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~Further Zxperiments with Waring Blendor Beating and The Bffects of Locust
Been Gum Additian, - '

Introduction:

Data presented in Report No. 2 of this project indlcated that
considerable increases in tearing resistance could be obtained simultaneously
with increases in bdbursting strength when a Warinz Blendor was used as a
beater, Such characteristics are very desirable from a vepermaking stand-
point since it ig the usuel occurrence for the tearing resistance to
sharply decrease with increase in bursting strength. The unusual properties
were not due eniirely to acddition of locust bear gum because further
experiments showed that the pulp alone gave simller tear increases. There-
fore 1t seemed desirable to further investigzate this type of beating 2nd
the effect of locust bean gum upon the properties in question.

It is well known in the paper industry that most oulps increase
in tearing resistance during the very first vart of the beating cycle
but thereafter & sharp decresse becomes evident. It 1is believed thrat
the latter nhencmenon may be due »rimerily to & shortening of the fibver
length and that the Waring 3lendor which nresumably might not cut the
fiber anoreciably does give 2 unique type of beating action. In talking
this matter over with Dr. Rowland and Mr, Wells of the Institute staff
it was learned that some information on Waring Blendor beating was avail-
eble. (See File on Ronald Mrish)This material was examined and found %o
be quite brief. Since our results seemed interesting enough we decided
to rersue the investigation a little further,

Work Done:
l. %wo pulos, Weyerhaeuser dlecched sulfite and Duracel bleached
kraft were beaten for verious intervzls In the Wering 3lendor

and the Valley bheater.

2. Sheets made from these pulps were compared &s to bursting and
tearing strengths,

3. The effect of locust bean gum on one of the beaten pulps was
. studied to some extent,
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4 Experimental:

3eating Procedure at 1,5% consistency

Ten grams of the pulp (0. D. basis) were placed in 2 ¥aring
Blendor and 71U ml. of water were added. The pulpn was allowed to soak
for five minutes and then the beater was turned on low speed for the
exact number of minutes desired. The pulp was diluted to 2000 ml.
(0.5%) and made into 1.5 g. handsheets on a Valley mold in the customary
manner,

In the experiments where locust bean gum was added to the pulp
this wae done by first heating 0.1 g. of the gum (1% on nulp), in about
50 ml, of water to 80° C. and then adding the dismersion to the pulp
two minutes befaore the end of the beating time. The puln wes then
diluted as before and made into handsgheets,

3eating Procedure at 3,095 Consistency

Twenty grams of pulo (0.D, basis) were placed in a Yaring
Blendor and 667 ml. of water were added, The mixture was allowed to
sork for five minutes end then the beater was turned on high speed for
an exact number of minutes, The pulp wes diluted to 4000 ml. and made
into handsheets as before.

Attemnts to beat the puld at 3% consistency with the low
speed were unsuccessful becavse the pulp did not mix alequmtely,

Results and Disgcussion

The deta on the beating of Duracel bleachred kraft at 1.5 and
7.0% consistencies in the Waring Rlendor and in the Yalley beeter are
ziven respectively in Tables I, II, and III, The burst-tear factors are
plotted egainst veating time in Fisure 1.

The burst-tear factor is a value obtained by sddition of the
bursting strength per 100 pounds to the tear factor multinlied »y 100,
The bursting streneth, of course, continues to increase with degree of
beating but the tearing resistance (tear factor) only incresses during
the very first part of the beating cycle and thereafter decreases
regularly., Thls characteristic of the tear value mey be the result of
& pumber of factors, among them being the tyve of heating action. Thus,
in the curves of Figure 1 the maximum height of the curve gives to a

certain extent a relative measure of the ability of the beaters to develop
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™ combinetion of dbursting and tearingz strength in pulpe.

The data for Luracel dleached kraft indicate that Waring Blendor
veatirz develons somewhsi greater pulp gtrength then the Valley beater.
Beating in the 3lardor et high sveed and hicher consistency (3%) gave
about the szme meximuwn value, the only apparent difference being & more
repid develonment o the meximum,

e data an the beating »f Yeyerhaeuser bleached sulfite are
in Teolee IV end V &and for one per cent locust bean gum addition in
Table VI. The burst-tesr factors zre =nlotted in Flzure 1 and from theee
it awvears that the Yaring Blendor mossesses no significant =dventzze over
the Valley beater for this sulfite nulp. Tre addition of one ver cent
of locust mean gum during the beating cycle showed thet the gum neither
increased nor decreesed the tear value of the resulting sheet of paner.
Eather it appears that the gum supvlements the hydration effects of the
beatinz action, )

. The work as a whole seems to indicate that the Yarins Zlendor
might noseess some adventage 2s & beater for hard pulcs such es kraft
out no discernible advantage for softer pulzs.
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TABLE T

VARTATIQN OF BURST AFD TFAR DURIFG BEATIKG OF DURACEL BLEACHERD KRAFT IY TEFE WARING RLENDCR

Beating
Time
(minutes)

5
10
15
25
35‘*
L5
60
()
90

** Check

35

EBffect of

L5

Basia
Weight
265x40/500

b8k

L7,k

47.8
kg b
Lg.L
46.5
hg. 2
Lg.0
bl

Caliper Apnerent
Tensity

inch
0.0057
0.6053
0.0053
0.,0052
0.0050
0.00h9
0,noLg
0.00Lk9

0.0043

8.5
9.0
9.0
9.5
9.5
2.5
10.0
10.0

i1.0

on 35 minute heating time

49.0

0.0050

10.0

Congistency = 1.5%

Bursting Strength TFlmendorf Tear

___(mullen)
Pts.,  Pts,00F
12.9 27
16.3 3k
21.L 45
27.9 58
32.7 68
3.8 15
39.0 81
L1.8 87
Ly, 2 95
7 71

Tear
£./sheet

119
133
149
156
190
157
159
159
1h3

16k

Factor

2.he
2.81
3.12
3.22
3.93
3.78

one per cent Locust Bean Gum addition to U5 minute beating.

h7.9

0.00L8

10,0

2.k 109

* TFreeness at 30 minutes beating time

13

Burst-
Tear
Factor

273
315
357
380
161
k13
41
h1g
403

106

L0g

S.R.
Freeness
of Pulp

850

. 8l

8Lo

830+
815
10
(&S

175

820

File
No.

110489
110490
110491
110588
110589
110693
110694
110695
110734

110761

110762




Beating
Time 5. R.
{(minutes) Freeness
B _—
5 ———
10 825
15 15
35 720

'VARIATION OF BURST AND TEAR DURING BEATING IN THR WARI&G BLEIDCR AT 3% CONSISTENCY

Basis

Weight
25x10/500

47.0

L7.1

- h7.2

La,2

k9,3

-

TABLE II

Stoclk - Duracel Bleached Kraft

Bursting Strength Flmendorf

Caliper Apparent (Mullen) Teayr Tear
inch Density Pts. Pts./100# g./sheet TFactor
0.0058 8.0 9.8 21 81 1.73‘
0.0051 9.0 20.3 43 137 | 2.91
0.0049 9.5 28.5 60 159 3.37
0.0051 9.5 10.2 £3 17k 7.51
0.00k9  10.0 51.8 105 155 3.1k,

¢ TUsed low Warineg Blendor sveed which geve noor circulation

All others at high speed.

Burste—
Tenr
Factor

193
334

397
Lol

9

Tile
Yo.

110801
110802
110803
110804

111302




TABLE III

THE VARIATION OF BURST AFD TEAR DURING BRATING CF DURACEL BLEACHED KRAFT IN THE VALLEY BEATER*

Beating Basis
(mimtes) Frasmoss Z5ri/e00
5 850 L8.7
10 850 - 49,7
15 850 Lh,9
25 830 : 7.7
35 820 L7.2
L5 800 L7.8
60 765 hg,

75 105 L7.4

Consistency 1.5%
L4500 g. on bed olate

Caliper Anvarent
Density

inch
0.0056
0.0053
0.00h6
0.00k6
0.00h2
0.00k2
0.00bL1

0.00k40

8.5

9.5
10.0
10.5
11.5
11.5

12.0

12.0

Bursting Strength

Pts,/100#

(Mullen)

Pts.

14,0 29
226 hg
28.0 62
43,3 g1
53.9 114
59.4 124
65.2 135
67.9 1:3

Flmendorf
Tear
g./sheet

29
159
1ho
130

€9

86

g6

76

Tenr
Factor DPFzctor No.

2.03
3,20
3.12
2.73
1.99

1.80

1,78

1.50

Burst-
Tear

232
365
374

313
303

File

110826
110827
110828
110829
110830
110831
110832

110833



TABLE IV

VARTATION CF BURST AND TRAR DURING BRFATING OF YFYRRHATUSYR BLEACHRD SULFITE
. I¥ THE WARING BLENDOR

Consistency 1.5%

Bursting Strength  Elmendorf ,Rurst-

Reating Basis
Time Welght Caliper Avwarent (Mallen) Tear Tear * Tear TFile
(minutes) 25xU0/500 inch Denslty Pts. Pts/100¢# £./sheet Fnctor Factor Mo,
5 4.5 - - 12.1 25 106 2.19 *2uu 110585
10 h7.0 - — 16.1 g 103 2.19 . 253 110585
15 L47.0 — - 18.9 Lo 118 2.51 291 110585
25 Lo 0.0045 10.5 25.5 55 116 2.50 305 110753
35 h5.1 0.0043 10.5 29.0 64 106 2.35 299 110754
45 u6.2 0.00143 10.5 31.3 68 95 2.06. 274 110755
60 us.7 0.0043 10.5 34.9 76 §2 2,01 277 110756

G 5.5 - 0.0042 11.0 36.1 79 g3 1.93 272 110757




TABLE ¥

VARIATION OF BURST AND TEAR DURIMG REATING OF WEYERHAARUSER RLETACHED SULFITE IN THT VALLEY BRATER
Consistency 1.5%

Beating Bagis Bursting Strength - Flnendorf Purst-
Time Welght Caliper Apparent (Mullen) Taar Tear Tear File
(minutes) 25x40/500 inch Density Pts. Pts. /1004 £./sheet Factor Tactor No.
5 50.0 0.0053 9.5 10.5 21 . — -— 111504
10 6.5 0.00L47 10.0 15.0 12 107 2.30 262 111505
15 46.8 0.00L5 10.5 20.9 U5 118 2.52 297 111506
25 7.6 0.00L3 11.0 32.5 68 85 1.79 2u7 111507
35 47.5 0.004) 11.5 38,2 80 68 1.k3 223 111508

* No good tears




Beat
Tim

(minutes) 25xL0/500

5

10
15
25
35
L5
60
15
20

TABLE VI

t

VARIATION OF BURST AND TWAR DURIVMG BEATING UPCH ADDITION OF OFE PYR CFNT OF COCKED LOCUST BRAN GUM

ing Basis
] Welght

48,6
hg.2
7.4
U6.5
L7.0
U6.7
R
46.5
45,3

Caliper
inch

0.6051
0.0049
0.0048
0.0045
0.00L5
0.0043
0.00h2
0.00L2

0.00k2

Avparent
Density

9.5
10,0
10.0
10.5
10.5

11.0
11.0
11.0

11.0

Stock ~ Weyerhaeuser Bleached Sulfite

Beater - “aring Blendor

Bursting Strength

Pts.
19.3
27.3
1.7
18.2
h0.5
12,6
u5.7
us, 8
THI

(Mullen)

Pts./1004
T
57
67
g2
86
91
o8
98
97

Per cent increzse over dlonk at ssme beating time.
See Tzble IV for corresconding blank sheet,

Per Cent
Increase

Elmendorf
Tear

1
Tear

Burst-
Teer

in Burst* g./sheet Fector Factor

6h.0
67.7
67.5
49,1
34k
33.8
29.0
2,1

-

113
121
113
ay
82
75
70
13
6h

2.33
z.51
2.38

2.02

274
308
305
28

file
No.

110866
110867
110868
110869
110870
110871
110872
110873

110874
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AN BVALUATION OF SEVZRAL 20RAX.SCDIUM EYPCCHLORITE COMVERTED-
MUCILAGES AS CLAY COATING ADHESIVES

Iatroduction:

Previous work on Project 969 (Revort 1) has shown that converted
mannrogalactan mucilages are strong adhesives for pigment coatings. It wvas
also found that a limited amount of wet serub resistance could be odbtained
by incorporation of a small amount of buffered borax solution. These ex-
periments were made with converted products having little poseibility of
commercial manufacture. A method of conversion has now been devised which
may possibly be commereially feasible. This is the borax-sodium hyvo-
chlerite technigue, Several member mills have already exvressed their
interest in converted mucilages of this type. Therefore, it became desira~
ble to evaluate as coating adhesives some of the promising products made
by the new method,

Experimental:

\ Work Done

1. Several types of converted mucilages were evaluated in
coating colors--these included converted G4¥=2, Gl and low
cust bean gums,

2. The coatings were examined for Denison wax pick test
and visual smoothness. Two coatings were tested for K
and ¥ ink absorption and compared with starch coatings.

Procedure

Since many of the converted products varied consideradbly in
a2sh and molsture contents 21l evalustions were made on a2n oven dry-ash
free Hasis for the mucilage., After several experiments, the following

| procedure was adopted,

12 g, of converted mucilage (0.D. and ash free).
, 240 ml. water.
*~  Glacial acetic acid to pE 5.0-5.5.

FORM 73 THE INSTITUTE OF PAPER CHEMISTRY
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Tre mixture was heated to 80° €. with stirring and allowed to cool to
about 40° C. The pH was then adjusted to pH 6.0-h.5 with dilute alkali

and added to the following clay slip:
10C G. HT clay

50-50 ml, water
1.5 m. 108 sodtum tetraghosohate (duadrafos)

After thorough mixing, the coating mixture was screened through
a 100 mesh sieve and used to make drew downs with a 0,0015 inch bar.

Results and Discussion!

The experiments with converted GM-2 mucilages showed thet this
material is unsuitable as a coating adhesive, Coatings made with these
products were not only very rough, oresumebly becausze of the non-dispersidle
seed coat present, but aleo the pick value was very low. (See Teble I)

At firet 1t was believed that the roughness was due entirely to agzlomerated
¢lay particles produced by the salts present in the converted mucilage.
Aowever, an experiment with zn acld hydrolyzed Gl=2 (G11-556) which had =z
very low ash content also gave & rough costinz, When converted locust

bean gums were used, smooth coztinss were obtalned. In order ts show that
the Gi-2 rueilege was responsible for the roushness, separste costings

were mede with the cooked mucilage and a clay slip. The mucilage coating
was very rough while the clay coating was very smooth., Examination of the
mucilage coating with a low power microscope indicated thet most of the
roughness was due to the seed coat present in the G2 mucilage. However,
nunerous craters were also evident and these were the resuit of undispersed
particlea of mucilzge which had been highly swollen while the film was wet
but had shrunk won drying. This was evident in finished ¢oatings as tiny
transparent spots.

Two samples of converted guar GUL were evaluasted. (This muei-
lage has the seed coat removed and is much improved over gh-2,) Sample
R25225 {General Mills code number) was difficult to disperse both before
and after conversion and as a result, coatings made with the converted
product were rough and unsuitadble. Sample R25545, however, dispersed gquite
well and gave very good costings from the standpoints of beoth smosthness
and adheelve strength. Twelve per cent of this mucilage based on the
weight of the clay, gave average wax plck test values of HSA, This con=
verted mucilage is therefore equivalent to casein in adhesive strength.

. The experiments were monde at & relatively low cozting solids
content because the mucilazes were only moderately converted and possessed
vigeosities too high for coating at higher solids content, Further experi-
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TABLE II

_RELATIVE INK A3SCEPTION VALUES FOR
MUCILAGE AND STARCH COATINGS

K and ¥ Ink Absorption
Per Cent Average Reflectance %
File Adhesive Adhesive
¥o. Designation Used on Clay Ro Original Ro Inked Difference

113483 €79-573 Mucilage

371:573 10 75.5 43.5 2.0

1132l C79-573 Mucilage

_ 674573 12 75.0 i 30.9
113485 = CUg-557 Starch 18 80.1 36.6 h3.5
113487 Champion *

International

Paper Company Starch 22 70.4 hi,5 26.9
113488 C19-1-557 Starch 22.5 78.7 33.6 70.1

* Machine-finished, calendered.
All others not calendered. !
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2leacning of Flame Tree Muellage

Introduetion

Toe mannogalactan mucilage obtained froo the fleme tree seed
(Delonix regis) is a perticularly poveni adnesive for apolicestion to the
paper industiry. Trhe princlpal objeetion %o using the mucilage 2 the
present time is thet thae darz seed coal cannot be eompletely milled out,
Therefore, the product cannot e used in hign grade pevers because of
the many dark speecxs retained by the sheet. All attewpts, so far, to
effect a separation of mucilage and seed coal Lave failed. Therefore, it
was decided that bleaching snould be tried with 2 borax solutisre zs 2
susversion medium. (Ses Report ¢ on the vorax tecunicue), Freliminary
test .tude experiments showed toe posslbility of dsing this and several
further experiments were made.

The importance of this work lies in the fact that it nzxes
available to tke paper industry a cheap potent macilage suitadle for
practicalliy all tyzes of sazer.

Ex_erizental

work Done:
1. Plame tree mucilage was susvended 1n borax solution
ani bleacied witz various guerntities of sodium aypo-
cr:lorite,

2. Those products founé to be sulteble from a svecrs stand-
rolni were evaluated as beater zdresives aftaer cooldng.

3. Several of tihe more rnighly bDleached procducts were a2lso
evaluated as cold water soluble beater zdnesives.

L. Attexnts were mede to bleach tire mucilage by means of
gaseous chlorine end rnitrogzen dloxide

N P
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Zleaching Frocedure

02 g. flane tree mueilage (Sarough t0O zesa)
pJQ ml, water
2 E. DOrEX

= C_‘

Tre Gorex wes di=soxv in tie water znd vue mucilage edded with stirring. |
Taé aixtire was svirred for 19 minutes ad roon temperature and was then
filvered {(wita difficulty) on a fritved gless 3Bfleiner funnel, Tae DTroduct
was wasied cnce wila water aid bhe excess removed by suetion. Tlae wes

paé of mucilage wergied 217.5 gZ. and was taen ceparated into three 72.0 g.
sgiznles and each sasrended in 100 ml. of wabter. Various quantities of
sodium nypocalorive so_uticon were gdded and toe mixture svirred
occasionally Tor severzl nours until the aveilable ctlorine was zeerly
consuned. Toose szmples which contaied an insufficient amouzt of calorirne
to completely bleach the dark specxs were used Tor further exsverinents by
adding more scfium hAypocnlorite solusion., After bdbleacaing, the Troducls

)

were filtered off, wasaed with water and @ir dried.

24 FJ

) A second series of exverizents was made walch differed from
tre first only in that une borax washed mucilage was resustexded in
fresh 3% borax soiucion for the bleac.ing procedure, It was thought that
a stronger borax solutior might effect & savirg of cnlorize zecessary
for blezching. Both series of experizents are sumizrized in Tadle I.
A control was nade vy stirring 10 g. of tre flame tree mucilage in 10 ml.
cf 2% borax solution for 45 minutes followed by filtration and was:ing
vito water. Yield &.f =,

Lhe mucilages were cooded 2t 2: concentration in wagler a
wiva HC1 3o vd = 5.5. Tne temverature wss rasised to 30-65° 2. end held

s

for 20 minutes,.

Results and Discussion

In the 7irst exseriuents on tre olesciing of flame tree muclilege
it was found that & conside rgblﬂ qeentity of toae colored materiszl cﬁulc
ve removed oy & vreliminary wasaing with borax solution. This effected
considerable saving in the anmount of crlorize necessary to blesca the
muciiage. Tioe data in Table I indicete taat at least 3@ of availadle
chlorine is necessary for bleacuing of tle dark speciks preseal in tie
mucilage. Feraeps lmproveuents in the preliminzry extraction zrocedure
will furuvner reduce tne ctlorine necessary. DTaree percent of chlorine
gave a producy practically free of specks having only a faint vellow ~olore.
Increasirzg percercages of cnlorine gave products of increas*ng brightress

,'(:

2
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and with 7 to 15% of chlorine pure white mucilages were obtalned.

These larger quantities of cnlorine are unnecessary from a sveck stand-
point 2nd they were used in these experiments only to determine the

effect on cold water dispersidility. The 15 hour bleaching period is also
unnec<ssary since only =2bout one hour i{s needed for consumption of the
major vart of the cnlorine. Resuspension of the washed mucilege in 3%
borax golutlon instead of water did not decrezse the minimum amount of
chlorine necesszry for bleaching.

The veater evelustion data for the bleached mucilages are
vresented in Tables II end III. The cooked mucilages at 1.5% addition
to the ruly gave very god increases in bursting strength and folding
endurance. Thege increszses are es g00d as those obtained from guer Gh-2
mucllage % 1l.5% addition to the pulp. IY spseers that the degree of
bleaching up to 10% calorine does not alfer the strength cualities
aprreciably. At 15% chlorine there was a noticeable decrease in ourst
end fold.

Addition of the bleached mucilsges to the beater as dry
powders gave only adout 30-50% of the strength attalinable by cooking the
maclilage prior to pulp addition. Thie indicates thet moderste mleaching
did not avpreclably increase the cold water dispersidbility. That vroduct
which had been treated with 15» of available chlorine gave the highest
burst znd fold lnereases.

Bleacalng with Geseous Chlorine znd Hitrogen Dioxide

Severel preliminary sttempts to blezch fleme tree mucilezge by
gaseous chlorine and nitrogen dioxide hzve been made. Neither gas will
blezch the mucllaze at its normal moisture content (about 7-10% HEO:.

It is necessary to increase the molsture in the mucilage to about

15-25% before the bleeching will occur. Esvever, even at this meisture
econtent the nleached Troluct retalns a ratner deen yellow to orzmse color
which dses not disgpwear. Furthermore, sbsorption of the gas meXkes the
rroduct strongly acléic thereby enabling continuous ecid hydrolysis to
occur. Leutralization with ammoniz leaves s considerable quentity of
emmonium chloride wilch is also aeidie. Some success nas been zttalned by
giving thre mucilage a preliminary borax extraction followed by Dzssage

of the gas throuzh the wet product in emounts insuificient to malke the
mixture zcidic., This drocedure vrobably holds no aedvantage over hlezching
in the aquecus borex solution.
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3leacning of flamne tree mucilage during the cocking Trocedure
nas veen tried to a limited extent. It wes found tast ebout 5% of
¢rlerine was necessery to bleach btae sTecks since the extra coloring
ngiler had not been removed by extraction.

It is vprovable that tpe borax susvension technique of
dleaching could be accoaplished at a cost 2f adbout ore cent 24T Dound
of mucilage.

sws/vs
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A Summary of the Bleachiﬁg Data of Flzme Treze lMucllage

Gode No.

67-1-573
¢7-2-573
67-3-573
67-4-573
67-5-573

G7-0=573

Gr-1-513

G2-1-5(3
GE»2-572
GE=3-373
GB-U4-5/3

Gy-3-573

G--0-373

G3-71-573

* Unoleached control 25.1

-

Fer Cent
Availszble
Chlorine
Added on
Mucilage

045
1.0
2.0
2.5

3.0

2.0

3.0
7.0

10.0

15,0

Time

in

nours

2.5
3.0
5.0

5.0

Percentoge

Apvearance
of Froduct

deny stecks
¥any stecxs
Soxne specks

Some specks

Very few specds
of light yellow

color

do visible stecis

Some svecks
o suecks

pecss
e cclor

Fiie]
-
h

5

“+ m

rure white

Fare wnite

|~
a-




File ifo.

117480
112984
L1rg6L
Lirysa
LIRYE]
112987
11749806
113053
11305k
113055

* Conked

peater

Code lo.

Blrnk
Control
G7=5-413
67~6~573
67-b-573*
Blank
o7-7-573
69-5-573
69-6-573
8Y-7-573

At |[H =5

Blenk

67-6-513
GY1=71-5(3
G9-5-573
GU-6-573

Gy-7-573

Tablke IT

Evrlustion of 3nokrd fHlenched Flane rees iucilpgea. 1.5% Fuciln.e on Pulp, Fraesness 770, P Rorin, 5.5% Alum
rer Cent Barle Bursting Strengbh Far Cent HIT Fer Jent Gurley Elmendorf Tenr
Chlariue Vel st Polnts Fts.f100 ibs., Incresse Fold  Inarense Porostty Tear Factor
for Blepch 25x40/%500 Ln Durst in Fold Sec. /100 cc.  g.[chent

- L7.0 5.5 bl - 103 - 15 76 l.b2
0 u7.h Lo.& 86 b1.0 o 190 16 56 1.18
3, HGLH 38.8 g3 361 21§ n08 19 50 1.12
b by,2 40,1 sh 1.0 st 1g9 - 18 oh 1.14%
y L7.3 39.7 84 3.7 003 184 18 55 1.16
- U7.5 23.1 59 - 57 - 19 8 1.64%
5 bo.9 Lg.8 87 L7.5 289 Loy 19 55 1.17
lf k6.3 37.3 1 37.3 302 bl 17 57 1.23
10 57.3 6.7 B? 19,0 319 H60o 18 61 1.29
15 4.7 3oL g2 33.0 °12 are 18 b2 1.33
5 ” ) Table I1I

, Evnluation of Bleached Fleame Tree Muctlayes Added Dry to Beater

- hg.3 28.6 59 - 6 - o5 80 1.66
Y Lg.2 32.1 b7 13.5 b3 h5.8 30 71 1.47
5 Lg.6 32.3 b5 11.8 b2 b3.2 2 72 1.h48
T L3.b 3l.3 bl 8.5 94 147.0 a2 b8 1.0
10 4y.7 32.0 b7 13.5 80 110.0 o bl 1,14

15 L7.8 34,5 72 22.0 137 Pb0.0 23 63 1.32




~PROJECT NO. 849

PROJ ECT REPORT FORM COOPERATOR Institute

REPORT MO
Copies to: Flles paTe June .1, 10ul (typed 6-12-LL}
MI‘. Steele 556 573
Dr. Rowland NOTE BOOK .

Mr. Swanson PAGMI';O__E_JEO twL
susﬂsn_yéﬁv MLAMM

John ¥W. Swanson

THE CONVERSION OF MANNOGALACTAN MUCILAGZES IN AQUEOUS BORAX SOLUTIONS

e T UDABLE OF CONTENTS

Page
Introeduction .2
Experimental 2
Work Done . 2~3
General Conversion Procedure 3.1
Conversion of Series G. 72-5%6 to G. 78 to 556 b5
Alkaline Extraction for Removal of Protein 5
Results and Discussion
Behavior of Locust Bean Gum in Borax Solutions 5.6
Preliminary Conversions of Locust Bean Gum £-9
The Effect of Protein Content on Conversion Reaction 1012
Extraction of Protein 13-14
* The Effect of Alkali Concentration and pH on the rate
of Conversion 1415
The Evaluation of the Converted Mucilagzes as Tubeize
Adhesives 15-16
An Evaluation of the Converted Mucilages as Cold Water
Soluble Beater Adhesives < 16-20
The Problem of Cold Water Solubility 21
Discussion of Possible Limitations of the Conversion Reaction 21-22
The Economics.of Conversion 22
Suggestions for Further Work 22.23
Summary 23-24

\¢

YoMt 73 THE INSTITUTE OF PAPER CHEMISTRY




- Project No. 849
Report Yo. 9
Fage 2

THE CONVERSION OF MANNOGALACTAN MUCILAGES IN AQUEOUS 20RAX SOLUTICNS

Introduction:

‘The matter of a sultable conversion medium for thinning down the.
viscosity of mannogalactan mucllages has been 2 considerable impediment
to the progress on this problem. The mucilages hydrate readily in water
thereby making it difficult and expensive to lsolate the converted vroducts,
Alcohols and other organic materials in which the products do not hydrate
appreclably are expensive and often unsuitable because of reactivity with
the converting agent. These factors have been explained in greater detall
in previous reports.

The search for a suitable conversion medlum has led t¢ the use of
aqueous borax salutions, The woric of this report indicates that it is
entirely feasible to convert mannogalactans suspended in a water solution
of borax, This procedure is simply an application of the property of
mannogalactans to form a water insoluble gel in the presence of horax,

In this case, the small particles of mucilage do not dissolve because the
borax solution presumably surrounds each particle with a layer of the borax
gel, thereby., preventing the penetration of a sufficient amount of water to
disperse the mucilage.

This report covers some exploratory work upon the conversion of locust
bean gum and guar GY-2 by means of sodium hypochlorite in a borax solution.
Locust bean gum was used most frequently because of 1ts grester purity and
uniformity. At the present time, however, relatively pure guar products have
become avallable and the experimental data obtained from the locust bean gum
oxtdations have been found to be applicable to this guar with minor changes.

The conversion of mannogalactans in agueous borax solution {8 not
limited to sodium hypochlorite. It is reasonable to expect that many of the
alksline oxidizing agents used for converting starches may be employed.
Sodium peroxide has been tried with success and experiments with other
compounds will be investizated as time permits,

Experimental:

Work Done:

Information upon the following points pertinent to this method of
converting has been obtained.

1, The possibilities of conversion in borax media and limit-
ations thereof. '

2. The relative degree of hydration of the mucilage in various
concentrations of borax.
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3. The effect of concentration of borax solution upon the
apeed of conversion, yleld and ash content of the con-
verted product.

4, The effects of impurities in the mucilage such as protein
and seed ¢oat upon the rate of conversion.

5. Methods- of proteln removal and purification of mucilages.. _

6. The quantity of chlorine necessary for conversion of the

mictlage.

7. The effect of alkali concentration upon the rate of
conversion.

8. The possibllities of these converted mucilages as tubsize
adheslives,

9. The possibilities of these products as cold water soluble
beater adhesives.

General Conversion Procedurs:

17 g. Borax
500 ml. water

50 g. Locust hean gum

91 ml. NaOCl (6.5% Clp apd 3.1 N in Na2OR)

The borax was dissolved in water and the gzum was added to the solution
with stirring, The sodium hypochlorite soclution was then added and the reaction
allowed to proceed with continned stirrine. Usually a 6 degree rise in temper-
ature was noted. At the desired time, the mixture was filtered off on a Blichner
funrel, washed once with water and 2ir dried. Variations in ikis procedure are
noted in Table Il where a summary of the conditions of each conversion is pre-
sented. ZXor minute details of individuval conversions the notebook should bhe
consulted. The Code No. of each product represents the page snd notebook
number,
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TABLE I

SUMMARY OF PROPERTIES OF LOCUST BEAN GUM TREATED WITH VARIQOUS
CONCENTRATIONS CF BORAX SCLUTION. . .- .

FPer cent
Conc. of Volume of Tield of Ash 0.D. Tield of
Borax Hydrated Gum Froduct Per cent Ho0 Ash free Manno- -
Per cent after 24 hrs. grams 0.D. basis PFer cent TYield galactan
3.b 37 4.7 7.33 15.3 3.6k 86.3
2.72 37 L. 6.82 11.8 3.58 gu.g
2.0L Lo k.5 5. 4k 10.7 3.77 £9.1
1.36 4o 4.3 b.21 0.4 3.68 g7.2
0.68 47 . 4,2 2.41 8.6 3.7k 8.6
0.3k o 4.1 1.5 9.2 3.66 86.¢8
0.17 63 3.9 0.84 9.7 3.ug g2.5

Conversion of the Serles G72-556 to GT8-556.

he g. Borax
. 3000 ml. water
1500 ml. NaCCl -7 1400 ml. of

WA
O 0

£2.77;

400 g. Locust bean gum ~-100 ml. of 6.5 2

The ingredients were mixed in the above order in a H-liter 3-neck
flask fitted with a thermometer, a.mercury sealed stirrer and a delivery
tube for cecllection of evolved gases by water displacement. Upon addition
of the locust bean gum the temperature increased from 25.0 to 32.5° C. and
about 750 ml. of a colorless gas were evolved and collected. Sazples of the
converting mixture were removed from time to time by siphoning off aliquots.
These were filtered and the products washed with 500 ml. of water and air
dried. Five samples were obtained varying in conversion time from o to $6
hours. The filtrate in each case was analyzed for chlorine and sodium hy-
droxide. Glycerine was added Jjust prior to determination of the latter
property since boric acid is a strong acid only in the pressnce of a neutral

polybydroxy compound. A summary of the properties of the products may be found

in Table III.
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The gas evolved during the first hour of the reaction was insolubdle
in water, neutral, colorless, had a faint odor of bleach liquor, gave a weak
test for COo, was very unreactive, end appeared to be principally nitrogen.
Magnesium metal was burmed in a bottle of the gas and when this was dissolved
in water an odor of ammonia was noticed, A determination of the density of
the gas gave a velue of 1,28 2 that of nitrogen is 1.25.° '

Alkaiine Extraction for Removal of Protelin.

After several preliminary experiments it was found that protein
materizl present in the raw muicilages seriously interfered with the conver-
sion of the mannogalactan. Attempis were made to remove a consideradle part
of the protein by alkaline extraction. This led to the adoption of the follow-
ing tentative extraction procedure.

12.8 g. borax :
20.0 g, sodium carbonzte
500.0 ml. water

50.. g. mannogalazctan gunm.

The borax and scdium carbonate were dissolved 1n the water and the
gun added with stirring. The mixture was stirred for one hour at room tem-
perature and the gum filtered off and resuspended in 500 ml. of water. After
s few moments the zum was filtered off and the excess waber drawn off. Thils
product was then resuspended in borax solution {of the desired concentration}
end converted as before with sodium hypochlorite solution. The products
possessing the code numbers 3120-555 and beyond were each ziven this vrelim-
inary alkaline extraction vrior to conversion. Extraction with 3% borax alone
at room temperaturs was also tried but tais procedure gave products of higher
nitrogen content and so it was not used, Further work unon an optimum ex-
traction method has given a still better procedure but this was not used on
the products of this revort.

Results and Discussion:

Freliminery Investigation of the Behavior of Locust Bean Gun in
Borax 3olutione,

Test tube experiments with both locust bean gum and gnar GU-2 denm-
onstrated quite clearly that mannogalactans can be quite readily converted
with sodium hyvochlorite solution. This led to a more careful study of the
procedure which, thus far, has pointed cut a number of factors which in-
fluence the conversion.

Cne of the first factors investigated was the permissable range of
borax concentration which could be employed from the standpoint of mucllage
hydrefion and solubility., This was done by suspending 5 g. (4.22, 0.D,
ash free) of locust bean gum in 100 ml. of the desired concantrat§on of

borax solution, The dégree of swelling in milliliters was observed after
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standing 24 hours. The gums were then filtered off and yields determined. The
data are presented in Table I and are plotted in Fig. 1. The ash content in-
creased steadily with borax concentration and there seemed to be some tendency
for the moisture content to vary similarly. The degree of hydration or swelling
was greatest in the lower concentrations of borax and decreased to approach an
almost ‘constant value from 2.0-3.5% borax. The percentage yield of recovered -
mannogalactan was svproximately constant (86%) down to 0.3 per cent borax
concentration - then a significantly greater amount was lost through solubility.
Subsequent experiments have shown that the average yield for a moderately con~
verted mucilage in one to two per cent borax is about 80-85%, This seems
rather low upon first examination but it is now tmown that 6-7 per cent of

the raw locust bean gum is protein material, which is soluble in the alkaline
mediuvm. Correction for this would bring the yield of mannogalactan up to aboul
90 per cent, The remaining ten per cent of the mucilage remains unaccounted
for. It is possible that this fraction does not form an insoluble complex with
borax and is therefore leached out. Ferhapns extraction with borax may furnish
2 better means of fractionation of the various mannogalactan polymers for fund-
amental studies. One of the most important factors made apparent from these
data was that the mucilage may be quite highly swollen without a signlficant
loss in yield. The importance of this lies in the probable heterogeneity of
the reaction on particles of mucilage which are not highly swollen. This will
be dlscussed more fully in a subsequent section,

Preliminary Converslons of Locust Bean Gum,

The first attempts to convert 50 g. samples of locust bean gum with
sodium hypochlorite solution encountered several puzzling phenomena, When the
hypochlorite and gum were mixed a very rapid reaction occurred during which a
considerable quantity of a gas was liderated. Starch-iodine tests of the
converting mixture gave strongly positive results for chlorine during the first
part of the reaction but as the oxidation proceeded the test became less distiact.
At about 3-1/2 hours it became negative. This behavior indicated that the avall-
able chlorine hed been consumed., However, further investigation proved that thils
wag not the case since a considerable quantity of chlorine was found by titration
to be present even after 96 hours reaction time. Further experiments indicated
that about 804 of the available chlorine was consumed during the first one-half
hour of the reaction. Tne remaining 20% of chlorine was consumed at a slower
rate. Also, it was noted that oroducts oxidlzed for shorter periods of time
possessed conglderatly higher viscosities than those oxidized for longer periods.
However, the additional decrease in viscosity caused by the action of the last
20% of the avallabls chlorine was found to be considerably dependent upon the
borax concentration and amount of alkali present in the mixture. In other words,
1t was found that at a definite borax concentration the more sodium hydroxide
present the greater the reduction in viscosity. Also.lower borax concentrations
ytelded products having lower viscosities, thereby indicating that the more
highly swollen mucilaze particles were attacked to a greater extent or perhaps
more readily than particles swollen to a lesser extent. See Table I G18-556
to G65-556. It was belleved for a time that the viscosity decrease which
occurred in the later part of the reaction mizht be due to air stirred into
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the mixture during the long conversion time. An experiment (G111-1-556 and
G1l1-2-55h6) was made by oxidizing a double batch of micilage for two hours
after which time {t was sevarated into two batches. Cne half was allowed to
continue in the normal manner and air was bubdbled through the other for 22
hours. A comparison of the viscosities showed that dissolved air did not
appreciably affect the degree of conversion. . .

4 series of converted products (672-556 to G73-556) were mext made
by oxidizing a 400 g, batch of locust bean gum and removing samples from
time to time. The rate of chlorine consumption and changes in aikali con-
centration were followed throughout the reaction period of 96 hours. The
gases evolved during the first hour of the reaction were collected and later
analyzed, The data are given in Table III and are plotted in Fig. 2. The
viscostly of the products decreased rapidly during the first six hours of
the reaction but thereafter at a much slower rate, presumably because of
the much lower concentration of available chlorine. :

The variation in ratio of sodium hydroxide to c¢hlorine present was
one of the lmportant findings of this experiment. It was found that the
ratic increased sharply during the first ten hours of reactlon and there-
after slowly decreased. This may account for the disappearance of the
starch-iodine test while chlorine was still present.

Since there was an excess of sodium hydroxide present in the sodium
hypochlorite solution it is to be expected that in a purely oxidative type
of reaction the ratio of residual sodium hydroxide to residual chlorine
should continue to increase with time. The curve in Flg. 2 whicn illustrates
changes in the ratio shows the expected increase during the first hours of
conversion but it then attains a maximum and thereafter slowly declines.
Thie seems to indicate that some type of acidic group which neutralizes the
excess sodium hydroxide is formed during the reaction. Two possible expla-
nations may bYe made -

(a) the protein may react with the hypochlorite to form sa acidie

compound or

(b) wuronic acid groups may be formed on the mannogalactan chain.
Some eviderce has been obtained for the latter reaction. The filtrates
from each of the above converted products were mixed with two volumes of
acetone and allowved to stand overnight. This gave in each case about 2.3
g. of a carbohydrate product which was rich in uronic acids. These samples
did not possess a reducing value with Fehling's solution but a smzll amount
of a blue precivitate formed. Tests for uronic acid on locust bean gum and
the converted mucilage G30-556 gave 1.21% and 1.38% carbon dioxide respec-
tively. It is planned vhen time permits to analyze the filtrate solutle
material quantitatively for carbon dioxide, mannose 2nd galactose, This
may lead to a bhetter interpretation of reaction mechanics.

-




A SUMMART OF CONVERTING CONDITICNS AND

Por Cent Borax  Per Cent

in Medium during

Code No. Mucilege Used Converalon
G18-556 Locunt Bean CGum 2.8
G19-556 . " " 2.8
C¥-556 . " L 1.12
631-556 . " " 2.8
6312556 Extracted 15g. with 400ml. water one hour air
§32-556 Locust Bean Oum 2.8
651-556 . L 1.12
§65-556 " . " 1.12
672-556 - GTE-556  See Table III.

6114-8-556 Locust Bean Gum : 1.57
GL20-556 " . " 1.57
6125-556 " - 1.57
G131-556 . . " 1.57
M1a13 Coe 157
058.556 Gh.2 1.12
659-556 G2 ‘ 1.12
090-7-556 @42 1.57
Gl11-1-556 GU-2 ' 1.3
0l11-2-556 Ol-2 1.3

. Na0Cl Used wan 6.5% Clp and 3.7 N NaOH.
. " o ® 2.7%Clp " 0.97 X Na0OH,
LLL I " * 7.1 C1; " 2.7 K ¥aOB.

avallable
Chlorine on Gum

12.0
12,0
12.0

12.0 -
dried

12.0
12.0

12.0

22.0
11.0
11.0

11.0

11.0
11.0

12.0
12.0

22.0

-
11.0 alr
11.0

TAELE II

Approxioate
pH of the

Medium
12+ *
12+
12+

9_‘. -

12+
12+

Q.+ #e

12+ ses
124 #en

124 =

% {dufim)

1.2
7.1

12+ =
g4 oo

124 wee

124 wen
124 wee

PROUPERTIES OF THE COWVERTED MUCILAGES

Time of
Conversion
in Houras

16

u
54
54

54
72
20

[+
(=]

mN':J'l Mown
(==l RS S ]

£
ARV

A |
Do b oo

L)
FF

Tiald
Grame

52.1
52.6
6.0

b6.7
12.9

u5.6
u7.7
1.7

14.9
29.9

27.3

33.2 |

ug.2

.5
.7

-
]
A%

&w
QW

19.4
23.h
1h.%

15.4
8.3

12.8

16.%
9.5

Alr dry Mositure Aah
content
per cent

per cent Oven dry and Ash freas

0. D.
15.2
10.3

9.62

9.1
2.63

9.91
8.13
5.35

T-38
6.21
5.73

True Tisld
Grams par cent
341 80.8
3.9 82.8
34.9 82.8
D2 0
35.2 63.5
3.2 82.5
35.5 BY4, 2
33?6 ?5?6
¥o 153
284 68.2

Ju.2

Relntivae

Yiscoulty
14 30°C.

222.1
261.
5.

296,
273.

132.
5.
91.

[ IV R VI - - Y v -

[+

1.68
15.7
23.8

1.9

6.8
53126
25.7

54.3
50.7
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Remarks

Added 9_3ml, Con.HCL
Extracted to reduce

This was a double

1% CoCly6Ho0 added

Two Stage Chlorinmtion
Had previous Alkaline
Sane as 0120-556:
Oxidation in strong

Gum hydrated too
Buffered at pH= 7.7

Two 3tage Chlorination

Air bubbled through

after NaOCl
ash content

size batch

as catalynst

Extraction
but Grc:lj &

(3@) aixalt
much (4isea

for 22 hour
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The Effect of the Protein Content of the Mucilage on the Conversion Reaction.

The gas evolved during the initial part of the conversion of products
672-556 to G78-556 was collected by water displacement. About 750 ml. were
obtained. Tests upon the gas indicated that 2 mere trace of CC» was present and
that the remainder was nitrogen. Presumadly this resulted from the oxidation of
protein material in the mucilage. However, this is unusual because ammonia, an
aldenyde and carbon dioxide are usuazlly obtained by oxidation of protein.

Several experiments were made to determine the possible influence of
the nitrogen or protein content of the mucilage on the chlorine consumption.
Two two-stage conversions were made, one with locust bean gum and the other
with guar G4-2. The conversions were started with 11% of available chlorine

and at 105 minutes an additional 11% of chlorine was added. The rate of chlorine

consumption wase determined by titration of available chlorine at various inter-
vals, The conversions were labelled G90-556 for GU-2 and 611U-556 for locust
bean gum. These experiments wers followed by converting products which had
been first extracted with a solution of borax and sodium carbonate to remove

hnF .

some of the protein. The data are given in Table IV ani are plotted in Fig, 3

The curves of Fig. 3 indicate that the conversion reaction is quite
dependent upon the amount of protein present in the raw mucilage. It required
about 13% of chlorine to change the rate of oxidation of lecust bean gum but
about 20% for the Gi-2 mucilage which had a somewhat higher protein content
and considereble seed coat material., (For protein multiply nitrogen x 6.25).
When the raw gums were previously extracted with alkali to remove some of the
protein a much different curve resulted. Only about 5% of chlorine was then
required to change the rate of oxidation. It is bhelieved that the reaction
of sodium hypochlorite with protein is much more rapid than with mannogalactan.
Thus, when the reaction begins both protein and mannogalactan are oxidized but
the reaction with protein is so much more rapid that as long as a significant
amount of protein remains, the gum, relatively speaking, is only slightly
attacked. Only after the protein has been oxldized does the attack take place
principally upon the gum, Thersfore, 1t appears that impurities in the raw
micilages will certainly play a significant role in conversion and it would
seem to be advantageous tc remove as much of the protein as possible. Since
the present G2 mucilage varies considerably in protein content from batch
to batch (See Table V) and containse nearly 204 of inert seed coat material,
which no doubt consumes chlorine too, much of the work thus far has been
done with locust bean gum. Recently, however, General Mills Inc. has produced
a fairly uvniform guar GM4 zucilage essentially free from seed coat., Several
trial conversions of this mucilage have been quite successful.
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TARLE 1V

COMPARATIVE DATA ON THE RATE OF CHLORINE CONSUMPTION
UNDER VARIOUS EXPERIMERTAL CONDITIQNS

690-556 Guar . . . . Gl14-556_Locust Bean Gum
Not Alkaline Extracted Not Alkaline Extracted
Nitrogen = 1.16% Kitrogen = 1.07%
Conversion Time Total grams Conversion Time Total grams
in Minutes Chlorine present in Minutes Chlorine present
0 5.5 0 5.6
15 C.75 5 2.1
45 0.63 25 1.05
g0 0.53 60 0.75
105 added more 6.03 95 0.65
Na0Cl
110 1.62 105 added more 6.10
¥a0Cl
115 1,42 115 5.14
135 0.90 120 5.00
150 0.78 135 L, 60
180 0.68 190 L 11
360 2.70 |
|
G120-556 Locust Zean Gum !
Alkaleine Extracted 6125-556 Locust Bean Gum |
Fitrogen = 0.565% Alkeline Extracted
Conversion Time Total grams Conversion Time Total grams
in Minutes Chlorine present in Minutes Chlorine present
0 5.55 0 5.57
10 3.62 10 3.54
20 3.0k : 25 ©2.93
45 2.60 45 2.67
120 2.08 65 2.39
330 1.5 70 added 2 ml.
1% CrCl3.zH0 --
15 2.20
110 2.06
200 1.77
330 1.55
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{continued)

COMPARATIVE DATA ON THE RATE OF CHLORINE CONSUMPTION
UNDER VARIOUS EXPERIMENTAL CONDITICNS

6131-556 Locust Bean Gum
- - - - Alkaline Extracted (Reaction in
3N NalOH)

Conversion Time Total grams

in Minutes . Chlorine present
0 £.66
10 3.12
25 . 2.51
60 2.11
120 ) 1.82
200 1.52

330 1.23

G55=573 Guar G2
Alkaline Extracted
Nitrogen = 0,37%

Total grams
Chlorine present

gonversion Tipe
in Minutee

)
20
60

180

330

390

[l ol el AVIR AR )
(el S T A

[l > Bt R W]

G57-573 Guar Gu-2
Alkaline Extracted
Reaction at pE = 7.5

Conversion Time Total grams
in minutes Chlorine present
0 5.5
30 1.37

. 617-573 Locust Bean Gum
Alkaline Extracted (Reaction. at _
pH = 7-7)

Conversion Time Total grams

in Minutes Chlcrine present
0 5.6
i ' 3.36
1 2.28
30 1.7k
- B0 1.22
120 0.84

G10-573 Locust Bean Gum
Alkaline Rxtracted (Rezction at
PH = 7.2)

Conversion Time Total zrams

in Minutes Chlorine present
0 5.6 |
12 1,94
ok 1.4

120 0.53

G63-573  Guar G
Alkaline Extracted
Reaction at pH = 12

Conversion Time Total grams

in Minutes Chlorine present

0 5.5

15 2.67

60 2.01
100 1.55
180 1.22
300 0.57
360 0.40
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Extraction of Protein

The best method of extracting the protein material from the mucilage
hae not as yet been devised, Several methods have been tried using the
residual nitrogen content as a measure of effectiveness. Locust bean gum

-which had-been extracted for one hour with a 3% borax solution hed a higher
nitrogen content than when it had been extracted with a solution 2.5% in borax
end 4% in sodium carbonate. Therefore, in most cases the latter procedure was
used for proteln removal prior to conversion.

TABLE V

PROTEIN CONTENT OF VARIQUS MUCILAGES
* Protein

File Yo, Code Ko. Extraction Procedure Moleture % Ash ¢ Nitrogen % % 6.25
112251 Raw Locust
Bean Gum none 13.01 0.86 1.07 6.69
11314 Locust Bean Gum  One hour with Borax
G34=1-573 and Na,003 Room Temp. 15.10 9.29 0.56 3.50
113142 Locust Bean Gum
G34-2.573 One hour with Borax .
Solution Room Temp. 14,66 3.96 0.63 7.94
113165  Locust 3ean Gum
G17-573 Converted Extracted Gum
in Borax Solution 21.01 8.85 0.20 . 1.25
112668  gl-2 - 3/3/hY none 8.26 1.82 1.16 7.25
G2 One hour with Borax
112669 G116-556 and NapCO 12,24 5.39 0.51 3.18
Gh-2 Converted "in Borax
113166 358-556 and Strong NaOH 9.87 5.86 0.21 1.21
G4-2 Converted in Borax '
113167 G59-556 and Weak NaOR g.28 436 0.12 0.75
112193 G4 none - - 0.69 4,32
01d %2
112194 12/10/U3 none - - 0.29 5.56
New 2 )
112195 z/hd_kk none - - 2.l 15.25
G2
112647 Neenah Paper Co. none 6.60 -- 2.1 16.30
G4-2 '
112648 Gilgfrt Paper Co. none 6.24 - 1.55 .68
G2
112920  L4f7/u4 none 6.11 1.97 0.98 6.12
gLk
112919 h/gﬂf& none 5.60 1,41 1.10 6.87
113288 2 0.5 hour in 3% Borax at 50%.9.70 3.69 0.37 2.30

*Nitrogen on Q.D. basls and where data are available it is also on ash free basis,
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Subsequent to the experiments of this report a better extraction
procedure was devised and has been used in recent conversions. It was
found that extraction of the mucilage for 0.5 hour in 3% borax solution at
90 C. yielded a product of lower nitrogen content than the above preferred
method. It should be mentioned that this methed still removes only sabout
65% of the protein. Further experiments will no doubt result in vrocedures
giving more complete removal. On the other hand, 1t is possible that a
certain amount of residual protein may be desirable during the convsrsion
to bear the strongly degradative effects which are present during the first
vart of the reaction when the hypochlorite is more concentrated. It must
be mentioned, however, that the lower the profein content prior to conver-
sion the less chlorine will be required to convert the mannogalactan to a
desired viscosity. Interestingly enough, even the converted products contaln
appreciable amounts of nitrogen (0.1-0.2%). This may or may not be protein-
aceous in character. It is believed that this nitrogen may be present in the
gkin substance which surrounds each mucilage cell. A further atudy of thig
substance has been planned.

The Effect of Alkali Concentration and wH on the Rate of Conversion.

Several conversions of both guar and locust bean gum have been carried
out at different pH to investigate, in a preliminary way, the effect on the
rapidity of the reaction. It has been found that the oxidation is greatly
affected by the pE or alkxali concentration. The data on rate of chlorine
consumption are given in Table IV. They are also plotted in Figures L and 5
where the rates of chlorine reaction are plotted against time, The shapes
of the curves indicate that pH must be a significant factor in the rate of
reaction. Thus, using as a basis the time necessary for locust bean gum
(Pig.4) to utilize 3.5 g. or 6U% of the available chlorine present, it may
be seen that at pH = 12 about 160 minutes were required while in 3N NalH
70 minutes were necessary. The most rapid reactions took place at pH = 7.7
(22 minutes), and pH = 7.2 (12 minutes). Similar reaction times were
observed for two cases of guar mucilage (Fig. 5). A zuar GW4 oxidation
(G63-573) proceeded more rapidly at pE = 12 than did GU-2, At present
this can not be explained adequately. However it should be mentioned that
the differences in the two curves are not the results of experimental error.
Surves of any one mucilage can be reproduced quite closely.

A thorough interpretation of the reaction mechanics involved at
different pE must walt until we have obtalned more conelusive data, However,
a logical interpretation can be made by znalogy from information available
upon the sodium hypochlorite oxidation of celluloce. This will give us some-
what of a working hypothesis upon which to plan further expsriments. It is
well known that bleaching of cellulose taxes place most rapldly in a neutral
medium and that as the pH increases so does the necessary reaction time. The
greater reactivity near the neutral point is explained on the kmowledge that
two types of oxidant - hypochlorite ion and hypochlorous acid - are preseat
upder these conditions. As the pZ increases less hypochlorous acid is present
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and oxidation becomes slower. This same interpretation should hold true

with oxidation of mennogalactans and an additional factor - that of swelling

near a neuiral pHZ - should enable better penetration of the oxidizing agent

and pronmote the reaction. Aigain referring to cellulose, as the alkalinity

ig further increased to the range of very strong alkali, i.e. 3N NalH, very

rapid oxidation occurrs. Thie is explained by the mercerizing action of the -
alkall on the cellulose which enables the oxidizing agent to penetrate the
structure more easily. A similar interpretation might be made for the more

rapld oxidation of mannogalactan in 3N Na0H, (See G131-556 in Fig. 4,

Due care must be exercised during reamctiona carried out at lower pH
values. The mannogalactan muet, of course, remain insoluhle in the conversion
medium and therefore the pH must not be allowed to come too close to the nmeutral
point for there, solubilization begins immediately. Boriec acid has no insolu-
bilizing action on the mucilage. Since sodium hypochlorite solutions charact-
eristically produce HCl during their reaction, the alkalinity decreases and 1f
an insufficient quantity is present the pH will fall rapldly toward the neutral
point. Therefore, when carrying out oxidations 2t pH close to the neutral point
the mixture must be watched very closely and either a strongly buffered medium
must be used or occasional adiitions of alkali must be made. High alkali con-
centrations, imsofar as we have investigated, do not cause an appreciable sol-
ubilization above that taxing place at mildly alkaline pH,

It is possible that the optimim type of conversion would be one in
waich the initial pH is high enough so that the final pH would end at about
7.5. This would enable the first part of the reaction to proceed rapidly
upder alkaline conditions because of the high concentration of sodium hypo-
chlorite. The latter part of the reaction would also proceed rapidly because
of low pH and the swelling of the mannogalactan, This would give the shortest
time of conversion and highest economy of chlorine.

The Evaluation of the Converted Mucilages as Tubsize Adhesives,

Severel of the converted locust bean and gusr gums were used as
tubsize adhesives at one per cent concentration and 50° C. on a 1002 per
cent rag stock, The tubsize solutions were made up by c¢ooking the con- -
verted gums in water containing enough acid to bring the pH to about 5.5.
The amount of acid necessary varied with the ash content of the converted
gun. Some variations in femperature and percentage of application were
also made, The low concentration of tubslize solution was used for two reasons
(a) some of the products were too viscous to be used at higher concentrations
and (b) it was belleved that ocutstanding adhesive characteristics would be
more evident,

The converted locust bean gum products appear to be pvarticularly
outstanding tubsize adhesives, (See Table VI). At one par cent concen-
tration the optimal converted gums gave burst increases of 30-35% and fold
increases of 50-80%. Of course, the most viscous mucilages in several cases
gave somewhat lower strength increases but this may be attributed to less
penetration of the sheet Guring tubsizing. Strength increases of the above
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magnitude are realized with starches only at much higher concentrations.
Typical data for two starches, Superfilm No. Y at 3% and Satin Hercules
at 5% concentration are given in Table VI,

Tubsizing with a one percent solution of the mucilage does not show

- the maximum strength-qualities-attainable-because insufficient_ mucilage is
plcked up or absorbed to form a continuous film on the fiders of the sheet.
Measurement of the amount of mucilage picked up during tudbbinz was made by
wolghing the paper before and after entering the tub. The concentration of
solution being kmown (1%), the mucilage remaining in the sheet could be
calculated from the weight of the wet sheet. By this methed it was found

that only O.4% of mucilage was applied to the sheet. An experiment was made
to show the effect of a more continuous film coverage of the fiber. One sheet
was tubslzed with a solution containing one per cent of a converted starch and
a second sheet was tubslzed with a 3 per cent solution of the same starch:

The former solution gave a 39.4% increase in burst and the latter a 26.7%
increase. An experiment at higher concentration of mucilage alone was made
with gum G51-556. Although this product wag not particularly outstanding
when used as a one per cent tubsize, at 3. 5% 4t gave a 45.6% increase in
burst and a 140% increase in both directions of folding endurance. These
values are scarcely attainable with starch at any concentration or temmer-
ature of application on this sheet conditioned at 50% relative humidity

and 73° F.

The converted guar mucilages {Table VII) did not show tubsize char-
acteristics as good as the locust bean gums. This was primarily due to the
large amount of impurities present, princivally seed coat., Therefore the
actual concentration of mucilage was about 0,%% rather than one per cent -

a difference sufficlent to account for the lower strength values. No doubt
if the solutions had been made up on the basis of mannogalactan present they
would have egqualled locust bean gum products,

An Fvaluation of Some of the Converted Products as Cold Water Soluble 3eater
Adhesives.

One of the ultimate goals of the application of mucilages to the
paper industry is to make = product which i3 cold water goluble, This means
a product that can be added to & beater in the form of a dry powder and be
expected to fully disperse during the period of beating. During some exper-
iments it appeared that the oxidized micllages digsolved rather easily in
cold acidified water and might possibly serve the purpose as a dry addlition
beater adhesive.
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TABLE Vi Ruport Ko. 9
TUBSIZE CHARACTXRISTICS OF THZ LOCUST PEAT GUMS CHLORIFATED IE A BORAX MEDIUM ) Fage 11
. ci\iﬁftf:m Helative :’::;t ser cont ]I)::Pf:’::‘ Gurtey sAnendort g:;‘:ll’!;:r
i T, cute to. soae mtmra T mig B e i BRSNS, fepwe LITTas s soory gl mlue
Average Blenk —- - . 18,7 0.2033  29.9 160 - 217 57 e -- 225 92 102 26,0 13.0
112070 G18-556 1.0 50 202, 19.9 0.9039  39.9 201 25.6 7 100 60.0 754 302 102 107 o
112071 G19-556 1.0 50 261. 19.7 04,0038 oY 205 28.1 297 Y8  36.9 72.0 294 100 111 - -
112072 613-556 1.0 61 261. 19.7 0,9039 bo.6 206 2R.58 285 123 32.3 116, 300 99 113 __ o
112135 GIW-556 1.0 50 . 5.9 18.8 0.0039 38.0 202 26.2 321 90 52.6 57.9 18 gL 108 - -
112137 G31-556 1.0 50 296.8 13.2  06.0039 .2 196 2.5 321 90 s52.6 57.9 230 93 111 -- -
112139 G32-556 1.9 50 132 3.2 0.0033  39.9 208 36.0 395 B3 77.4 w56 230 98 110 — -
N EER W % Ziee s Son s 2 EE ok e s 1y 2 we o =
112540 665-556 i.0 50 e 9.2 00039 .2 21k 33.8 k21 B2 9hl  L3E  23L 96 103 — -
112541 G12-556 1.0 e . 195.0 19.3  0.0039 39.5 205 28,1 Ly 86 82.5 50,9 257 92 106 — -
112503 G77-556 1.0 60 152.0 19.3  0.0018 un. o 207 29.4 47 9R 876 2.0 256 g5 109 . i
11254k 07B-556 2.0 60 143.9 13.3  0.0038  u0.3 209 30.6 33 96 0.1 68.k 238 93 110 _— -
112766 G114-8-556 1.0 50 1.68 19.3 0.0038 36.3 18% 17.5 324 72 N9.W 26k iTL 93 105 27.5 13.6
112767 £170-556 1.0 50 15.7 15.c  0.0038  LO.8 215 M.k 3k 82 63.2 shh 207 92 103 29.2 1.2
11276 0125-556 1.0 50 . ?3.8 19.1  0.0038  38.9 20k 27.5 s RS 68.7 sk 23 9 101 294 14.0
112812 6131-556 1.0 50 3.9 16,9  0.0037 Loy 25 L 355 81 82.1 N2, 188 92 103 29.0 142
113079 G17-5T73 1.0 50 6.6 19.0 0,004  39.7 209 0.4 w13 93 90.3  63.2 193 gL 106 i, i
119815 1%22325225;35:7556 ‘
e Emernt 22 el MR 2 OB OBEMBE fE omW
. . 3 B . . 28.1 Urg 122 97.8 11h,0 2ug 97 107 31.7 1.6

Note: All sheets conditioned at 50% Relative Humidity mnd 73° ¥.
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Several divergent types of converted mucilage were evaluated in this
way. One per cent of the converted gums (0. IT. and ash free) were added to
the beater early in the beating cycle along with 2% of rosin and 4,53 of
aluz. FYor comperison the same mucilazges were also cooked and added to the
puln,

The data are in Table VIII. It appears that two of the earliest
converted products (G19-556 and G30-556) are fairly good cold water beater
adhesives but, the remainder of the products do not disperse very well under
these conditions. The reason for the G19 and G30 products dispersing more
completely is not at present explainable, Certain differences in conversion

procedure may account for {t. These products were the only ones of the group

which were not alkaline extracted to remove the protein prior to conversion
and they were washed with borax solution following their conversion. It was
unfortunate that not enough sample of G30-556 was available to evaluete it
after coocking. However, the strength values, particularly the turst, are
sufficiently high to commend the product without this comparison.

Raw locust bear gum, which had been treated with strong aliali, hes
the property of dispersing quite readily in cold acidulated water. It was
believed that this method might possidly be a better way of meking a cold
water soluble mucilage. The gum (G27-572 Table VIII) was made by treating
locust bean gum with 50% sodium hydroxide for 5 hours at room temperature.
It is evident from the data that this product was not readlly scluble in
the white water of the beater. However, it dissolves readily when a water
suspension 1e acidified with hydrochloric or acetic azcids. It is possible
that the alum may have interfered with the beater dispersion, This same
factor may have influenced the results obtained with the oxldized mmucilazes.

1



Fils No..

112355
112353
112762
112763

112764

Tubei re
Conditlons
Par cent Temp-
Code FHo. Solide
Average Blank - -
658-556 1 50
655-556 1 50
690-556 1 50
Glil-1-656 1 50
6111-2-556 1 50

ernture °C.

TARLE VII

TUBSIZF CHARACTERISTICS OF G472 GUMS CHLORINATED IN A BOHAX MEDIUM

Relative

Tinconity

at 1% 30%C.
9.26
6u.6
2.1
54.3
50.7

Ensls
Weight
17x22/500

18.7
19.3
19.2
19.0
15.2

19.3

Calipar
- inch

0.0033
0.0040
0.00L0
0.0038
0.0018
0.0038

Bursting
Folints

29.9
38.1
37.8
36.2
35.3
36.8

Strength
Pte. /1004

160
199
197
194
18L

191

Poar cent

Increase

in Burst
2h. b
23.1
21,2
15.0
19k

MIT Yold

Ia
217
230
327
252
261
234

Across
57
62
56
67
58
61

Par cent
Incrense
in Fold

In Acrosws

6.0
50.7
16.1
23.0

7.8

B.B
17.%
1.7
7.

Gurl ey
Paronsity
Sea. f100ce,

225
181
194
195
135

189
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Elmendorf

Tear

G./Shest

In
g2
95
95
93
102

9l

Across
102
107
108
104
106

115

8chopper
Teneile
1b/inch

In

26.0

Across

13.0

13.4
13.2
13.0
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: TARLE VIII
% BFATER EVALUATICH OF SCME OF THE CONVERYTED LOCUST BEAN GUMS
’ One Per cent Addition - Freeness 720.
i Borin size 24; Alum U4, 54,
]
Manner of Basls Caliper . Fer cent Per cent Gurley Elmendorf Schopper
addfng gum Welght Apparent Bursting Strength Increase MIT Increase Thwing Porosity  Tear Tear Tensile
¥ile No. Code o, to pulp . 25x¥0/500 - inch Deneity Points Pte./1004# in Buret Fold  in Fold Formation Sec./100cc. g./sheet Factor 1b/inch
Avernge Blank for dry addition k6.5 0.0043 11.0 24.6 53 - 56 - - 2L BO 1.72 14,8
Average Blanik for cooked addition 4r.2  0.00k3 11,0 26.9 57 “— 73 - - 23 81 1.70 14,1
112133 G19-556 Dry powder 45 L o.00h3 11.0 Lo, 1 26 62.3 271 8L Lk L 1k 65 1.4 19.4
113250 G19-556 Cooked Lg.9  ©.o0Lh4 11.0 I5.1 90 58.0 153 I8N —_— 1 53 1.06 21.7
112134 G30-556 Dry powder L6.3  O.couL 10.5 Lo, 3 87 6h.1 268 379 43.0 13 6l 1.38 12.1
Insugficient sample for cooked addition )
P ,
11314 G131-056 _ Dry powder Lg.z  G,00L3 11.5 33,7 70 32.1 21l 282 - Ly 61 1.26 19.8
113239 G131-556  Cooked 47.0 0.0043 11.0 Lo.3 86 50.9 L51 518 - 26 57 1.21 18.8
113143 G17-573 Dry powder 48,2 G008 11.5 35.1 73 37.8 264 381 - 26 58 1.20 20.3
115241 G17-573 Cooked 48,3 0 Qobh 11.0 k2.0 BT h2.6 uey 5L0 - 25 58 1,20 20.2
113145 G27-573 Dry powder 48.5 0.0043 11.0 31.8 413 24,6 272 18l -- 19 62 1.28 ’ 18.2
113251 G27-513 Cooled 48,9 C.cokh  11.0 L2.7 87 52.6 41s k73 - = 52 1.06 2h.1
Dry
110035 Raw locust bean gum powder U8.3  G.00L3 11.9 L2,1 87 52.6 343 170 L4o.9 18 58 1.20 21.3

.
Kots: All shests were conditioned at 505 Relatlve Humidity snd 73° ¥,

i
i




Project ¥o, Bug
Report FNo. 9
Fage 21

The Frobler of Cold Water Solubility

Microscopic examinations of the behavior of mucilages in the presence
of acids and alkalis have been made. It was observed that strong alkall has
no apparent gwelling or dispersive action on the mucilage cells but strong”
acids cause instantaneous dispersion of the mucilage. Apparently the
membrane surrounding each mucilage cell is of a selective type and 1s perme-
able to acide dut impermeable to alkalie. This phenomenon should be further
investizated. It may possidbly be a type of anomalous osmosis or a Deoanan
equilibrium in which the mucilage 1s acting as a group of negatively charged
micelles within the cell wall which is impermeable to the micelles but perme-
able to the ions of the acid on the outside.

It is now believed that the problem of cold water solubility is not
one of maxing the mucilage soluble, it is one of making the cell wall easily
ruptured or soluble in cold water.

A Discussion of Possible Limitations of the Conversion Methed.

Conversion of mannogalactans in borax solution at room temperature
perhaps cannot be carried out to give products of extremely low wiscosity
such as might be required for high sclids coating work, There seems to
be a general trend that the greater the degree of conversion the higher
the concentration of borax necessary for formation of the insoluble gel.

It seems reasonable to expect that at any definite borax concentration there
would be a degree of conversion beyond which the yileld would decrease ravidly
because of solubllization., This has been noted at low borax concentrations
(0.5-1.04) with products waich have been converted only to s medium extent.
The use ¢f a saturated solution of borax at room temperature (3-5%) will

of course maxe more highly converted products possible. Bul even at 3.5
concentration a limit should be expected. At this point it might be advan-
tageous t¢ convert at a higher temperature where a more concentrated solution
of borax may be obtained: for example, 10.53 at 50° O. This would be an
advantage only on the condition that the increased borax concentration had

a greater effect on inselubilization than the higher temperature hzad on
solubilization, <Conversions of this type would have to be made at 2 fairly
higzh pH since it is believed that lowering the pH of conversion is equivalent
to decreasing the effective borax concentration. This should be more fully
investigated. Fossibly, reactions at higher temperatures would be more ranid
but they might also give a more heterogeneous type of conversion.

The subject of the residual ash corntent of the converted mucileges
may be lwportant in certain applications such as coating. It would be a
definite advantage to remove the ash entirely from the finished product but
no feasibdle method of doing so is known at the present time. A conslderable
amount of the ash can be extracted from the mucilage by suspending for & time
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in water and following by filtration. The ash on one product was lowered
from §.1% to 2.6% by this method without any loss in mannogalactan. This
product was not highly converted and it is to be expected that 2 signifi-
cant loss of carbonydrate would occurr with products of low viscosity,
Further work should be done upon this suvject. One of the noticeable
results of lowering the ash content is that the products dry to an-extremely
hard material which is powdered wita difficulty. These materials do not
disperse quite as well in cold acidulated water as do those which dry to
easily powdered gums.

The Economics of the Conversion.

The present method of converting the mucilage probably is not the
optimam. Much work remains to be done and without doubt this will improve
the procedure from both an economical engle and a more desirable final
product. However, the following rough approximation of the cost of the
materizals for the present conversion will be magde.

For a 1000 pound conversion the following chemicals would be
necessary.

200 1bs. chlorine per $0.0175
300 1bs. borax per $0.021
260 1bs. caustic soda per $0.023

o O

£3.5
$6.30 (Use at least 3 times) = 2.1

n o

Hp
L
[#31 Je 5

Total per 1000 lbs. = 31

Labor and power facilities would depend largely upon the plani conditions.
The borax extraction sclution can be used at least three times, verhaps more,
and when the protein content has been built up it can be recovered by acidifi-
cation. It 1s probable that the final cost of conversion would be under two
cents per pound.

It should be mentioned that the above quantity of chlorine represents
20 per cent on the weight of the mucilage. In making up the sodium nypochlo-
rite solution one half of the chlorine always forms inert chloride ions and is
therefore wasted. From this it is apparent that whatever can be Zone to reduce
the available chlorine necessary for conversion would in reality mean a saving
of twice that quantity of chlorine.

Suggestions for Furthar Work,

The following investigations should be undertaken with guar G4
mucilage.

1. Cptimum method for extraction of protein. These varietles should
"~ Dbe noted:

Borax concentration

Temperature

T™me of extraction

RO op

Addition of sodium carbonate
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e. Yield of mucilage
f. Ease of filtration

2. The behavior of micilage in various concentrations of borax at
roon temperature., (This has-been done for locust bean zum).
Then extend the study to higher temperatures.

3. The behavior of mucilage in verious concentrations of borax at
different vH. (Compare with 2.)

4, Study the conversion of mucilage with sodium hypochlorite at
various pH both at room temperature and then elevated temperatures,

5. Study possibilities of converting over a definite pH range such
as might occur in a normzl conversion reaction.

6. Bveluate the suitable vroducts as tubsizes at concentrations
from 3-8 per cent. Also as coaiinz adhesives.

7. Conversion of larger batches (25 1bs.) by the optimum procedure
for mill trials as tubsize and coating adhesives.

&. Study the effect of conversion upoen the mucilagze cell membrane.

9. Study the effects of swelling agents such as aclds and salts on
mucilagze cell membrane,

10. Study the products recovered from the filtrate of conversion mixture.

11. A study of other alkaline converting agents should be made including
sodiunm peroxide, scdium perborate, hydrogen peroxide, potassium
perzanganate etc,

12. Further attempts should be made to study enzyme conversion of
muclilages,

1. It has been found that aqueous solutions of borax give suitable
media for sodium hypochlorite conversion of maanozalactans.

2. The behavior of mucilages in various concentrations of borax was
studied. It was found that opronounced swelling took place in the
lower concentrations of borax. (0.17 - 1.75%) but the yleld de-
creased appreciably only below 0,34% borax. The ash content in-
creased steadily with borax conceantration.
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13.
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Freliminary conversions in 2.%% borax solution indicated that
certain impurities were present which interfered with the con-
version of the carbohydrate. The principal impurity was found
to be protein.

- The effect -of the protein content of the mucilage on the.con-

verslon reaction was stulied and it was found that the protein
utilized the available chlorine at a more rapid rate than did
the mucilagze. Decreasing the protein content by =zlkaline ex-
traction of the mucilege gave nore efficient conversions,

. The optimum method of extraction of protein has not thus far

been determined but extraction with 2.5% borax and Y% sodium
cerbonste removed more protein than 3% borax alone.

. The protein content of guar G4-2 varied considerably from sample

to sample so most of the subsequent work was done with locust
bean gum.

. The effect of the alkali concentration and pH during conversion

was investigated to a limited extent. It was found that the
reaction proceeded much more rapidly st lower pH (7.2-7.7) than
at pH = 12. Very strong alkall (3§ NaOH) also increased the rate
of reaction.

. The converted locust bean gum mucilages were used as tubsizes

and found to be several times suverior t¢o converted starches.

. Some of the mucilages were svalusted as cold water soluble

beater adhesives. Two of the earlier products were good in this
respect but later products were only mediocre.

It is believed that the probdblem of maxing the micilages cold
water soluble is not one of making the carbohydrate soluble
tut one of making the ¢ell membrane easlly ruptured or soluble
in cold water.

It has been found that strong alkalis 4o not cause appreciable
swelling of the mucilages cells but strong acids cause instant-
aneous disversion.

The possible limitations of the method of converting were discussed.
The degree of conversion may be limited by the solubility of the
converted products in borax solutions of definite concentratien.

It 15 believed that the converted product could be made by the
present method at a cost under two cenis per pound.

An outline of further work was presented.
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REPORT ON THE MUCILAGE FROM ILES MANN%FE
(Also termed Iles Iles; "Hollandial etc.)

A gample of the crude eample marked Hollandia "high viscosity®
was obtained from the colloiéd group, The ground powder was sifted into
boiling water, the mixture heated for 10-15 minutes, cooled, and centrifuged.
The nearly colorless, 8queous dispersion was decanted sharply from the
residue and precipitated by means of ethanocl, The "fidrous" precipitate
was triturated successively with ethenol, acetone, and finelly with ether,
It wae drained off on mercerized broadcloth after each trituration and
squeezed free from solvent, The material was finally air~dried. 4t the
same time smaller amounts of & "flocculent® mucilage were obtained. This
could best be wasgihed in the centrifuge, and this was slgo washed successively
with tke above mentioned sclvents, The mixture of fibtrous and flocculent
material was used in orienting experiments. Leater, a somewhat larger sample
of purified (fibrous) iles mucilage wes lsolated by a2 similar procedure, the
only veriant being omlssion of the acetone trituration., Only alecohol and
etber were used in the dehydration in this case.

The mucilage evidently gives the same type of borax-zel test as
that given by the mannogalactans (e.z. locust bean gum), Physicelly it
alsn resembled the latter, Howaver, it is chemically very different. The
cold gugpension of iles mucilege in water gives & deep blue coloration with
iodine solution, This ig not given by the mannogalactans,

Hydrolysis of the air-dried mucilage with 1% sulfuric acid showed
(from a study of the hydrolysis-time curve) that the hydrolysis was virtually
complete in 12 1/2 hours, Thus, 150 me, of air-dried mucilage (139.7 mg,
sven dry) yielded (by the Munson-Walker Method) 1lUl mes, reducing sugars
(celculated as glucose) after 12 1/2 hours,

The neutralized hydrolvzate contained mannose (identified =s the
prenyliydrazone, m,p, 194.5-195,5° uncom.). The filtrste from a quangitative
mennoge determination on neating, yielded & voluminous precipitate of phenyl-
Fiucosazone, o 207—2080 uncar. )., When hydrolyzed for very brief periods with
HCl, the iles mucilage failed to respond to the Seliwanoff test for d-fructose,
whereas under identicel conditisns inulin gave a characteristic deep red pigment,
soluble in amyl alcohol. Evidently fructosans are absent from the iles gum.
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Another 500 mg. sample of the iles mucilage was hydrolyzed with
25 N0, for several hours, and then carried through the mucic ecid determina-
tion for galactose, At the end of two days in the refrigerator, the ENO
acid solution showed only & faint cloudinegs, out no weighable precipitaée
was obtained, This indicates the absence of galactose and gelacturonic acid
in more than tracee, The absencs of gelactose wap confirmed by quantitative
differentinl fermentatinns of the neutralized iles (E SOM) hydrolyzate,
When the hydrolyzate corresponding to 100 mg, of air—gried mucilage was
fermented by orgenism (¥,R,R.L.) No, 379, the Munson-Walker reducing value
was 36,2 mg, Cu,0. VWhen fermented with organism {¥.,R,R,L.) No, 966 in &
perallel experiment, the firal reducing value was 35.8 mg. Cu,0. These
velues are identical (withir the experimental error), &nd clegrly indicate

the absence of galactose,

A proximate summative snalysis of the mucilage (o0,4,) follows:

% an-ydromannose L%
% snhydroglucose {calculated from Munson-
Walker reducing values)
% uronic anhydride
4 pentosans (uncorrected for hexosans or
uronic anhydride)
4 ash

=

&
RR

[ N
»

W~y
O
[ ENTLN

The above values for anhydroglucose and pentosang ere ziven with
regervations, but it is spperent that the mucilage containg largely mannosge
end glucose groups, How these exist in the mucilege is probvlematical, Thse
glucose may emanate from starch or from B true mannoglucen or, pessibly, from
a mixture of aither type of polymer,

e,

s

lew/ac
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INTRODUCTION

The ultimate goal in conversion of manno galactan mucilazes is
to meke a merketable product which has been converted to the desired degree
‘before shipment. Progress along this line is being made but the variables
heve not been sufficiently worked out to permit large-scale conversions.
In the meantime, the coopersting paper mills are receiving Gi-2 mucilage
in order to evaluate it prior to the time of the new planting of Guar seed.
Some o these mills will perhaps want to evaluate the Gl-2 in coating colors
and as a tub-sizing adhesive. Therefore, these experiments were made to
investigzate the possibility of converting small amounts in the psper mill
for experimental purposes. Several experimental varisbles were investigated.
Inasmuch e8 a commercial GU-2 wzs not availeble when these experiments were
Initisted, two other menno galactans were used to study the essential
features of the method of conversion, these were locust bean gum and honey
locust besn gum.

Attempts were made to study another point in connection with'
conversion. It should be reczlled that under certain conditions, conversions
in which certain other substences are concomitantly oxidized with the prin-
cival carbohydrate give a superior type of converted adhesive. This was
mentioned in Feport 5 where a dichromate converted locust besn gum made in
the presence of oxalic acid zave much higher stremgth qualities than other
types of conversions. Some experiments of this type were atterpted with
hypochlorite oxidation.

EXPERIVENTAL
, GENERAL CONVERSION PECCEIURE
20 g. Manno galactan gum
\V{/ 83.4 ml, of 2.5% Zleach liquor

297 nl. of water

The water and bleach lisuor were mixed in a three neck flask
fitted with a steam injector, stirrer, and thermometer. The gum was then

R ¥
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- added carefully with stirring and the mixture heated with steem to 50° C.
in 5 minutes and held at this tempersture for 30-35 minutes. The mixture
became very thick and graduslly tkinned out. The converted vroduct was
then cooked by raising the temperatire to 90° C. during 20 minutes and
holding there for 5 minutes. It was then diluted to 2% gum solids, the
“relativé viscosity determined at 309 C.-and-if found to-be suitoble it
was used as a tubsize at 50° C.

Lesser quentities of bleach liouor were used for some experiments.
In these cases the volume of licuid medium was maintained constant by
varistion of the volume of water zdded. There were also variations in the
acidity and alkalinity during conversion. Thege charescteristics were
brought about by the addition of verious auantities of acid or alkali,

Several experiments were made with sodium hypochlorite solution
in rlace of bleach licuor. The procedure in this case wes essentially the
same,

RESULTS AND DISCUSSION

The conversion varisbles and resultsnt viscosities are summarized
in Teble I. The tub-size chsracteristics are in Table II and handsheet
dete of GR7-53%0, G99-530, and G100-1~FK30 are in Teble III.

The honey locust bean conversians with calcium hyvechlorite solu-
tion may be summerized by saying that it aprears thet the lower the degree
of conversion, the better the strength rroverties. Any a2lteration in pre-
cedure which gave a lower relztive viscosity sesmed to give 2z product of
lower strensth. On the other hand, it appears that perhaps the converting
azent itself was to bleme. It is evident that the locust beesn conversion
made wvith calcium hypochlorite 21so gave low stirength values es tub sizes.
Honey locust besr gum cornverted more easily with calelum hyrcochlorite than
did locust bezn gum., The explenation of this difference mey lie in the
method of vrepsration of the mucilaze. The locust beeon gum is essentially
neutral and contains a considerable amount of protein. The honey locust
Dean gum was strongly alkaline and it is provable that mest of the protein
had been extracted under trese conditions. It has been found in another
series of experiments that residusl protein in mucilsges is oxidized much
more Trapidly than the manno galactan., In muclilages which contained con-
stderable amounts of protein, a much greater quantity of cnlorine wes
necessary to convert to =2 definite visensity. A preliminsry alkaline
extraction of these mucilages markedly decreased the smount of chlorine
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necessary to attain a2 given viscosity. The greater difficully of conversion
of locust bean gum may probably be extlained on this basis, The addition

of enough acid to bring the pH to about 5-6 gave 2 more efficient conversion
of locust bean gum but the product did not possess very good strength auslity.

ST 7T T TTTTT 77 The addition of methyl alcohol to the chlorination mixture as a
product undergoing concomitant oxidation gave a product of poor strength
quality but oxslic acid under these condltions inecressed the strength of

product somewhat.

The use of sodium hycochlorite instead of calcium hypochlorite
gave products possessing better strength qualities on the whole. Yéutral
media mede Dy adjusting with hydrochloric and oxalie acide gazve more ravid
and more efficient conversions as shown by viscosity data. Conversions of
locust bean gum with sodium hypochlorite at room temperature gave products
vhich compared well with those made 2t 50° C.

In conclusion, 1t appears that a reascnably fluid converted
locust bean gum can be made by converting with 10% of aveilable chlorine
in the form of sodium hypochlorite in a medium made about neutral withk
hydroctloric or oxalic acid.

jws fomf
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CONVERSION CF LOCUST BEAN GUM BY MZANS
OF HEYPOCHLORITE SQOLUTIONS

Intreduction

The conversion of mannogalactans mist be accomplished in
a somevwhat different manner than that used for starch since the
micilages are soluble in cold water and hydrete much more rapidly.
It is necessary to use a conversion medium in which hydration of
the mucilage will be held at a definite minimum, Certain alcohols,
ethers and other organic solvents may serve as suitable conversion
media but a further regquirement--non-resctivity with the converting
agent--mist be recognized. This factor eliminates the possible use.
of many of the alcchols, esters and xetones since they react with
bypochiorites. Tertiary alcohols, ethers and certain chlorinated
solvents might be found suitable., The experiments of this report
were conducted in tertiary butyl alcohol and butyl ether. These
substances are, relatively speaking, non-reactive with hypochlorite
solutione and served quite well as reaction media. Subsequent to
these and other experiments %o be reported, it has been found that
hypochlorite conversion of mannogalactans can be carried out in
aqueous borax sclutions, These experiments will be reported in the
near future,

FXPERIMENTAL:

Conversion of the G 113-506 Series of Locust Bean Gums .

Ten grems of locust bean zum were placed in a 250 ml, glass
stoprered flast and a mixture of 10-U5 ml. of a coumercial scdium
nyovochlorite solution (5-22% available chlorine on zum) and 05 ml, of
t-butyl alcohol were added with vigorous siaxing. The flasks were
stoppered and allowed to stand 2% room temverature for twenty-two
hours, The gums were then filtered off, washed with absolute
alcohol and air dried. Those samples containing larger zmounts of
sodium hypochlorite were somewhat more hizhly hydrated becsuse of
the increase in aqueous phase., All samples possessed some unused
availabvle chlorine. ‘

THE INSTITUTE OF PAPER CHEMISTRY
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Conversion of the G 132-506 Series of Locust 2ean Gums

This series of gums was converted with calcium bage bleach
liquor possessing 5.8% available chlorine. Twenty grame of locust
bean gum were placed in four flasks and then temporery emulsions of
130 ml. of t-butyl alconol.and 10-L0 ml, of bleach liguor and water -
were added with vigorous shaking, The amount of water mixed with the
bleach liguor depended upon the quantity of available chlorine desired
in the semnle. Thus, the first sample contained Y0 ml. of bleach
liguor and no adiitioral water, the second contained 30 ml. of bleach
liguor and 10 ml. of water, the third sammle 20 ml. of bleach and 20 ml.
of water, etc,, thereby keeping the totsl amount of agqueous phase and
thus the degree of hydration the same in eacn case, After mixing the
flasks were stoprered and allowed to stand at room temperature for
16 hours, Considerable swelling took place in all szmples and a yellow
color wes present which increased with chlorine content. The butyl
alcohol was decanted off on a funnel end gum mixed wita 95% ethyl
aleonol, filtered, washed with alconol and air Zried,

Conversion of G 15L-506 Series of Locust Bean Sums

Twenty grams of locust bean gum wers placed in a flask and
then an exulsion of 20 or L0 ml, of sodium hypochlorite (5.3% avail-
able chlorine) and 120 ml. of dhtyl ether was poured onto the gum with
ghalking, The emlsion wes stabilized to some externt, temporarily, by
two drops of soap solution. After 16 hours the producis were filtered
off and washed with ether, The one containing 4G ml, of sodium hypo-
chlorite was more highly awollen and it was necessary to rartially
denydrate 1t with 95% alconol before air drying.

Conversion of G 80-530 Series of Locust Bean Gums

Tnie series of gums combined some of the better parts of
previous procedures and a more complete study was made of the products.
The chlorine content was held constant in this series and the degree
of alkalinity of the sodium hypochlorite solution was varied,

¢ 80.1-530

Forty grams of locust bean gum were slded to a mixture of
51.2ml, of Na0OCl (7,6% Cl, end 3,4 N in NaCH), 62.2 ml. of water and
250 ml.-of buiyl ether, After vigorous stirring the mixture was
allowed to stand at room temperaturs.
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G 31-2-530

This product was similar to the atove with the exception
thagt 31.1 ml, of water and 21,1 ml, of 0.958 K HCl were used to
rediuce the alkalinity, In this case one-half of trhe excess NaOH was
neutralized.” "Cther reazents were the same, o

6 £1-3-530

Ingredients for his conversion differed only in that 62.2
mi, of 0.958 N HCl were added instead of water. This amourt of acid
neutrzlized all NalH in excess of itre ratlo necessary for stahilization
of the NaGCl, This product was white whereas the previsus products
were a distinet orange color,

After standing overnight at room temperature the vroducts
were filtered off, dehydrated with a small arount of alcohol and eir
dried,

The relative cold water solubrility of the tnree converted guams
shove was determined as follows;

One gram semples of the air dried gumg were stirred gently
in a beaker with 100 ml, of distilled waster for exactly 10 minutes.
The undissolved part was then centrigued off and an aliquot of the
suvernatant licuor weighed out and evaporated to Z2ryness. The re-
suke are given in Table I.

Determinations of other pronerties of the converted gums
were mzde according to orocedures explaineld in nrevisus rensrts, The
Reducing Value was determined by tzne method of Farley and Rixon, "Ind.
Eng, Chem. Angl. Z.", 13, 515 (13%t1), '

Results and Discuecion

The converted gums were evaluasted both in the beater by dry
addition and as tubsizes ai one per cent concentration and 50° C, The
relative viscosities, moistures and reducing values were determined for
nost of the gums. The data are presented in Tadblee I, II, and III,



Code No.

G

G
G
G

2 9 Q

119-1-506

119-2-.506
119-3.506
119-)1-506
132-1-506
132.2-506
132-3-506
132-4.506

154-1.506
154-2-506

80-1-530

81-2-5130

81-3-510

Converting
Agent

Commerelal
Ha0OC1

"
n
H

Calcium

Bleach

liguor
1

NalCl
"

Strong alka-

line NaOCl

Mildly alka-~

line NaOCl
Neutral
NaOCl

" Per Cent

Chlorine
on fum

10,0

10,0

10.0

" TABLE I

A SUMMARY OF CONVERTING CONDI'CIONS AND

PROPERTIES OF THE CONVERTED GUMS

t-butyl
alcohol
1]

H

Time
. of
Converting Conversion

Medium Hours

22
22
22
22

16
16
16
16

16
16
16

16
16

Mot sture

B.U

Ash
ol

2

10.7

8.7

7.85

1

Project No, 84g
Report No. 7

Page 4
. Relaéive Relative
Reducing Viscosity Solubility
Value at 1% and 1in water
mgeu/ g 309 ¢.  at 220 ¢.
- Bl i -
- 6.14 -
- 2.6 -
- 1.67 -
10.7 84,0 -
8.92 67.9 -
8.65 68,2 -
12,0 15,0 -
62.6 1.51 -
28.3 8.04 -
78.% 2.1h4 5.2
59.2 2.75 62.3
43‘1 _55'7




File No.
110974

1105875
110976
110977
110978

110924
116925

- 11050k

110905
116906
110907
110908

111226
111227

111228
111229

Converted
Gum Used

Blank

6 119-1-506
G 119-2.506
G 119-3-506
G 119-b-506

G 154-1-506
G 15L-2.4086
Blank

G-137-1-506
G 132-2-506
G 137-3-506
¢ 132-ho506
Blank

G 80-1-530

¢ 8L-2-5%0
@ 81-3-530

Relative
Appearance
of Stoined

Sheet

no specks

nAny specks

a few apecke
ver few Bpecks
noe snecks

no specke
a few mpecks
no spacks

a few specks

g few specks
meny apecks
very many fpeck
no spacks

very few 8pecks

very few spacks
many specks

TABLE 1r

1
t

HANDSHEET CHAKAGTBRISTICS LF THE HYPOCHLORITR COLVEATED GUMS AT 1% DRY ADDITION TO BRATER
PULP GONSISTENCY DURING BEATING  ABOUT 1.6%; FREENESS 720

Per Cent
Chlorine
Uned in

Basic
Weight

Caliper Apparent

Converting 25x40/500 Inch

8

47y

L7.6
L7.8
5.6
L1.6

g, 3
7.9
17,6

LS

ug, 2
47,5
L7.1

ug, 2

0,004

0.0043
0.00u3
0,004y
0.0Gh2

0O.0nkY
<O,0nuz
0.00L3

0.00U3
0.00uL
n.0042
0.nou3
0.0043%
0.00u6

0,00h2
0,003

11.0

11.0
11.0
11.0
11.5

1.0
1.5
11.0

11.G
11.0

1.5

1L.0
1.0
11.0

11.5
11.0

Density iointe Fte/l004

Bursting

Strength

(Mulien)
23.7 57
9.1 82
M7 14
¥.2 i
LIPS
1.y (6
3.0 o9
2Y.8 63
3.4 82
12K 50
ATl 78
3.7 &9
26.1 5l
35.8 7
35.2 Tl
37.8 4

]
!

i Per Gent
' Increane

In Buret

LSRN —
N
| oK

MiT
Fold

L3

163
233
210
137

T4
1§
&

364
2uy
196
114

62

Fer Cent
Incrense
in Fold

126
Yo
L35
216

12.

- 23

355
209
1y
118

pUT-S

252
380

Thwing .
Foruation

k7.l

L7.5
9. b
47.9
U6.2

L1.8
hg,1
ul,y

49,0
hs.5
us.2
ha,0
50.0
Lg.g

S0
50.3

1

.

!

Foroepty
sec/100 cc,

i

., 12
12
14
1

7
11
10

10
12
't
9
T

i1t

Elnepdorf
Tear
g./sheet
8%

65
07
6B
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TABL 111 l
TUBSIZE CHARACTFRISTICS GF THY HYPOCHLORITE CONVERTED GUMS AT 1% CONCENTRATIGN AND 50% G,
100% B gmock
1
Chlorine Relative Far Cent , Per Cent ' Elmendorf
Conc. Viscoeity Basic Burating Increase Increass Ink Pick Tenr Tenslle Stretceh
Converted 4 on I‘é‘ﬁé Welght Celiper Strength in S 1.P, Fold Fold Penetration Teat = g./ehaet 1hftnch » Forosity

File Bo. Gun Yged Gum 307 €. 17x22/500 .inch  Pointe Pts/1004 Burst “n Across In  Acraose Wire Felt Wire Folt In Across In Acroes In Across sec/100cc,
Average  Blank - - 8.9 0.0031 0.6 162 - 235 66 - - 2z 24 164 164 90 100 26.0 12.0 2,6 O.R 240
111068 G 114-1-506 5.0 "Ly 19,1  0.00Lo 19,1 205 . 26,5 Wl 83 56.2  25.E op 2L 18A 16A B9 02 29.L 13.8 1.6 4.0 245
111069 6 119-2.506  10.0 6.1L 15,1 0,003 W5 g1z 0.9 | Lel. 91 8Os 379 a1 20 20A 16A BB 100 29.0 13.7 3.6 #.3 <10
111970 G 119—{%_5_06 15,0 2.61 19.1  0,001% N0 201 24,1 05 95 29,2 b4.0 i9 20 164 16A 92 102 28.2 1%.5 3.7 %6 190
111071 & 115.0-506 2.0 1.67 19.1  ©.00 36.8 193 19,3 i yh ap o3k 39.L 20 24 164 16 94 107 28.2 134 36w 176
111058 6 132-1-606  11.6 .0 19.2  0.0040  37.8 197 21.6 Cu3 %0 sha k17 23 16A 13A Yl 167 29.1 13.2 1.6  #.t ik
111659 6 132.2-506 8.7 53.9 19.1 0,004 b/ 101 17.9 w77 0.2 16.7 23 25 164 1 97 10M 28,3 12.9 3.8 3,2 &g
111060 @ 132_&:506 5.8 65,2 19,0 00040 35,6 193 19.1 2 B2 W,1 o oen,2 23 25 16A 1% 92 103 24,9 13.0 3.5  £.5 a3l
111061 G 132-L.508 2.4 145,0 19.0  ©,00uD 6.8 19% 19.8 w1 E6 108 30.3 15 18 164 1HA 98 105 28,0 12.,# 7R 8.1 ouy
111056 G 154-1-506 10.% 1.51 19,2  0.0040 37.9 197 21,6 . - L, 22,72 13,2 1,5 B.1 154

) 5 c . . "9 . 2100 U,z 1. 19 20 164 1lha 93 97 o=, X2 T.p .
111055 @ 1542506 5.2 B.OM  19.0 0.0040 I8, 203 25.3 %5 109 1.1 253 21 24 184 1k 90 100 29.0 13,1 3.6 4.3 218
111201 G B0-1.530 10.0 2.1k 19.4  ©.0018 37.3 192 18,5 259 g9 23.0 3.9 29 b3 1BA 1hA 96 106 28,4 13,2 3.9 2.2 180
L1203 & 81-2-530 10.0 2.15 1%.32 0.003% 38,4 199 22.8 416 108 7.1 B3.7 27 O 1EA 16A 97 102 29.0 132 .6 5.0 193
111205 8 8l-3-530 10.0 331 19.2 "0.0039 8.3 199 ar.s Ml gy 8.1 Lz.b 4 - 51 16A 164 93 103 23.0 1%.B 3,8 8.8 235




Fraject NWo. 819
2epoart Yao. 7

Faze 7

=

i

"
1

Conversion Conditions

1% appears from the data of Table I that sodium amd
caleium nypochlorite guite readily attack the.carbohydrate chsins
.andé cause conversion, The s>dium hypochlorite gave a greater degree
of conversion per amount of availsble chlorine than d4ié calcium
hymochlorite., This is shown Y the relative viscosity and reducing
values under the two conditions. It should be pointed out however
that the degree of hydration varied in tie & 119-506.gseries of gums
since tne amount of aqueous phase was increased with increasing
arounts of chlorine. In the G 132-506 series the amount of aaqueous
phase wes neld constant, In the last series (G 30-530 to G %1-730)

ne aguedus vhase and amount of chlorine were held the same and the
alzalinity of the mixture was varied by addition of definite am>unts
of acid., These experiments showed that strongly alkaline sodium
bypochlorite was more efficient as a converting agent than weaxly
alzaline or neuiral hyvochlorite, This is shown by the reducing
velues and reletive viscosities of the products and, more signifi-
cantly, by the relative cold water solubility. The latter oroveriy
showed that as the degree of alkalinity increased the coléd water
solubility increased Thus, the most highly alkaline medium gave

a vroduct 75,2% soludle in ‘en minutes, whereas, the neutral
medium gave & product only 55.7% solutle in the same tine.

Eveluation of the Convertad Products in the Beater

The products-were adied to the beater ag a dry povder
and thus strength improvements were dependent upon two factsrs
(1) the actual amount of the gum which disselved during the tesiing
procedure and (2) the intrinsic adresive gtrength of the dissolved
gum, Tre first factor was meazsured relatively by staining the
handsheet to determine the amount of uniisversed gum, The second
factor was neasured ty the strength characteristice of tre hand-
sneei. Tae data of Tatle II a:pear to supvort the following
statements:
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i1, The use of sodium nypocalorite as the converting
agent gave series of gums (G 119-506, G 154506 and
G 80-31.530) which showed the best strength charac-
teristics with the products of lowest degree of
conversion in spite of the fact that these gums were

.- . .. not dispersed to.as great an extent.as the more .. . .. ...
hiznly converted vroducts of the series.

2. The use of calctum hypochlorite as the converting
agent gave products (Seriee G 132-506) which showed
increased evidence of strength with the increase in
degree of conversion,

The appareat contrasts between the two converting sgents
cannot be fully explained at opresent but it shoull be pointed out
that the series of zums converted with cz=lcium hynochlorite shaow
much legs Civergence of chemical and nhnysical proverties then do
the sodium hyvochlorite conversed sums (See Table I).

Evaluation of the Converted Products as Tabsizes

Trende, similar to those mentioned above under beater evalua-
tion, are 2130 noticesble when the product: were uszd 29 tubsires,
dowever, there seers to be less conbtrast betwesn the two converting
agents,

The strength values principally burst and folld, are not
varticularly aigh in the sense of the ultimate strength which can be
achieved with a 100§ rag stock. t, when it is realized that only
a 1% tubeize solution was used with a very high roll-.nip nressure
these veluies may spoear to be rather excentional esnecially when
comnared with starch.

Further Worz:

This work has clearly demonstrated that locust bean gum can
be converted by means of hypochlorite sslutions, The use of organic
solvents as reaction media would not be a serious zandicap since they
could be recovered, However, further work on convereion by this par-
ticular .method has not been planned for the near future because a
somewhat more promising agueous method of conversion has been devised.

Jws/he
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SCIME PRELIMINARY ZXPIRIMENTS ON INZYMES CONVIRSION

0F LOCUST 33L&y GUM,

Introduction:

Paper mills whizh now enzyme convert their own starches for
tub and calender sizing wrobtadly would desire to do the same thinz with
the mucilages when they become generally available, Therefore, it
seemes desiravle to have some informetion oz enzyme conversisn of menno-
zzalactan mcilages, This rewort is concerned with seversl attemnts to
utilize commercial starch converiing enzymes for conversion of locust
bean gum and the demonstration of the possibility of conversion by means
of an enzyme mixture obtained from sprouted Guar seed, The worx with
the commercial enzymes was done by Mr, Froamuller and is included in this
resort in order to give & complete picture of the work to date.

Tre Literature:

A survey of the llterature disclosed that some worx has been
ione 4n the action of enzymes uvon certalr mucilages of the mannszalactan
tyve. None of this work was écne with commcn commercial enzymes dut it
zave certain leads which have vrovsad aeloful.

Tacliani (Y4) states that malt extracis and arimal "ferments*
ceused no renid decommosition of 1lacust bean sun solutiscns but awsa
standing several days a sradusl alteration in Lomogeneity was opgerved
which be belleved indicated that 2 nartial zctivetion ¢f a proencyme
bed taxen nplace,

Yarrer (2) mentions that the eazyme from Felix vomasis fa
species of snail) hydrolyzes the carbohydrate 0f the lazust bean 42
mannose snd galactose, Alss mannan splittlianz enzyres may be found in
aurersus vlaats such as 1o6¢uast btesn zum, the sez2dés of Indige, Lucern,
Klee, many leguninosae, dates, orchids, and certain molds.

\;4 .

Abdertalden (1) states that the mAnnoszalacions preseat in numeroms nlants
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reserve materials and are produced by the enzymes of these
nlsnte which are summarlced as Seminase, These encymes may also D2 found
he mcld “ungl (As»erzillns nizer ané Asmerzillus fuscus) and in darley

serve 2s
o

in ¢
malt, XonjJaz mannan and a mannosgalactan containinz mueilacge frex Hydraneaea
paniculata are dissolved and hydrolyzed by Bacterium mesentericus wulsatus,

Wakxsman and Davison (5) state that seminase converts mennogelactans
%o mannosse snd galacicse, The eoptimal temperature of this enzyme
(mixture) is 35-10° O, 2nd the optimal reactinn tekes place in weaxly
acidic medla, It is formed abundantly by various plants such as lezum
inosae, barley, rye, and orchids., Also meationed was a closely reiasted
enzyme called Carudinase which dizest the polysaccharide of Ceratonia
siliqua (locust bean gum) and produces d-mannose and a small amount of

galactosa.

Lev and Gortner (3) found that Zmulsia and Saliva hed no effect
upon locust bean gzum sols but Takadiastase caused an sopreciadle hydrolysis
upoz ‘standing overnight. The product vossessed 87% of the theoretical
reducing value but only 1.21% of the mannose had beea hydrolyzed off., XNo
definite conclusions were made since the constituents of the Tacadiastase
were unknown,

Results and Discussion:

Conversion of Locust Bean Gum with Commer01al Starch
Bnzymes,

Attempts to convert locust bean zum with commercial enzymes
such as Tacadiastase, Clarase, Enzyme 1275 (Takamine) snd Disstafor L
were unsuccessful. Mr., Prommuller stated that he belleved some conversisn
had texten place with Clarase and Tekadiastase under acidic conditisns
but, in view of the relatively large amounts of EC1 oresent (oH = 1-2.0)
during the conoxing procedure there is 1little doubt that the reduction in
viscosity wes orimarily the effect of acidic and not enzymic hydrolysis.
Furthermore, when a higher pE was nresent (pH = %.5) very little reduction
in viscesity was noted. Therefore, it is believed theat the sheets
tubsized by ¥r. Froamaller with Clarase and Taxadiastase convertsd loscust
bean gum {Table I} in reality reoresent sheets tuvsized with acid con-
verted products, It eppears reasonable to assume from this worx that
starch saccharifying enzymes do not readily attack mannogalactans under
the conditions used in these experiments,
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Conversion of Locust Bean Gum with an Extract of
Sorouted Guar Seed.

Enzymes mentionsd in the literature survey of this revort
_ané.other hemicellulasses, cytases etc.. were not obtainadle from-the. .
Takamine Enzyme Lavoratories. It was decided, therefore, that verhabs
a sultable enzyme mixture could be obtained from some of the manno-
galactan coantaining seeds. Several spefies of seed were sprouted (Guar
Cyamopsis tetragonolola; Flame tree Delorie regla; and Tara {aesalpiaia
spinosa). The Guar seed appeared to be the most promising from the stand-
ooint of ranidity of sprouting and these were dried and extracted es
exnlained in the experimental gectlion of this revort.

The extract was flrst shown to contain actlve enzymes by test
tubez exneriments with cooked locust bean gum. A comparison at various
intervals of the relative viscositles of zum solutions with end without
the extract showed that a very rapid hydrolysis occurred in the presence
of tke extract, Followinz this experiment a larger cuantity of ~um
was converted with the extract and used as a tubsize, See G51-530 in
Table I, Turther exmeriments with the enzyme extract nave shown that
preliminary dispersion of the lacust been zum at 65° £, and coolinz to
35-40° C, enables the enzymes to act upon the mucilaze mich more rapidiy.
One further nroduct was used as a tubsize and the data are in Teble I,
See G75-2-530. A comparisson of the tubsize characteristics of these
aroducts shows that the one with the hizher relative viscosity (uol-ﬁXO)
was better in most respects than the vproduct with the lower viscosity,

Attemots to fractlonate the extract by alcohsl vrecipitation
and thereby concentrate the enzymes have so far met with only vartial
success. A product was obtalned which possessed some enzyme activity but
the reaction was considerably slower than with the orizinal extract. This
product redispersed in water only with difficulty which may partielly
account for the slower action but it is well known that contect with
dehydrating azents such as acetone and slcohol seriously imeirs ik2
activity of certain tyves of enzymes, This may well be on2 of Lhose
enzymes,

Turther work with this enzyme mixtare migut involve the followinz:

1. Attemmts to concentrates the enszyme by the following methods:

2. Vacuum distiliation of the weter
. b. Precivitation of the enzyme by salts such
as ammonium sulfate followed by redispersisn
end electrodialysis.




¢. Afsorption of the enzymes from sclution by
starch or some other apnrapriate adsorbant.

2. A stuiy of the concentrated products including, ovtimal
concentratisn of enzyme and pE of conversion.

{Table I, See page %)

Txnerimental:

Attemnted Conversions of Locust 3ean Gum wlth Tazadiestase.

x*
513-1-530

200 g, water
10 2. gun
0.1 g. Takadlastase {Farx Davis).

The mcilaze and enzyme were mixed and then added to the watler
with stirrinz. Stear was thea injected and the temnersbure was maintained
at 4¢° C. for 20 minutes, end at 60° C. for 20 minutes. Then the tempere-
ture was raised to 350 C. in 2 minutes 2né maintsined for 3 mlnutes. At
go° £. same thinnlng was noticed but 1t was not sufficient to warrant
use of the final mixture as & tubsize.

318-2-530

——

Tnis conversion was similar to G13-1-5350 with the exceostion
that 300 ml. o7 water were useé and that after the 20 minute perinid at
50° C., one =, of cone. hrirochloric ecid was méded, The termmerasture
was tren raised to 950 2, in 17 minutes ea? held for 3 minutes, The
relative viscosity was measured at 300 S. ené 2.5% concentration and found
to te 2.3, The addition of the acii zave a mixture of very low »E and
it is vrotable that this mixture was acid aydrolyzeld rether then enzyme
hydrolyred,

G19-5%0

. This conversion was timiler to the above 312-2-530 mixture with
the exceotioan that one dron of concentrated hydrocklisric acid was

® m 3
The number refers to page, nosition and noteboolr rumber,
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TUB SIZE CHARACTERISTICS OF THE EWZT! & COJVENTLD

Buretlng

PH of Relative Strensth
Gun used Gum sol,.Viecoslty Brels (itulten)
rnd Durinyg of s Weixht Caliner Ptu.nar
Enzyme Cool st 305,20%C. 1707/506 -lnch Pts. 100 1D,
Blank 1£.9 £L.0032 30.5 162
GU2-510 (Clarsse 1-2.0 B 19,4 - 37.7 193
Gol-530 (Sner) 7.0 11.7 16.2 0.0038 ko.1 n0v
G70="-R30 (fuar 7.0 8.7 19,1 0.0039 36,0 207
Klank for 110887 2.0 0.0080 P85 117
G1¥=2-51C 1-2.0 3.3(2.8%) 2.5 0.0ulz 31,2 1hy
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added at the beginning. The viscogity éid not decrease very rapidly and et the
end of the 20 minute heeting at 60 C. four drows of ¢one, hydrachleorie

acid were added, The mixture was then heated to QS C. as before. At

2.4% gum concentration the mixture wes very viscous end unsuitabdble for

tubtsiziag purposes,

G34-1-530

25 g. Locust bean gun
475 g. water
0.25 5. Teka dlastese

. The zum and water were mixed 1n the cooxer and the enzyme was
adied. The temperature wes raised to 40> ¢. and then %o 517 ¢, durinsz
2 30 minute verled. After relsing the temperature to 05o during 10
minutes and hnlding there for 195 minutes no thinning out was noticed,
The temperature was tren ralsecd to 95° ¢. and helé there for several
minutes but no thinning ocourred.

G34—2-530

This coaversion was similar to G34-1-530 28 to constituentis
but no immediate heating was anplied, The nixture wes stirred for about
one=ralf hour and thea allowed to sitzaad at room temperature overniznt,
The temperature was raised to 4g° ¢. a2nd held for 20 minuteg, then %5
60° ¢. in 15 minutes and held for 15 minutes and then to 90 &, in 13
minutes and held for 15 minutes. It was thea noted that the solution

was very viscons and unguitable for tubsiziag purvoses,

An Attemnted Conversion of Locust Bean Sum with Clarase
v x
Snzyme,

250 g. water (tap)

10 2. gun
0,1 g, Clarase ensyme
2.4 g, cone. HC1 (372)

The water was adjusted to pH of 4,5 with ail, =01 and the aum
and enzyme mixed in. Thea the temperature was maintained at 40° ¢. for




30 minutes, raised to 60° . i 10 mizutes and held at 50% 2. for 20
mimites, Thne acid was then aided and the temmerature raiseu to 907 C,

in 10 minutes and held there for 30 minutes. A% 30° C. & repld decreass
in visaosity was noted and the mixture becane aouite fluid. The »E being
very low was adjusted to 5 with dilute raC? and then the mixture was used
as » tubsize at 2% concentration and “O 5. on a sulfite bond stock,

The results zre in Table I. It is delieved that this product was essen-

tially acid converted rather than enzyme converted,

Znzyme Acid Conversion of Locust Bean Gum with Enzyme 1275.

L3.530
250 g, water
10 g, zum
0.1 g. Enzyme 1275 (Tazamine)

Te adove oconstituents were mixed after adjusting the pi of
er to 4.5, HNo ansreicadle coaversinn took place daring 30 minutes
4c® ¢, and 30 minutes at 50° C. The gzel was then cooled to 30° C
3.9 2, of Znzyme 1275 1in 25 ml. water were added and the H*x‘ure

¢ to stand overnight. Then the tezperature was raised tc 50° o
for one hour, and then rzlsed to ©F° £, fsr 20 minutes, A 8lizh
g in viscosity was eviient,

-
-
"

An Attemnted Conversisn of Locust 3ean Zum with Disstsfer L
Ingzyne,

G43-1-530

at

-
=]
o
i
O
o
4
[77]

. o conversion took place with tnis enzyme
1% enzyre concestration,

571-1-530

An pttexopt to convert locush been zum and a Guar mucllaze
3 R~-22003 with large dusntities of preciniieted Taza diastase caused
some reduction in the viscosity., The relstive viscosities at 2% and

30% C: were 3% and U5 respectively.
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Preparaticn of an Inzyme Mixture fro:n Surouted Jusr 3ee

Five grems of Guar seed (Cyamonsis tetrazonolola) were rmoisiened
in 2 ervetellizing dish with 2 wet puls mixture contsining o few drios
27 toluene, The dish was covered znd nlaczed in an oven =zt 400 . for
tiree frys, The sprouted sesds were tnen air dried under an elentric
frnort roax temmerature. The dried seeds were nlacad in 2 morier with

a szall amcint of send and water ané zround 4o a Fine mixture, More water

125 #dded from time to tire 2nd filtared off on a fritted slass crucibvle.
‘re Insoluble meterial was washes tl roughly aud the filtrate (30 ml.)
78 placed in a test tube. Further bdatches of sorouted seed were

treated sizmilariy,

L

£ 1

corversion of Locust 3ean Gum witn “he Tnzyme Mixture Iaclased
from 3uar Seed, (Test tuoe Zxnerirent;

A 0,4% desrversisn of locust 2ean sum was made and cosled to
room termerature, Ten ml, samples of this sslution were added to each
of twy tess tuber. To the first tube 5 21, of distilled weter were
added; to tnhe second T ml, of ‘ne enzyme uixture, Icmediately 10 ml.
of {hese mlixtures were placed iz sejarate visconsters and the viscosity
Ceterinined, The follovinz valuss wers obvtained.

Tabe Fo. 1 gun efier 3 minutes Rv = T.71
- e - . - Ty,
Taie Yo, 1 L zur aftor svernizht v = 5,8k
Tude 72, 2 gum and Incyue sfter I minutes Iv = 1,37
Tute Mo, 2 gum z2adé ITasyme afler overzigat Av = 1.09

conversion of Locust Zagn 3um with the Imeyae Wixture Jhtaizel
Ir3a Snrouted Guar Seed.

Gol-530
20 =z, gunm
755 1. water

The water and zum were rixed ané Leated %o gnd allowed
to cool %o 550 . with scoessional stirring, Then 23 ml. o e liguiéd
enzyne mixture from sorouted Guar seed were sided ané thorsushly stirred
intn the mixture, After allowinz tc stand with sccas 1 T
four hours at 30—3,0 C. stearm wzs injtected at such & rete that the
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raised to ak® 2, in 17 minutes. The temcerature w
for 5 =zinutes and then the mixiure wzs diluted to
cn and used ag a tubsize at DUO 3. on 2 1005 reg
e conversinan had tazen dlace wiil thic enzyme mixture
&S shown Dy & relative viscosity of 11.7 at 2°) solids and 30° ¢,

ATter st nﬂlng o»e"plznt the viscosity fell to 7.5 irdicating that
perhans the enzinme naa rot Deen comnletely inmctiveted vy the heating
for 5 minutes a% 9C—,4 C.

Toougit %o te an Encyme from the Zxtrect

Isolntios of a Frad z
0 nreuted Guar Seed.

cne gren of dried sorouted Suar Seeds was grouré as before
and the Tilirate (1= mi.) collected, Mhe filtrzte was cenurlfugeﬂ and
decanted from the residue. Then L9 ml, of adsolute ethyl zlconhol were
eddeld to the centrifuzate, the »recinitste allowed to setile and the
sunernatant laver desceanted, The precirvitate was wnrked with fresh
aleonol, centrifused out end vecuun dried at room termersture over
Falz. The material thus osbtained weighed O.CHHL 4, 2nd possessed a
gra¥ color and sharo mevpery odor,

A 0.15 1az2uet bean zum 4lsversion was mace and 20 ml, nlaced
in esch of twy test tubes. To the first tube one ml, of water was
rdfed and to the secsad 1 ml, 2f 2 sclutisn of “re above enzvme
preverztion {1 rl. = .1 ms, or $.12% on the zum), These mixtures were
ther placed in viscometers at I0° O, and the relstive viszosities were
Cetermined as follows:

1. water + locust bean zun Relative Viscosity
3 mimntes i2.¢
10 mirutes 32.6
1£ hours 27.2
2. 0.12% Enzyme + locust Dean zum
3 minutes 25.¢
16 minutes 21, b
15 hours z.eb

Sonversion of Locust Bean Sunm with the Alceonol Preciniteted
Guar Zncyme Freuvaration,

575-530
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Twenty grams of locust bean gum were mixed with 430 ml. of
water snd stirred to a stiff peste. A O.0bL =, (0.22%) sample of the
enzyme preparation made from the Guar seeds wag dissolved (with difficulty)
in 10 ;1. of water and added to the gux mixture. The temperaiure was
raised to 40 C, and held there for one hour, 3ome thinning out occurred
but_not sufficlent to warrent cooxing for tubsizinz purposes. The mlxture
was allowed %o gtand at room temperature for 43 hours after which it
was cgulte thin, The mixture was discarded becsuse of the long conversion

period necessary.

Conversion of Locust Bean fum with Guar Tnzyme Extracted fronm
Five Grams of Seed.

675-1-530

of
Twenty grams/gum were mixed with 550 ml. of water and the extract

from $ grams of sprouted Guar seed wes added. The temperature was then
ralsed to 35 C. for 30 minutes whereupon thinning out seemed to occur,
Tre temperaturs was then raised to 930 . daurinz 25 minutes and held there
for 5 minutes, Heating seemed %o cause consiéeradle thickening in this
case. At 2% and 30° C. the mixture possessed a relative viscosity of

42,8,

Conversion of Locust Bean Gum after Dispersing at 55°% C.

G76H=2=

<
\n
O

Twenty srams of locust bean gum were mixed with 550 ml. of water
and heated with stirring to 55° C. and then cooled to 30  $. The enzyme
extract from 5 g. of sprouted Huar seeds was added and the converslon
allowed to proceed for 2 hours at 36% C. Noticeabls thinaing occurred
in one helf hour., The temperature was then ralsed to 93° C. held for 3
minutes and the mixture diluted to 29 and used as a tubsize at 50°% C.

The relative viscosity at 2% and 30° C. was 3.73.

An Attempted Alcohol Fractionation of the Enzyme Mixture of Sprouted
Guar Seed.

. Tive gzrams of alr drled sprouted Guar seed were ground with
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water and sand and filtered through a coarse zlass filter crucible,

The insoluble residue was washed with succegssive portions of water and
filtered, The filtrate was centrifuged and decanted from the residue.
Volume 134 ml, Successive 30 ml. portions of absolute ethyl alcohnl
were then added to the centrifugate followed by periods of standing to
allow flocculation. Precipitates formed at 47,37 and 7h.5% 2lcohsl
concentrations, the first being euite darx in ecolor and the second gfay.
The precipltated materials were in turn centrifuged off, washed with
absolute alcohol and vacuum dried at room temperature,
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