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et Prevarations

Thirteen sets of handsheets (1.2 g. each) were made on the British
sheet‘mold. Where used, a special coupling agent (dicyandiamide-formaldehyde

" type) was stirred intd thé Hulp Turnish at 1.5% consistency for 30 minutes.
Sumstar-190, Sumstar-S, and periodate-oxidized high-amylose starch were stirred
in for 10 minutes. Cato-8, Peter Cooper glue, and combinations of glue and
starch wers allowed to contact the pulp for 15 minutes; tha 11% alum addition
for > minutes,and all rosin-slum additions for 5 minutss. Wnere rosin-alum was
used, the pH was maintained at 4.5-5.0. All sheets wers pressed at 50 p.s.i.
for 5 minutes, and drisd on the steam drum at 3.5 1b. steam for T minutes. The

following descrivtions pertain.

Code Description

Bhg-1962-20-12 0.5% of coupling agent, 1.0% of Cook 1
BLG-1962-21-13 0.5% of coupling agenz, 1.0% of Coock 2
OkG-1G6Z-21-1h 0.5% of coupling agent, 1.0% of Cook 3
8Lg-1962-21-15 0.5% of coupling agent
| 849-1662-21-16 11.0% of alum, 5.0% of Sumsiar-S
| 849-15962-21-17 v 11.0% of alum, 5.0% of Sumstar-190
T T 7T 8hkgaigéatez-i? T T 11.0% alum control
8L9-1962-22-19 2.5% of Catc-8, 2.5% of Sumsiar-S
added separately
8L49-1962-22-20 2.5% of Cato-8, 2.5% of periodate-oxidized
’ high-amylose starch
8Lg-1662-22-21 2.5% of Cato
8Lg-1962-23-22 5.0% of 50:50 blend glue:Sumstar-S
2% of rosin, 4% of alum
8k9-1962-23-23 5% of 50:50 blend glue:péricdate-oxidized
high-amylose starch, 2% of rosin, 4% of alum
8Lg-1962-2L-24 2.5% of glue, 2% of rosin, &% of alum

Samples were tested for basis weight, caliper, apparent density,
Mullen bursting strength, M.I.T. fold, wet tensile, and dry tensile.” Results

. are presented in Table IT.
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or Cook 1
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The pl of diztilled water was adjusted to 5.0-5.5. 3Sufficient

- e [ iem e e - -

Sumstar-190 was a

dded to make a 3% dispersion. Fifteen per cent of sodium
bilasufite was added, based on the weizht of Sumstar-150. The mixture was

' =0 . . . .
heated to 90-957C. for 40 minutes, cooled rapidly to room temperaturs,

diluted to 1.0% s0iids and pH adjusted to 4.5-53.0.

Prevarations for Cook 2

umstar-150.

4]
ot
7]

upstituned for

[4]]

: . Szme as Cook 1 except that Sumsiar-S was

Preparations for Cock 3

A 3% dispersion of Peter Cocper glue was prepared by socaxing in

o
I

ionized water for hours at room temperature. The slurry was then heated o
0 - o - = . . .
55C. and cocked at this temperatures for 15 minutes with moderate agitation,

followed by cooling to room temperaturs

Gt e e o+ m e e aeme a

'Preparations for Cock b

Fifty grams of cas2in were added to 250 grams of watsr and heated to
Rel . — Q
5C-55"C. Three millileters of ammonia were added and stirred at 50-557C. for
L5 minutes. The dispersion was diluted to 5% solids with warm water and cooled

to room temperature.

Handsheet Preparations

Twelve éets of handsheets (1.2 g. each) were made in the British
sheet meld. The coupling agent (dicyandiamide-formaldehyde type) was stirred

in for‘30 minutes, and Sumstar 190 for ten minutes. Casein, glue, ~a- casein-




Sumstar-S blend, and -
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& glus-Bumstar-8 blend were stirrsd for 13 minutes;

the formalin and rosin-alum addition was stirred for 5 minutes. Where

rosin-alum was used, the pH was maintained at 4.5-5.0 throughout the entire

shestmaking vrocess.

(see descr@ption)_wésv

0.2%. Tn Sets & to 12, therpﬁ of the furnish at l:é%

Th= forming consistency in the sheet mcld fr Sets 3 and k4

zonsistency was adjusted to 5.0-6.0. The following descripiions pertain:

Code

845-1962-27-1
849-1962-27-2
Bhg-1062-27-3
84:9-1962-27-4

8Lg-15962-27.5
8Lg-1962-28-5

8Lg-1662-28-7
8L9-1962-28-8
© 849-1962-28-9

849-1962-29-10
8k9-1962-29-11
849-1962-29.12

Sheets were

Descrivtion

Blank control.
Rosin-alum control (2% of rosin,‘h% of alum)
Blank control at (.2% forming consistency

0.5% of coupling agent, 1.0% of Sumstar-190,
0.2% forming consistancy

5% of casein, 2% of rosin, Lg of alum

5% of 1:1 ratio of casein:Sumstar-S, 2% of rosin,
L9 of alum - . -

3% of 1:1 ratio of casein:Bumstar-S, 24 of rosin,
4% of alum

1% of 1:1 ratio of glue :Bumstar-3, 2% of rosin,
4% of alum

3% of 1:1 ratio of glue:Sumstar-5, 2% of rosin,
4% of alum

1.0% of glue, 2% or rosin, 4% of alum

3% of glue, 2% of rosin, 4% of alum

5% of glue, 2% of rosin, L% of alum, 5% of formalin

tested for basis weight, dry tensils, wet tensile. Ths

results are listed in Table IIT.
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DISCUSSICN OF RESULTS

It is evident from the results of these exploratory studies that the

most satisiacior
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tlend in compination with rosin and alum. Tt is further evident that 5
the blend is required to produce wet-strength vaiues in Fhe range of 25-30%

of dry. Lower additions of the glue-starch combination 4id noet show
substantial sdvanitages over the glue controls although it is expected that the
relatively high wst-sirength value exhibited by the 3% glue control (Set No.

8k9-1962-27-11) was aided by high basis weight.

Other reteniion mechanisms such as the use of the dicyzndiamide
coupling agent as supported oy Miles Laboratories, the use of 11% of 2lum
as described by Hefreiter (1), and combinations of cationic starch and
dialdehyde starch as suggested by Hamerstrand (2) did not provide substantial

waet strengtn.
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EVALUATION OF ESPINA CORONA GUM AS A BEATER ADDITIVE

INTRGDUCTION

This is Project Report 34 on Project 849, an Institute of Paper Chemistry
project for testing of new materials, for the evaluating of Espina Corona gum as a

beater additive,

In recent years, Locust Bean gum had been used in increasing amount as a
beater additive in paper industry for providing the physical strength of the treated
paper, It was decided to add 0.5, 1%, and 5% of Espina Corena gum based on the
pulp and compare the results with the Locust Bean gum at the same additions,

EXPERIMENTAL PROCEDURE

PREPARATION OF 0,05% SOLIDS GUM SOLUTIONS

The 0.5% solids solutions of Locust Bean gum and Espina Corona gum were
cocked separately as follows:

Sprirkle powdered gum into cold water with constant stirring, Heat
with steam to 95°C. and hold there for 10 mj..nntes. Weigh and adjust solids content

with water,

FORM 7-3
500.7.55 THE INSTITITE OF PAPER CHEMISTRY
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BEATER RUN AND HANDSHEET PREPARATION

After soaking 360 g. of bven-dried wﬁyerhaauser pulp overnight in six
liters of water, the pulp was added. to the Valley Beater, diluted to the 23-1liter
mark and slushed five mimutes with the balance weight added, The pH in the beater
was adjusted to 7 with 2% B,S0,. The 5500 g. weight was added, the pulp was then
beaten to a Schopper-Riegler freeness of 740 c¢e. The'beaﬁer consistency wasl
around 1,5, A calculated amount of this beaten pulp was taken ?or each furnish,
The gum solution prepared as above was added to the furnish and stirred for 1S5
minutes. After this time the consistency was diluted to 0.5% by the addition of
tap water, The sheets were made in the Rapid Kothen sheet mold, All sheets were
pressed at 50 1b, pressure.for five minmutes and were dried three mimites at 3,5 1b.
steam, Elght sheets were made for each set., Basis weight, caliper, bursting

strength, tear, tensile, and M.I.T. folding endurance measurements were determined

for each set, The data are shown in Table I,
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RESULTS AND OBSERVATICNS

The Espina Corona gum appears to have a noticeable amount of dirt and

impurity, but there was no difficulty in dispersing it into the solution,

At 0.5% addition, both Espina Corona gum and Locust Bean gum increased
tne bursting strength from 85 to 96 pt. per 100 1b. At the 1% additions, the
Espina Corona gum increased from 85 pt. to 100 pt, per 100 lb.; the Locust Bean
gum increased to 102 pt. per 100 1b, In the 5% additions, both again increased

the bursting strength to about 105 pt, per 100 1lb,

There was a trend to decrease the tear factor on addition of both

Esbina Corona gum and the Locust Bean gum, but the results were not significant,

Both Espina Corona gum and Locust éean gum increased the M,I1,T, folding
endurance according to the amount added to the stock, At the 0,5% additions,
Espina Corona gum increased the strength about 30% while the Locust Bean gum
increased the strength enly 6.5%., At the 1% addition, Espina Corona gum increased
47,9% and Locu§t Bean_ggm increased the strength 79%, At the §% addition, Espina
Corona gum increased the strength 138% while the Locust Bean gum showed a strength
in&rease of 1888, The results showed that at 0,5%¢ addition, the Espina Corona gum
was more effective then the Locust Bean gum at the same level, However, the higher.
percentages of additions, 1% and 5%, showed the Locust Bean gun to be more effective

than the Espina Corona gum,

Both gums increased tensile strength proportionally to the amount that was
present in the paper, For Espina Coronz gum, at the 0,58, 1%, and 5% additiomns, it
increased the tensile strength 6,7, 12,6 and 15,5%, respectively. For Locust Bean

gum there was no significant change in strength st 0,54 additions, while at 1 and S¥

e
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additions, it increased the strength 15,1% and 38,2%, respectively, The results
indicatal that at the higher.levels of addition, 1 and 5%, Locust Bean gum was

" apain more éffectivé than Espina Corond gum at the same level of ‘additionsy -
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A PRELIMINARY ZVALUATION OF TAMARIND SEED MEAL
AND ACCOSTRENGTH RESIN 2386 AS 3EATER ATHSSIVES

Samﬁles'of tamarind seed mea; obtained from the Murbas Trading
Company and of Accostrength Resin 2386 provided by American Cyanamid
Company were evaluated as beater a&hesives by preparing‘handsheets from
Weyerhaeuser bleached sulfite pulp containing 0,0, 0,3, 1.0, and 2,0% of
these products based on the fiber weight, Studi?s Qére made with. and
without the presence of rosin, 'The prepared handsheets were tested for
basis weight, caliper, Mullen burst, Schopper tensile, Elmendorf tear,

M,I,T, fold and TAFFPI size,

The results of the forementioned tests indicate that both
tamarind seed meal and Accostrength Resin significantly improve strength

properties with the resin being the better of the two,

[PRRR _—— e = e e e - — - PR - e e e emem et e e e i ey — s - _-— e e - —

Comparison of the results at the 1% adc.llition level in the absence
of rosin .shows that tamarind seed resulted in a 303 improvement in bursting
strength, a 32% improvement in tensile, and a 240% improvement in fold.
Accostrength Kesin, under the same conditions, resulted in a 46% improvement
in burst, a 31% improvement in tensile, and a 706?5 improvement in fold. The
addition of 2% of tamarind seed meal, in the absence of rosin, did not offer

an apcreciable advantage over the 1% addition level, The 2% addition of

‘Accostrength, however, resulted in significantly superior Strength.vélues

over the lower level, As might be expected, the tear factor generélly

decreased as the other physical strengths increased. The results of the
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TAPFT size tests indicate that neither the tamarind seed nor the Accostrength

Resin, in themselves, are effective sizing agents for paper.

The tamarind seed meal was somewhat less effective in the presence
~of rosin than without the size, The effectiveness of the Accostrength Resin,
on the other hand, was comrarable in the presence of rosin insofar as the
percentage of improvement is concerned, At the 1% addition level tamarind
seed resulted in a 25% improvement in burst, an 11% increase in tensile, and
a 156% improvement in fold. Accostrength, under similar conditions, resulted
in a 56% improvement in burst, a 35% increass in tensile, and a 950% improve-
ment in fold, The TAFFI size results, with rosin presen:, indiczte that both
the tamarind seed and Accostrength Resin improve sizing slizhtly with the

resin being slightly superior in this respect.

INTRODUCTION
The present report is concerned with a preliminary evaluation of
tamarind seed meal and a synthetic resin, Accostrength Resin 2336, as beater

adnasives,

Information supplied by the Murbas Trading Company indicates that
tamapind seed meal has been found satisfactory as a beater adhesive and a

sizing agent for paper in India,.

In literature provided ty the American Cyanamid Company, Accostrength

4
Hesin 2386 is claimed to improve tensile, burst, and }olding strengths, increase
interfiber bonding and pick resistance, Incorporation of 0,73% of Accostrength
Resin into a sulfite pulp suprosedly resulted in a 62% improvement in burst and
a 35% improvement in tensile. Addition of Accostrength to pulp is also claimed

to result in; (a) little apparent change in bulk or porosity, (b) improved
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filler retention, (¢) improved sizing from rosin size, (d) faster drainage,

(e) wet web strength, and (f) lower steam consumption in the drier section.

EXFERTMENTAL AND DISCUSSION
Three-hundred and ninety grams of Weyerhasuser bleached sulfite
pulp were scaked overnight in six liters of water. The Valley beater was
filled with 17 liters of tap water the temperature of wh}ch was adjusted
to 25°C, The soaked pulp was added to the beater and the pid of the slurry
was adjusted to 7,0 with 2% sulfuric acid. After slushing for 5 minutes
the pulp was beaten for 32 minutes under a bedplate load of 5500 zrams to

an S,R, freeness of 700 cc. The pulp consistency was measured at 1,53%.

SEATER ADHZSIVE PREZARATTONS
Tamarind zum was prepared as a 1% dispersion by boiling the seed
meal in distilled water for 15 minutes with constant acitation, After

cooling the slurry 3% of boric acid was added with stirring,

The Accosirength Resin was prepared as a 1% aqueous solution,

at room temperature,

HANDSHSET PHEPARATI&N

Twenty grams of D.D.pulp or 1270 g, aliquots of beaten pulp were
used for each furnish, The tamarind gum and Accostrength Resin soluti;ns
were added to the pulp at 0,0, 0,5, 1.0, and 2,05 based on the fiber weight,
After stirring 1/2 hour, the pH Qf the furnish was reduced to 4.,5-5,0 with
alum, In those cases where rosin was employsd, 27 of the size was stirred
into the pulp prior to the addition of alum, The furnish was then diluted

to 0.5% consistency with tap water. Forty-five pound per ream handsheets




—— et =

Project lio. 243
Page 4

August 16, 1955

(25 x %0/500) were prepared in the ususl manner on the Valley sheetmold with
the pH maintained at 4.5-5,0 by the addition of 2% sulfuric acid, The sheets

were pressed five mimutes at 50 lbs, pressure and dried 7 minutes sheetside

ap on the steam drier at 3.5# pressure. Eight handsheets were prepared from

-each furnish and were tested for basis weight, caliper, 'ullen -burst, Elmendorf

tear, Schopper tensile, M, I,T, fold and TAFI size,

The physical test resulis on the unsized handsheets are presented

S

in Table I,
Takle IJ lists the results on the rosin-sized sheets,

Although it is not legitimate to compare the absolute sirength
values obtained in thé current evaluation with results obtained under similar
conditions in previous studies 1t is, nevertheless, interesting to compare
the #ercentage of strength improvement over control sheets at a common level
of addition. In previous experiments descrited in Project Report 32 il was
shown that 1% of cooked locust bean gum {Lycoid Royal) improved bursting

PR JEp— [

strength by 34% and tensile by 10% when added to Weyerhasuser bleached sulfite
éulp.' 6ﬁe'pe£c%;£ é; ;;o%eé guar gum (Lycoid CéMC) under similar conditions,
resulted in improvements of 33 and 13% in turst and tensile respectively,

The 1% addition of a pregelatinized potato starch (Speedjel F 0) resuited

in 48 and 28% improvements in burst and tensile respectively., On the basis
of these values, tamarind seed compares favorably with the locust bean and

guar gums and Accostrength Resin is as good as, or better than, the potato

starch.
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A FRELIMINARY EVALUATION OF LYCOIDS ROYAL,
OPMC, and OPMI' AND SPESDJIL
o ‘AS BEATER ADHESIVES - S —

SUMMARY

rs

In a comparison of the physical strength properties, handsheets

were made from Weyerhaeuser bleached sulfite with the following materials

added to the furnish based on the weizht of the fiber:0,0, 1.0, 2,0 and

3,04 of cooked Lycoids, Royal, OPMT, and OFMC; 1.0, 2.0, and 3.0% un-

cooked Lycoids, OPMT and OFMC; 1.0, 3.0 and 5.0% uncooked Speedjel PO,

The handshegts were tested for basis weight, caliper, Mullen burst, Elmendor?l

tear, Schopper tensile, and M.I,T. fold,

In general the physical strength properties increased with
increased additions of the beater adhesives with the exception of the
— ... ‘tear factor which normally decreases when the other physical strength
properties increase, No significant difference exdsted between the
physical strength properties of the cooked and uncooked Lycoid OEMC but
a definite improvement existed in sheets made with cooked QFMT over those

made with uncooked CPMT.

It was noted that sheets made with the cooked Lycoids at
corresponding addition levels exhibited approximately the same physical

strength properties,
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In comparing the physical strength propertiss of handsheets
made with cooked Lycoids, Lycoid Royal, at the 3.0% addition level,
exnibited the hizhest bursting strength, 90 points per 100 pounds,
Lycoids OPMT and Royal, at the 3,0% addition level, had the highest tensile
strength, 21,5 pounds per inch, while OPMT, at the same level, had the

highest folding strength, 336,

Correspondingly, for the three uncooked materials, Speedjel FPC,
at the 1 and 3% levels of addition, was superior to the others with respect
to bursting, tensile, and folding strengths. In fact, Speedjel PO appears

to be a more effective beater adhesive than cooked Lycoid Royal.

The vH's of 3% slurries of the Lycoids was noted, Lycoid

OPMC was acidis while OFMT and Royal were basic.
INTRODUCTION

The purpose of the present é;aluation ié to maﬁé a-compé}isoﬁ
of the relative physical strength developing capacities of the Stein-Hall

Lycold zums and Speedjel PO when used as beater adhesives,

Lycoids OPMC and OPMT are guar gums, OPMT being the technical
grade., Lrcold Royal is a locust bean gzum, Speedjel PO is an imported

Dutch pregelatinized potato starch,
EXPERIMENTAL

Three hundred and ninety grams of Weyerhaeuser bleached sulfite

were soaked in six liters of tap water for two hours, The Valley beater
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was filled to the 17 liter mark with tap water adjusted to 25°C. and a

. pH of 7.0 with 2% sulphuric acid. The soaked pulp was added to_the beater
and slushed for five minutes with the balance weight on the bed plate,

The pulp was beaten for 26 minutes to é Schopper-Riegler freeness of 700 cc,

The beater consistency was measured at 1.52%.

s

Forty-five pound per ream handsheets were made on the Valley
sheet mold, The shests contained 0.0, 1.0, 2.0 and 3,034 cooked Lycolid
Royal, 1.0, 2.0 and 3.0% cooked Lycoid OPMT, 1.0, 2.0, and 3,03 cooked
Lycoid OFMC, 1,0, 2,0 and 3,0% uncooked Lycoid OPMC, 1,0, 2.0 and 3.0%
uncooked Lycoid OPMT and 1.0, 3.0 and 5,0% uncooked Speedjel PO, The
perceﬁtages are based.dn the weight of the fiber., Each set contained

eight handsheets,

Twenty gram aliguots (0.D. Basis) or 1316 ml. of beaten pulp

_ were _placed in_a bucket, The uncooked adhesives were placed directly
in the pulp and allowed to stir in the pulp 30 minutes prior to addition

of sufficient alum to lower the pH to 4.5-5.0, The alum was allowed to

stir in the pulp for five minutes before dilution to 0.5% consistency.

The cooked dispersions of Lycolds Royal, OPMC and OPMT were
prepared at the 0,5% lgvel by stirring and heating the materials at
959, for 15 minutes on the steam bath, The cooked materials were
allowed to stir in the pulp for 15 minutes prior to reduction of the

pE to 4.5-5.0 with alum,
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Handsheets were made in the usual manner with the pH adjusted to
4,5-3,0 in the sheet mold with 24 sulphuric acid, The sheets were pressed

at 50dlb. pféésure fér 5 minupas_énd dried sheet side up on the steam

drier for 7 minutes at 2.5 pounds of steam, i

The pH's of 3% slurries of the Lycoids were noted. OFMC had

" a pH of 5,6, OPMT 8.% and Royal 8.6,

Specks of undispersed material were apparent on sheets at the
2.0 and 3.0% addition level of uncooked Lycoids OFMC and OPMT and at the

5% addition level of Speedjel,

The forementloned handsheets were submitted for basis weight,

caliper, Mullen burst, M,I,T., fold, Schopper tensile and Zlmendorf

. tear,

The following table gives a list of the data,

- - .- -




TABLE I

PHYSTICAL TEST DATA FOR HANDSHEETS CONTAINING
VARIOUS BEATER ADHESIVES

i

_ Bursting
Strength i
(Mullen) Z
Beater Adheslves Added Basls Weight, ' Elmendorf Schopper

to the furnish . 1b, Caliper Points Per Tear, ' Tear Tensile, M,I.T.

(Based on Fiber, %) 25 x #0/500 . in, Points 100 1b. g./shest  Factor 1b,/inch  Fold
Blank Control . 46,5 . 0040 28.5 61 , 58 1.25 17.5 51
1% Cooked Lycoid Royal 45,7 . 0040 37.4 82 L6 1.01 19.3 152
2% Cooked Lycold Royal bs 7 L0038 - 39.9 87 CoWs 1.01 21,5 194
3% Cooked Lycold Royal 4s.3 .0038 40,6 90 < 39 0,86 2.1 253
1% Cooked Lycoid OPMC 6.6 .0039 37.8 81 49 1.05 19.8 160
2% Cooked Lycold OPMC 45,6 .0038 38,6 8s Co4h 0.96 20,8 184
3% Cooked Lycoid OPMC k7.5 .0039 41,7 83 io45 0.95 21.2 231
14 Cooked Lycold OPMT b5 b .0039 35.7 79 - L6 1,01 20,0 167
2% Cooked Lycoid OPMT h46,5 .0039 39,8 86 L4 0.95 21.5 184
3% Cooked Lycoid OPMT 45,0 .0038 39,2 87 Ly 0.91 21.0 336
1% Uncooked Lycoid OPMC Lo, 4 .0038 37.9 82 CoLy 0.95 20.3 150

2% Uncooked Lycoid OPMC 45,8 .0038 38,7 8 . b4 0.96 20,7 199
3# Uncooked Lycold OPMC b46.1 .0039 4o, 4 88 . b5 0.98 21.1 217
1% Uncooked Lycold OPNT bs, L . 0040 3,6 76 Poug 1.06 18.0 96
2% Uncooked Lycoid OPMT 46,9 .0039 36,4 78 Co47 1.00 20,6 147
3% Uncooked Lycoid OPMT iy 3 .00138 33,9 77 . 0.93 19.1 198
1% Uncooked Speedjel PO bé, 2 L0040 .6 90 "Ly 0.97 22,4 2hdy
3% Uncooked Speedjel PO 46,7 . 0040 43.3 93 42 0.90 24,5 301

5% Uncooked Speedjel PO hs,7 .0039 43,8 96 - Lo - 0.88 22.8 342
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A PRELIMINARY EVALUATION OF PARTIALLY HYDROLYZED LARCH
ARABOGALACTANS, PAPER BIRCH HEMICELLULOSE AND A
CHLORINATED CELLULOSE PRODUCT AS BEATER
ADHEISIVES

SUMMARY ,

Four products, prepared in the laboratory, were evaluated as beater

adhesives by comparison with a locust bean gum control, These materials*

"included two larchwood arabogzalactans, one partially hydrolyzed with 0,1 N

acetic acid, the other partially hydrolyzed with 0,01 N oxalic acid. Also
included were a paper birch hemicellulose and a chlorinated cellulose product.
These materials were added at 0.0 and 5% (based on the wt. of fider) to alpha
pulp which had been beaten to approximately 750 cc, Schopper-Riegler freeness.
The locust bean gum ﬁas added at 3% on the fiber weight., Results of the
bh&éicai-;;;té fﬁn ;nrhané§ﬁée£$‘brépaf;arfrom ihe‘forémentiénedhfﬁrnisﬂés*
indicate that paper birch hemicellulose generally improved strength properties.
The 5% addition of this polymer resulted in improvements over the blank in
bursting and tensile strengths of 52% and 35%, respectively. Fold, which is

normally erratic, improved by a factor of 5-6 while tear decreased from 1.24

to 0,94,

*The arabozalactans and paper birch hemicellulose were supplied by Dr., Wise.
The chlorinated cellulose product was obtained from Dr. Tu.
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The partially hydrolyzed arabogalactans offered slight improvements

_in physical strength over the blank control but not a gufficient amount to

be considered significant. The chlorinated cellulose product resulted in

strength properties almost identical to the blank control.
INTRODUCTION

In line with the work of Thompson, Swanson, and Wise (1) the presént
report is primarily concerned with the possible use of two partially hydrolyzed
‘arabogalactans and a hardwood hemicellulose as beater adhesives. A fourth
materizal, prepared by treating ce}lulqse with dichloré acetic acid; was also

ineluded,

It was previously found (1) that arabogalactans were completely
i§effective as beater adhesives probably due to their highly branched nature,
It was hoped to sever to some extent this hizhly branched system by partial
'hydrbliéié hna'thérébj render the arabogalactans more fﬁtenti&é.é‘“ -

It has also been shown (1) that softwood hemicelluloses are superior
to hardwood hemicelluloses as beater adhesives. This superiority of the soft--
woods is attributed to the higher mannan content of these woods. Consequently,
the hemicellulo'se of paper birch would be of interest in being a hardwood. It
is also of interest bécaﬂse of its availability. The presently evaluated sample

represented approximately 20% of the extractive-free wood, The theoretical yield

is approximately 32%,

[N
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EXPERIMENTAL PROCEDURE

The arabogalactans considered in the present report yere_evaluatgd )

independently of the hemicellulose and chlorinated cellulose product, The

»

following general‘procedﬁre’was employed in both instances.

Three hundred and ninety grams (air dried basis) of ;lpha pulp
were soaked overnight in six liters of water, The Valley beater was filled
to the 17 liter mark with tap water and the soaked pulp was added to yield
a total volume of 23 liters., After adjusging the temperature to 25°C, and
the pd to 7.0, the pulp was slushed § minutes with the balance weight on the
bedplate, The pulp wasAthen beaten to approximately 750 cc., S5.-R. under a

load ‘of 5500 grams. The beater was emptied and the consistency measured,

The first series of handsheets was composed of 4 sets--a blank,
two sets with arabogalactans, and one locust bean gum control., The second

series of handsheets was comprised of 3 sets--a blank, the hemicellulose, and

-fhéchi;ringfed cellulose product. Zach furnish was treated in the following
manner; To the pulp at approximately 1.5f consistency was added 5% (on the -
. weight of the fiber) of one of the four products under consideration or 3% of
locust bean gum followed bf acidification to pH 4.5. The materials studied
were added as 1% aqueous dispersions and the locust bean gum as a 0,5% aqueous
dispersion. After stirring 1/2 hour the slurry was diluted to 0.5% consistency
with the pH maintained at 4.5 to 5.0. One and one-half gram handsheets were

then prepared in the usual manner on the Valley sheet mold with the pH again
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maintained at 4.5 to 5,0, All sheets were pressed five minutes at 50 1lb,

pressure and dried seven minutes sheetside up on the steam drier at a pressure

of 3.5 lb., Each sét; compoged of 3 zheets each, was submitted for basis wt.,
bursting strength, folding endurance, tear, and dry tensile strength. The

results of these physical tests are presented in Table I.
DISCUSSION OF RESULTS AND FUTURE WORK

As the results indicate, the paper birch hemicellulose shows
pronise as a beater adhesive. The magnitude of improvement over the controls
with this material at the 5% addition level parallels or exceeds the effective-

ness of several other softwood hemicelluloses (1) at the same level of addition

and locust bean gum at 3% addition. This is somewhat surprising when considering

the negligible mannan content .found in most hardwood “hemis".

In view of the results obtained it would seem logical to prenare
_another series of handsheets in which.the -birch- "hemi™ would be added at 1, 3
% 5% (based on the weight of the fiber) and comparison would be made with

established beater adhesives including several softwocd hemicelluloses.
BIBLIOGRAPHY
(1) Thompson, J. O., Swanson, J, W., and Wise, L. E., Tappt 36, no. 12:

534-54]1 (December, 1953),

jjb/mab



TABLE 1 :

BEATER ADHESIVE EVALUATION DATA

i

Basis Weight, Bursting Strength, Elmendorl
1b, Mullen M, I.T. Tear Tear Schopper Tensile,

Code No, Material Added 25 X 40f500 " Points Pt./100 1b, Fold g./sheet Factor 1b./inch
B49-H-0O Blank Control for the S 13.5 33 6 Ly 1,07 9.9

First Serles of Sheets
849-H-AG-AC-5 5% of a Lerch Arabogalactan

Partially Hydrolyzed with :

0.1 N Acetic Acid # u3.6 15.5 36 8 45 1.03 11,2
B49-H-AG-0X-5 5% of a Larch Arabogalatcan '

Partially Hydrolyzed with !

0,01 N Oxalic Acid Y 16.8 38 10 43 1,09 11,7
B49-H-LBG-3 3% of Locust Bean Gum © 43,5 25.6 59 L2 38 0.87 15.9
849-H-0-2 Blank Control for the :

Second Series of Sheets . 3.7 25.6 59 a7 54 1.24 14.8
849-H-PEH-5 5% of Paper Birch Hemi- .

cellulose . 4L3.5 39.0 90 230 LAl 0.9 20,0
849-H-CPC-5 5% of a Chlorinated | ‘ ’

Cellulose Product 43.7 26,8 61 37 85 L 1.26 15.0

[l

Note: The samples were conditioned and tested at 50% R.H., 73°F.
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SUMMARY

The okra samplee were extracted for the purpose of determining
their deflocculating ability. In general, the fiber formation in the
sheets was good, btut little different than the conirol sheets. Slightly
hetter formation was obtalned wh-en extracts of three' to four-day old pods -

wore used.

The micilage content was determined colorimetrically with a
Coleman Universal epectrophotometer. Anthrone was used to develop the
color in the solutions. The three to four-day old pods appeared to contain

the largest amounts of mucilage.
INTRODUCTION

- Tive varietles of okra (Green Velvet, Market, Gold Coast, Emerald, S

and Dwarf} were recelved August 15, 1954, Each varlety contained samples
of pods (3-4, 5-5, and 7-8 days old) and a sample of the roots. The

meclilage was to be extracted from each of these samples.

The extractions were then to be added to handsheetes in an attempt

to determine their usefulness as deflocculating agents.

THE INSTITUTE OF PAPER CHEMISTRY
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EXPERIMENTAL PROCEDURE AND DISCUSSION

Extraction of the Mucilage from Okra Samples.

.!hirty grams of thekéamﬁle were v;iéhed out on a trip balance,
cut into small pleces, and placed in a Waring Blendor, Three hundred
.milliliters of distilled water and three milliliters of formealdahyde were
mixed together and added to the sample 1ﬁ the blendor, The mixture was then

besten twvo minutes, poured into a beaker, and allowed to stand for one hour,

After standing the required length of time the liéuid vag filtered
. through cloth, 8ince the filtering vrocess was quite slow it was necesgary
to force the liquid through the cloth by holding the ends together and
squeesing, This first extraction was then weighed and placed in a 500-

Billiliter ground-glass stoppered bottle,

The s0lid residue was removed fromlthe ¢loth and placed in the
$1endor with 300 milliliters of distilled water and 3 milliliters of
rorhéld;hjae;_-it ;ao‘ﬁeﬁzﬁn‘thirfg‘s;;onds, piac;d in a b;ak;f. aﬁd ali;;;d
to stand for two hours. The second extraction waa again filtered through

cloth, squeezed dry, weighed, and placed ia a stoppered dottle,

The regidue was placed on & watch glass and allowed to dry prior

to welighing,

. The following table gives the welght in grams of each extraction

and the weight of the residue directly following it,
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TAELE 1
. .. _oBAS QP EXTBACTS AND-RESIDUES- - - ----—~ --- - =
"fhree apd 2 Five and . “Seven and
Yariety and Four-Day Six-Day Bight-Day _
Extract Samples Regidue Samples Reeldue Samples Residue Roots Residue
- Gold Coast - - o :
1st Bxtraet  267.b 282,5 . 287,2 C 261,3 .
0.8 .- 0.8 1.1 : 10,5
2nd Bxtract 24,5 288.9 297,0 . 307.3
Bmerald : ‘ ) ;
1st Extract 256,1 279.8 ' 284,2 2611
‘ 2,2 1.5 1.0 12,4
2nd Extract 322.2 305.8 34,9 298,.5
Market ' )
“lst Extract 2800 - 272.3 281,7 261,86
' 1.0 1,8 1,5 18,3 &
2nd Extract 285,33 . 266.9 25h,8 - 295.0 :
Owarf - .
lst Extract 259.1 275,1 262.8 271,6
. 2,1 1.1 2.1 11,8
2pd Extraet - 325,93 313.2 310,0 286.9
__3reen Velvet = . _ .. - S o T
lat Extract 237.8 271.6 270,0 262,0
' 3.3 1,0 1,2 12,3
nd Extract 3144 . 286,0 310,0 298,1

The coﬁparatively heavy residues for the root samples are caused

by the fibrous nature of these samples,
PREPARATION OF HANDSHERTS

Ten grams of Manila pulp were weighed out on a trip balance, torn

into small pleces, and placed in a ¥aring Blendor with 500 milliliters of
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distilled water, The pulp was beaten for two minutes and then diluted to

0,3 per cent consistency by the addition of distilled water,

Pive hundred milliliters of pulp werse taken for each handsheet,
thus giving a 1,5 gram gheet, The pulp uas'poured back and forth Yetween
two beakers--{wo times into one deaker, three times into the other., Thea
7.5 grams, 5 per cent based on the weighd of the fider, of the first okra
extraction were added, The mixture wag them poured bdack and forth in the

same manner,

The pulp and okra mixture was placed in a Valley sheet mold, which
was then filled to the 2,273-milliliter mark, The mixture was stirred by
hand, the water wae drained out, and the sheet was 1ifted from the screen

on a blotter, The sheets were prossed at SO pounds pressure and dried at

3.5 poundalsteam.

Two sheets wore made from each of the first extractions, including

the first root extractions, The firat and last sheeta were coantrol sheets,

The sheets were prepared to determine the deflocculating ability
of the okra extracts, The extracts appeared to have little, if any, influence

on the formation of the fibers, The fidber formation was fairly good throughout

the entire serles of sheets,
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DETERMINATION OF THE MUCILAGE CONI'ENT

Rather than welghing ocut several gamples of each okra extract,
drying them in an oven, and £hen reveighing, ; colorimetric method of
determining sclids seemed more advantageous, In aa attempt to determine
if a straight line ;unctlon could sg obtained, the first sxtract of the 34
day 0ld pods of Gold Coast okra was diluted to various concentrations with
dlstilled water, Pive milliliters of the diluted extract were placed in a
test tube, ten milliliters of anthrone (one gram anthrone in 500 milliliters
of 95 per cent sulfuric acid) were let down the sido of the test tadle, the
tube was shakken thirty seconds, and then pet aside for ten mimutes to insure

oonplet; color development,

The solution was then placed in a one-centimeter wide cell and
the transaittance was determined with a Coleman Univarsal spectrophotometer,

Distilled water was used as a reference solution and the wavelength was 625

—_ —_— — . -

nillinicrons,
The following table gives the transmittance for the various

concentéatlonn of extract, including a dlank solution, contalning distilled

water and anthrons,
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TABLE II

_ PER CENT TRANSMITTANCE POR VARIOUS CONCRNTRATIONS OF THE FIRST BXTRACT OF-
) © 3 DAY OLD GOLD COAST OKRA PODS

Concentration,$ Transaittancy, %
2,0 15.0
1.0 © 8,0
0.5 59.3
0,2 79.0
0,1 84,5
0,0 (blank} 91,1

In order to determine the percentage of mucilage in the reference

.@olution, two samples of the first extract of 3-4 day old Gold Coeat okra

podp wvere voizhed on an analytical balance, evaporated to dryness in a

vacuum oven, and then reweighed The mucllage content was calculated to be

N
- - -

T " 0,661 per cent for sample 1 and 0 666 per cent for samplo 2 the averagze was

then taken as 0,664 per cent,

¥ith the above data a standard curve was drawn on semilogarithmic

graph paper,

It wvas nov possible to determine the mucilage content 1n all the
eztéactiona: therefore, 0,70 milliliters of the second extracte of the pods
and both the first and second extracts of the roots were diluted to 100

milliliters in & volumetric flask, In the first extracts of the pods, 0.75
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milliliters of the okra solutions were diluted to 100 milliliters with
distilled water, Ten milliliters of anthrone were added to 5 milliliters
"of the diluted extract in a test tude, thé solution was shaken thirty

seconds, and then set aside for ten minutes,

In order to odtaln the percentage of mucilage from the concentration

of reference solution {column four in the following table) a correction

equation wvas used, For the firet extracts of the pods the equation is!

Percentage of mucilage = A_x 0,00664 x 100
0,75
where A = the corresponding concentration of reference seclution,

For the second extracts of the pods and the both extracts of the roots the

equation decomes:

Percentage of mucilage: A_x 0,00664 x 100
0,70

vhere A = the corresponding coacentration of reference solution,

e e e e

The followlng table glve the mucilage content in each extract,



Yariety and
Bxtract
Gold Coast - 1
(Reforence) .
Gold Coast = 2
Gold Comat - 1
Gold Coast - 2
Gold Coast - 1
€old Coamst - 2

Gold Coast - 1

Gold Coest = 2
Emerald -1

Bmerald -
Emerald -
Emerald -

NN

Emereld -1
Emerald - 2
Egerald - 1
Emerald - 2
Market - 1

. e e n

Age in Deys
of Pods

34

3l
-6
56
7-8
7-8

Roote
Roots

yaly
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TABLE III
MUCILAGE CONTENT

Corresponding
Concentration
of Reference

Transmi ttance Solution Percentage of Mucilage
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0,664
0.123
0.508
0,071
0.502
0,0996

0,648
0,161
0.611
0,152
0,561
©,109

0,650
0,123
0-588
0,095
0,561
0,0806

0,478
.11
0.320
0,071
0,778
0.133

0,664
0,161
0,505
0.108
0, 502
0,095
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TABLZ IIIl (Cont'd)
MUCILAGE CONTENT
- e - - o - - - = - Corresponding
. . Concentration -
Yariety and Age in Days Per Cont of Reference Percentage
Extract of Poda Tranami ttance Solution ‘of Mucilage

Dwarf - 1 Hoots 6.9 0.716 0.679
Dyarf - 2 Roots 88,7 0.12 0.114
Green Velvet - 1 dt 8.5 o, 0,629
Green Velvet - 2 Flt 85,7 0,17 0,161
Green Velvet - 1 5=6 T 56,5 0,583 0.516
Green Velvet - 2 5w 88,3 0,116 0.110
Green Velvet -~ 1 7-8 53,3 0,65 ' 0,575
Green Velvst - 2 7-8 89.5 0,115 0,109
Green Velvet - 1 Roots b4, 0 0.555 0,526
Green Velvet - 2 Roots 88,5 0.125 0.119

The preceding table gives the data neceasary for calculating the
vercentage of mucilage in pach sample, however, we are primarily interested
in the total weight of mucilage in the samples,

The following table gives the totel weight of mucilage in each

saupls and the percentage of mucilege, based on the welght of the sample,
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PTABLB IV
¥BIGHT AND PERCENTAGE OF MUCILAGE IN EACH ORKRA SAMPLR
Grams of
Muclilage in
Veight in Veight in First and
Varioty and Age in Days Porcentage Grams of grams of Second
Bxtract of Pods of Mucilage TRxtracts Mucilage Extracts
Gold Coast -1 =4 0,664 267.4 1,77 2,17
Gold Comst - 2  3-4 0,123 24,5 0,40
Gold Coast - 1 5.6 0,505 282,58 1.43 1,64
Gold Comst - 2 5.6 0,071 288.9 0.21
Gold Coast -1 7-8 0,502 287.2 1,54 1,73
Gold Coast -~ 2 7-8 0,0996 297.0 0.30
Gold Coast - 1 Roots 0,648 261.3 1.69 2,18
Gold Coast - 2 BEoots 0,161 307.3 0,89
Enerald - 1 34 0,611 256,1 1.56 2,08
Enerald - 2 3=l 0,152 322,2 0.49
Bmerald - 1 5.6 0,561 279.8 1,57 1,90
Eperald - 2 [ 0,109 305.8 0,33
Pmerald - 1 7-8 0,650 2842 1,85 2,24
Emorald « 2 7-8 0,123 14,9, 0.3
Emerald - 1 Roots 0.588 261,1 1,53 1,81
Emerald - 2 Roots 0,095 298.,5 0,28 -
Maricet - 1 Fdy 0,561 280,0 1,57 1,80
_ _Market - 2_ = 34 0, 0806 285,.9 . 0,23. .
Market - 1 55 0.478 272,3 1.3¢ 1.60
Market - 2 5=6 0,111 266,9 0,30
Market - 1 7-8 0, 390 281.7 1.10 1,28
Market - 2 7-8 0,071 254.8 0.18 )
Market - 1 Roots 0,778 261,6 2,04 2,43
Market - 2 Roots 0.133 295.0 0,39
Dwarf - 1 by 0,664 259,1 1,72 2,24
Dwarf - 2 34 0,161 325,3 0.52
Dwarf - 2 56 0.108 3113,2 0,
Dvart - 1 7-8 0,502 262,8 1,3 1.61
Dwarf - 2 7-8 0,095 310,0 0.29

Percontage of
Mucilage in
Bach Sample
7.23
5.47

5.77

7.27
6.83
6.33

7,47
6.03
6,00

5.33
4,27
8,10

7.“?
5.77
5.3
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TABLE 1V (Contimmed)
WEIGHT ARD PRACENTAGE OF MUCILAGE IN EACE (ERA SAMFLE o
(rams of
Mucllage in
) ¥Welght in Welght 4in  JFirst and Percentage of
VYariety and Age in Days Percentage Grams of Grams of Second Mucilage in
Extract of Pods of Mucilage Extracts Mucilage Extracts Bach Sample
Dwarf - 1 Roote 0.679 271,€ 1,83 2,16 7.20
Dwarf - 2 Boots 0.114 286.9 0.33
Green Velvet-1 =i : 0,629 237.8 1,50 2,01 6,70
Sreen Velvet-2 34 0,161 LY 0,51
3reen Velvet-~l 56 0.516 271.6 1,40 1,71 5.70
jreen Velvet-2 5S=b 0,110 286,0 0.31
Jreen Velvet-1 7-8 0.575 270.0 1.55 1.89 6,30
ireen Velvet-2 7-8 0,109 30,0 0,34
Jreen Valvet-l1 Roots 0,526 262,0 1,38 1,73 5.77
ireen Velvet-2 BRoots 0,119 298,1 0,35

In the following table the. grems of residue are combined with the
grams of mucilage to give the total solids in eack sample, The percentage
of mucilage ia then calculatodlon the basis of the total solida, The
" = - table also indicates the apparént viscosity as being high, medium, or low,

This viscoeity was determined entirely by observation,

I




ariety and

Bxtraet

5ld Coast
312 Coast
31d Coast
'1d Coast
11d Coast
»1d Coagt

14 Coaat

NN

1

18 Comgt - 2

orald - 1.

orald -
erald -
orald -

BN

orald -
srald -
-arald -
irald -
‘ket - 1
ket = 2

[N S N

‘kot
‘ket
ket
ket
ket
ket

1
2
1
2
1
2

rf = 1
rf -2
rf -1
rf « 2
rf =1
f -2

Age in Days  Grams of

of Pods

Roots
Roptl

Mucilage

2,17
1.64°
1.73

2,18
2,05
1,90

2,24
1,81
1,80

1,60

1,28
2.3

2,24
1,73
1,61

TABLE V

Gramg of
Reatdue

0,8
0,8

1.1
10,5
2,2

1,50

1.0
12,4

1,0

1,80 __ ..

1.5
18.3

2,1
1.1

2,1
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PERCENTAGE OF MUCILAGE IN THE TOTAL SOLIDS AND THE VISCOSITY OF TEHE EXTRACTS

Porcentage
Total Grams of Mucilage
of Solids in Total Solids
2.97 73.1
2,k 67.2
2,83 61,1
12,68 17,2
4,25 48,2
3.40 55.9
3.24 69.1
i“.Zl 12,7
2,80 64,3
- 3.40- - R
2,78 ‘ué,o
20,73 11,7
b, 34 51,6
2,83 61,1
3.7 46,1

Vigscoaity

High
Low
Mediun
Medium
Low
Low

Low
Low
High
Nedium
Hedium
Medium

Nediun
Medium
Low
Low

High

Low

Medium
Hedlium
Low
Lovw
Low
Low

High
Medium
High
Medium
Low
Medium
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TABLE V (CONT'D)

PERCENTAGE (F MUCILAGE IK THE TOTAL SOLIDS AKD THE VISCOSITY OF THE EXTRACTS

FORM 73

L ) . Percentage
ariety and Age in Deys Orams of GOrams of Total Grams of Mucilage
Bxtract of Pods Mucilage Residue ef Solids in Total Solids Viscosity -
varf - 1 Roote 2,16 11,8 13,96 15,5 Low
varf - 2 " Roota , - Low
reen Velvet - 1 34 2,01 3.3 5,31 9.7 High
reen Volvet - 2 ol Mediun
reen Velvet ~ 1 56 1.7 1,0 2.1 61,1 Low
reen Velvet - 2 5=b Low
reen Velvet - 1 7-8 1.89 1,2 3.09 61,2 High
seen Velvet - 2 7-8 Medium
+een Velvet - 1 Roota Low
scen Volvet - 2 Roots 1.73 12,3 14,03 12,3 lovw

m———



