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Introduct ion

This report is a continuation of the work covered under the general

heading of liquid phenolic resins used as beater additives. It is concerned with

the preparation of phenol-formaldehyde resins made et the Institute--their addition

at the beater stage, the formation of sheets, and the evaluation of the pressed

panels containing these resins.

The principal goal was to prepare a resin which when used as a beater

additive would result in a laminated panel with characteristic properties of high

- density, low water absorption, good hardness with good resin retention. Since

the degree of polymerization and type of catalyst are two of the factors influencing

these properties in a resin, it was felt that by controlling the length of the

cooking period the degree of linear linkage and cross-linking could be varied.

Also, the removal of the-acid catalyst was-tried-in order to lower the concentration

of water-sensitive materials in the resin. Four modifications of phenol-formaldehyde

resins were synthesized and tested.

The subsequent handling of the resins at the beater stage, during

precipitation, etc. was identical for all four resins.

iORM 73 THE INSTITUTE OF PAPER CHEMISTRY

EiS: arn"·c*nm�*m*rr�55"a�E7?X1�P5 I--- �� --�-�-------�-���� ���·- ·-I



A

- -- -*.. - ~~~~~~Project 916
-age 2

- - - ~~~~~~' J~~uly 23 c;5

* - ~~~~~~preparatian.Of Ph~o-am ehyde Resins --

The-apparatus used~ foitesyththe'jresins ~:onsiited"of,.a

-~-.1000 MIn 3-ne ck flask fitted vitha triretrcuryrsea2C' Watet' don&enser>

with a straight tube, and. a thertpmocap dwel ~The ~emperature tas determined --- 

wi-t an Alnor portable pyromete; i~ ttei ~rrnlcnsatn ro-

cMiple'.VThe heating.was dote \jtli~a- btt a'. atn used to

,re en necessarr.-- -C -.
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-- The above mixture was heated'elowly, to 1800F., with constant stirring; 

and held there for one hour. .The material4 separated into two p~hases.: -1It Was- --

then cooled_ to 100%F. end the top layer pored;ff.- An additional 242.g.-of'

Formaldehyde, and 120 g. NaOH (20% diM.) ileri-added.-, This was brought to 190O0,F.

and held there for 20 minutes, and then cooled.1> -.- j? .-

Two-Sagi: esin 111.This resin ha the sain6'formziiaas zis& A 4 However,

after the initial heating, the- andethe remaing 

resin' yas washed thoroughly with clitilleaVjwate Theta f i nfl cook ws',i

for 40 minutes.

Three-Stage le~sin #121. Formula: -

A (1st Stage) B (2nd Stage) '-C (3rdstgV 

372 g. ioo% Phenol -17;-5 g;>oH200so -- .4 §yTtaedi-
28 g. water -y-t,.140 'g.120%i'NaOH -

242g9. 37% For6.ldehyde - - v; - 'C'W*
88 g. 20)% NaGS solution "VI't-- ." -

ThemixureA as eatd t, 860.:f-or2T30miputes' taking 30 minutes,-

to reach le~o). It was coole'dana~at'ibOO2F-i t1131g20% H2$04 wds oLdede The
-.-;, , 

temperature was again raised to 180 F. &nd heldi there for 45 minutes. The'second

cooling brought about a phase separation. The supernatant liquor was removed

and 2142 g. 37% Fomaldehyde and 120 g. 20%~ WaE' was added. The resin turned

-- dark with the addition of iNaDH. 2-etn t10.wscniudfr minutes.

The product was then cooled with a' 6ol water bath.

ThIree-Stpge 'Resin #132. This resin was pre~area by. cooking re sit. #121 f or l1.5

hours at 1900%. At the end of cooking~, res'in apyard cofmsdeabytikrha '

the original resin. -
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The sheets were wet-pressed between blotters at 65 p.s.i. and partially

dried at 2300F. for three minutes. The sheets were then conditioned at 50% R. H.

and 73 F. The sheets were weighed and the ovendry weight calculated from the -. -

conditioned weight by oven drying one half sheet. The per cent volatiles was

obtained by drying one sheet at 160 C. for ten minutes.

Pressing of Panels

Panels were pressed at 1000 p.s.i. at 300 0Y. for ten minutes. The per

cent volatiles was-found by the per cent loss in weight on heating a sheet for

ten minutes at 1600C.

A material balance was made, and the completed panel was evaluated

for density, Rockwell M hardness, and 24-hour water absorption.

Results 

The resin characteristics are shown in Table I. The characteristics

of6Synco 721- (Snyder-Chemical Company) are given for comparison.

The resins functioned as well as the commercial resin, Synco 721, with

which they may be compared. The retention in some cases was better than that

_- - -achieved with-the commercial resin. Two of the experimental resins were definitely

unsatisfactory as brought out by their tendency to stick to the screen and to

agglomerate into small lumps. See Table II. The material balances (Table III)

.were very good in only three cases. The rather high unbalance noted for run

751-127 and 751-99 is probably due to the failure to achieve equilibrium in the

conditioned sheets or to some other factor not under control. The material: 
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-balance for the sticky resins, 751-64 and 751-121 were poor. However, the

-material balances are close enough in some cases, so that the estimation of

retention of resin may be reasonably accurate.

The panel strengths are not unusually high. The impregnated sheets

produced panels with greater hardness than the panels formed from beater-added

sheets. However, the water absorption of the impregnated sheets was appreciably

higher. A little closer control over resin content would be desirable in order

to substantiate this difference. See Table IV.

Panels 751-137 and the two panels made up of impregnated sheets were

the best in appearance being lighter in color and more uniform.

The two-stage resins gave the lowest water absorption results and the

greatest density. Washing the resin in between stages seemed to help.

The best retention (79.1%) was obtained with a two-stage resin which

was washed between stages. The next best was with the three-stage resin with

the longest cook. In no case was the retention much better than achieved with

the commercial resin.

Conclusions

Several experimental liquid phenol-formaldehyde resins were prepared

and evaluated as beater additives for paper base laminating.
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' The results in general, indicate a slight superiority in some cases over

the commercial resin, Synco 721, as to the per cent retained. The differences

are small-and-it is-difficult to predict their validity except by actual practice.

The reactivity of the Synco 721 (Snyder Chemical Company) appears to 

be somewhat greater than most of the experimental resins. It should be noted

that the measures of reactivity are rather crude and subject to operator techniques.

This may be the explanation for one experimental resin having a lower stroke

cure time but higher gel time than the control resin.

The two-stage polymerization technique allows for greater control

over water dilution ratio than possible with a single-stage alkaline catalized

resin.

Washing out the acid catalyst between stages appears to aid in lowering

the 24-hour water absorption by the finished panel.

Polymerization in three stages does not improve the mechanical char-

acteristics. Apparently the initial polymerization under highly alkaline conditions

serves in the same manner as the acid cure stage which serves to carry the resin

toward the water insoluble stage. The final alkaline polymerization increases

the viscosity possibly by increasing the polymer molecular weight.

The over-all appearance of the panel made with the three-stage resin

seemed lighter and more uniform than the rest of the panels.

These resins show that too low a molecular weight tends to cause pilling

of the resin and sticking on the screen. Advancing such a resin either during

the acid or alkaline stage reduces the stickines' of the resin.

i1

-
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IMflTrmCTION

For the past few .'ears the Institite has been car.yir-Z an a general

investigational -program for the purpose of studying paper b~ase lamiqates. This

study '-as inclided laminates forc-ed by both maetfods of im-)regncticn and bester

addition. The mamn feat-:res of interest have teen the action of tile resin during

the forretior. of the sheets, and ultimately- the tvaluftion of the pressed panel.

Recently, a great deal of interest has centered around the liquid

phenolic resins a~s bec.tet additives. The D-re~- Plsstycs and Chenyca~1s, inc.

submitted for evaluation a sample of a- resin#l5, which they felt showed

unusual chnaracteristics as a- beater additive resi- .Aio~~ ith the sample

tnev includedf a series af procedures reco-nended for handling turet 415535.

-Cravun- Zellerbacna un;l~eacdhed sulfite--iult' with a Za-wtdiar. Standard

'reezess of 475 has bees u-sed. as thie base stock thraIjghout this investigatiornal

u.ork. Two different. precipitating agents were used to precipitate tnie resin-

one contained 75) grarus glacial acetec acil end. 5 g~rams F 3?0 diluted to one liter.

Th-e other;rcitt was a 1.21 solution- of Al (SO"), .18Y O.
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nrog: water was added to the puip to mzake a 3- consistency stock

mixture. This was beate- in a special spirit beater for 2.5 hours, and 0,o

(basis o1i furnish) Durez #15535 resin, whic: had previously been diluted to

25' solids, was added. Beating was continued fo- 1/2 hour; then, in cne case,

e-cugh sodiui ealuminate was added to reduce the pE to 4.4. In the other, a

mixture of 75 grams glacial acetic .cid and 5 grams phosphoric acid diluted

to one liter was added to a pE of .6c

This stock was then 'iluted to 0.5% consistency and sheets were

fornel on basis of 200C/24 x 36/500. The white water was recircul-ted.

The sheets were wet pressed at 65 p.s.i., partially dried for three minutes

at 2i5°-. The sheets were then conditioned at 50% R.E. and 73 F.

Panel pressing was done at 300e°. -- 1000 p.s.i. and maintained for

ten Eimetee.

The finished panel was evaluated for density, Rockwell M hardn-ss,

and 2h hour-iwater absorption.- - --- - --- - - -- - -- - - ---

2SULTS

The following table will serve to facilitate an evaluation of the

various precipitating agents used with Durez .-ll 15535- In each case the only

change in procedure was in the type of agent used to precipitate the resin.
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TABLE I

- . ---- Evaluation -of N-Dre-s155335- Beater Addition, Re-sin -- -

Precipitating -Agent- --- - -,,- 

73 g. Glacial Acetic Al 2 (SO,),.18 H9
3 g. Phosphoric diluted (12%'sol1.)2

to 1 liter

Na Aluminate
to PR 10

12% eel. of Alum
to pH 4-.. 

1. pH after precipitation

2. Drainage time, see.
Method

3. Per Cent Resin A*
Retention. Method

3

It. % Votatilee

Density g/ee
Roomel1 N
Hardness
24 hour water
absorption, %

0. 5. Freeness
(resin + fiber Basis)

66.2

54.9

6o. 3

6.7

1.22

88. 1

4. * 4

540

72.1

82.9

8.1

1.40

88.5

5.,

320 cc.-

13 minutes

A

4* -. 0

Ar4

C la .4 'PAU

C V . . 0 bf

-0.4

OI4. *v -0

14 0o

1 00 0 f .

Panel- Dimensions. -cm.- - - l7rx15.9.t.254,-- 16.6 z-16.6 x .259-

Note: Furnish - Crown Zellerbach P~nbleached Sulfite - 60%

Dlares Resin 15335

*A - 0.D. sheets - Wt. 0.D). fiber
Resin solids added

4.6 4.4 4.4

a
0

-4 .4
00

- 40%

1 100

3 - (o.n. sheets + white water susly, matter) - Vt. 0.D. fiber x 100
Vt. Rosin solids
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uS~AAS A 'T.r.. t - I raSTuGTE RIN
AS A '>ST STRANGET RSSIN?

The feasibility of using liquid phenolic resins for wet strength

has been previously tested and found to be unsatisfactory.

The possible use of a low molecular weight phenol-formaldehyde

resin of limited water solubility seemed theoretically valid. Such a resin

was polymerized by the two-stage technique and evaluated as a wet-strength

resin. The feasibility of getting an improvement in dimensional stability

with such a resin was also tested.

PROCESDU2

Synthesis of Phenolic Resin

The resin used in this work was prepared in a one-liter, three-neck

flask fitted with a stirrer, condenser and thermocouple.

The first stage was carried out at l1'-180°F. until a flocculent

---- recipitate was formed.- The-following materials were used:- -- ----

First Stage

400 grams Phenol (liquid) 92-94% solids
2L2 grams Formaldehyde (37%)
20 grams 20% sulphuric acid

Second Stage

120 grams 20% NaOH
242 grams Formaldehyde P

THE INSTITUTE OF PAPER CHEMISTRY
FORM 73
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The product from the first stage was cooled and bhe other

materials were added.

The temperature during-the second-stage was-slowly advanced to

194F. in a little over an hour then the product was cooled and collected. _

The beater stick point was found to be too low to measure and the water

dilution ratio was less than 1. The solids content was 43.3%.

Beater Addition of Resins

The resin was added to a bleached kraft stock which had a

Canadian standard freeness of 520 and was at a consistency of 2.14. Several

batches were prepared to give approximately 0, 3, 5, 10 and 25% resin. The

resin was mixed with the pulp in a special mixer fitted with a spiral

agitator. The mixing was continued for about an hour to assure good contact

between fiber and resin.

Sufficient precipitating agent was added to drop the pH to about

4.5. The precipitant was made up as follows:

Precipitant

100 grams A12(S04)3 . 18H20 (Paperaakers alum)
40 grams coac. H2S04

Water to make I liter.

The Ganadian standard freeness was taken after the stock had been

diluted to a consistency of 0.34. The stock was diluted further in the

deckle box in the sheet forming operation.

-I



April 17, ! 52
Project 916
Page 3

Handsheet Preparation

Handsheets were prepared using the 0.3% stock in an 8 x 8-ioch

sheet mold. -The wet sheets were pressed between wet blotters at 65 p.s.i.

for three minutes and then dried at 215°F. for about fifteen minutes on a

steam-heated copper cylinder. Specimens from each batch were given an

additional one minute cure at 350°F. in an air circulating oven.

Testing

The prepared sheets were conditioned at 50% R.H. end 73°F. and

tested for basis weight, wet and dry tensile, and Neenah hygroexpansivity.

The per cent of hygroerpansivity was determined from the chance in length

in going from equilibrium at 75% R.H. to equilibrium at 33% R.:.. The

sheets were preconditioned at 50% and 86% R.H. for the hygroe-pansivity tests.

Results

The results are given in Table I and Figures 1, 2, and 3. Table I

gives the average test results for basis weight, Schopper wet and dry tensile,

and Neenah hygroexpansivity.

Figure 1 giv-s the wet strength as a per cent of the dry strength

for cured and uncured sheets containing different amounts of resin. It can

be seen that the resin appears to impart appreciable w-et strength with

increased resin content. There iP a slight improvement in wet strength in

the uncured sheets. The wet strength of the cured sheets, however, is much

greater than the wet strength of the uncured sheets.
,#
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Beater Addition of Liquid Phenol-formaldehyde Resin

Effect of I.P.C. Resin No. 751-&on Wet Strength and Hygroex-
pansivity of Bleached Krpft

. $""Schonpner Tensile- -Wet -
Code

Control 751-92-2 Uncured

Control 751-92-2 Cured

751-90-la uncured

751-90-la cured

751-90-1 uncured

751-90-1 cured

751-91-1 urcured

751-91-1 cured

751-91-2 uncured

751-91-2 cured

751-92-1 uncured

751-92-1 cured

Basis Wt.
lbs.

(500-75x40)
83.7

81.2

38.5

39.0

104.9

94.3

97.7

101.2

83.5

84.2

73.3

69.7

Dry
22.3

25.9

15.6

15.5

42.5

42.3

42.9

47.8

28.9

34.2

35.3

37.2

Strength
lbs./in.

Wet
0.5

0.8

0.9

2.8

1.7

6.3

3.4

14.6

0.9

9.0

2.9

17.8

Strength
(% of Dry)

2.2

3.1

5.8

18.0

4.0

14.9

7.94

30.5

3.1

26.3

8.2

47.9

Hygroex-
nansivit-
(Neenah)
0.415

0.395

0.475

0.440

0.530 ,

0.520

0.495 ;

0.480

0.475

0.395

0.410 

0.445

I
I

=-j

No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

% Resin
(fiber
basis)
None

None

3.3

3.3

3.3

3.3

5.6

5.6

11.2

11.2

27.3

27.3

I1
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The cost of a phenol-formaldehyde resin would probably be higher

than that of a urea-formaldehyde resin since urea sells for 5-1/z cents per

pound as compared with 1° cents per pound for phenol on today market.

For comparison purposes Table II is given showing the wet strength

achieved by Rohm and Eaas with their latest beater addition resin Uformite

700 plus 1% rosin size.

There was no difficulty noted in the use of the I.P.C. resin tio.

751-64 at the percentages discussed. At 67% resin (on a fiber basis) pilling

and sticking to the wire was noticed.

The effect on dimensional stability was in the wrong direction

according to the results observed in this study. However at the 11.24 (cured)

resin content the dimensional stability was lower than the control without

cure and equal to the control which was given a one minute heat treatment

at 3507F.

TABLE II

WET STRiGTH OF BLSACHED SOUTHRS iK-RAT*

Furnish Catalyst: .% alum, then H2SO 4 to pH 5.0

Size: 1% Rosin

Basis Weight: 35 lbs. laboratory handsheets

Uformite 700 Tensile Strength (28 days cure)
% Resin lbs./in. Wet Strength

(fiber basis) Dry Wet (% of Dry Tensile)

0.25 18.3 2.1 11.5
0.50 16.8 2.8 16.7
1.00 18.3 3.7 20.2
1.50 20.5 4.5 21.9
2.00 20.6 6.2 28.7
3.00 21.8 7.0 32.1

'Data from Rohm and Haas Bulletin on Uformite 700.
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Conclusions

... ' The use of-I.P.C; resin 751-64 has-been shown to develop 

appreciable wet strength to a bleached kraft. With 5.6% resin on a

fiber basis the wet strength was approximately 30% of the dry strength.

The resin required an additional cure of one minute at 350°F. in order

to achieve the wet strength in the paper.

The hygroexpansivity was increased with a low resin content

in the paper but additional resin to about l11 appeared to lower the

hygroerpansivity to a value equal to that of unmodified paper. A

further increase in resin content appeared to cause an increase possibly

due to an inadequate cure of the resin.

The value of a phenolic wet strength paper would probably be

limited to applications requiring acid resistance since the cost would

probably be higher than the more efficient commercially produced urec-

_forrmldehyde and melamine-formfldehyde resins.

fv/mm
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groups possibly as follows:

OE CH CH OH

CH, . . .2 

v3 VE? 13 CH2 :U e -tc

A long chain polymer tends to be more easily fused than

a cross-linked polymer of equivalent molecular weight.

Under alkaline conditions the reaction is somewhat

different with a greater tendency for cross-linking in a very

complicated series of reactions which are not too well understood.

By forming a resin in two stages of polymerization it was

felt that the molecular structure could be controlled somewhat to make

the product more suitable for the intended use of beater addition.

This appeared to call for an acid stage polymerization to obtain

maAimum flow followed by an alkaline reaction to obtain hardness

and a fast cure,

Two-stage resins were successfully polymerized with

laboratory equipment in small amounts and were evaluated as "beater"

additittves by comraring their behavior with Snyder Chemical

Company' a Synco 721. ......

Procedure

Synthesis of Experimental Resins

Three widely differing resin solutions were prepared by

phenol-formaldehyde condensation using the same proportions of

fv/ew
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phenol and formaldehyde by varying the degree and conditions for

polymerization.

-.... ..-.... -.--...- -.. -- The-labofatyoryscalTe-resin production was-carriedtouatin----- . ----- -

--._.. .... -.. a Pyrex glass resin reaction vessel of four liters capacity. The

vessel was fitted with a Lightnin' variable-speed stirrer, straight

tube water-cooled condenser, 0-200C0 glass thermometer and a glass

stoppered port for sampling. Ground glass connections were used at

all Joints. The vessel was heated with a Glas-col mantle

regulated with a variable voltage transformer. The mantle could be

substituted by a cold water bath for cooling.

Resin No. 751-27

The following materials were placed in the reaction

vessel in the order given:

1000 grams Phenol (92- to 94j)
605 grams Formaldehyde (37%)
50 grams Dilute sulfuric acid (20%)

The voltage on the mantle was adjusted so that the rate of

heating was not too high. An atter-t was made to hold the temperature

at 6000. but the lag in heating and cooling caused rather wide

.. ... .... -fluctuatiodn int temferEture, . ..- --. - -.-- - ..

This material was polymerized to the point where a

definite phase separation was observed after an hoar of heating at

60 to SO0C. The reaction was continued for another twenty-two

minutes at a temperature varying between 71°C,and 86°C. Three hundred

grams of a 204 NaOH solution in water were then added. This

fv/ew

I



May 28, 1951
Project No. 916
Page <

dissolved the resin to form a clear gelution. The temraature was

dropped to 4O°00. and 605 grams of a 37% (by weight) solution of

formaldehyde were added at this point. A sample of the mixture was

taken and found to have a dilution ratio of 0.8. (This is the ratio

of weight of water that must be added to give a turbid appearance to

the weight of resin solution used.)

This mixture was then reacted at a temperature ranging from

6500, to 730C. The dilution ratio at the end of an hour was 1.1.

The reaction was stopped by cooling the vessel with cold water.

The product had a viscosity of 69. centipoisee at S3 °0. and

236 centipoises at 59°F, at 47.4% solids content. It had a stroke

cure time of 29.5 seconds at 300°F.

The rE of the finished resin solution was 9.6 as measured

with the Macbeth line-operated pH meter.

The resin had a "stick point n (see Appendix for test method)

which was too low to be measured by the usual techniques.

Resin No. 751-46

This was prepared with the same proportions of phenol and

formaldehyde as No. 751-27, the difference being that it was advanced

to a greater extent during the last or alkaline stage. The resin was

heated two additional hours by raising the temperature gradually from

fv/ew
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60°C, to 000. This product had a dilution ratio approaching zero

as-pr3ctically no water of dilution could-be added without causng

turbidity.

In order to get a measure of the "stick point" the resin was

solubilized by adding 0.6 gram of 10 NRaCH. This gave a "stick point"

of 4q9.49.

Resin No. 751-32

This resin was prepared with the same proportion of phenol

and formaldehyde as the others. The reaction, however, was extended

during the acid stage to give a higher molecular weight before

introducing the caustic and additional formaldehyde. The final stage

was reacted for approximately one hour. The product was very viscous

having the consistency of a very soft tDfy. This was thinned by

adding 12g grams of 20p NaOH. The pH was 9.5 and the stick point"

was 450C. - The dilution ratio was greater than 5. The Aitds content . -

was 46.5e'.

Control (Synco 721)

This was a fresh lot of resin with 50.7;r solids. The

water dilution ratio was 2.1. The "stick point" was 31'Cand the

pH was 9.h-.

fv/ew
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consistency in the sheet mld using recirculated white water.

The -ite water was tested for dissolved and sua-ended

solids in order to obtain information on material balance.

The wet sheets were pressed between moistened blotters

at 65 psi and then partially dried by heating for three minutes

at 245°F, on a Willads curved copper faced electric drier fitted

with a glass cloth cover. The moist sheets were then conditioned

at 50% R.H. and 730F. The conditioned sheets were weighed in order

to obtain information for a material balance.

Laminating and Testing

The sheets were conditioned at 50% R.H. and 730F. until the

weight was fairly constant (within 0.2 gram). This usually required

from three to five days. One sheet was then divided in two and used

to obtain the percent volatiles' and the ovendry weight.

- --The rest-of the-sheets were then laminated into a panel -$

at a pressure of 200 psi for ten minutes at 3000°. The press was

loaded hot and unloaded cold in order to minimize :istortion.

The panel was trimad and the specific gravity was determined

from the weight and dimensions.

'See appendix
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Table 1.--Zbaracteristics of' Eiroerimental Beater Addition Resin

* ~~~:Strcke :Dilltion: Stick
-Resin *- --- Descnixption -- :Solids: pHt-'-Care Ratio IPoint _

Control SYnco 721 :Comnrcial Resin: 50.7 :9.145: : 2.13 : 3100

751-27 :Two-Stage Polymerization : 147,14 :9.60: 29.-5 0 .4 :very low

751-32 :Two-Stage Acid Advanced 1 46.6 :9.50: :;l;.5. : 45OC

751 1i6 :Two-Stage Alkaline Ad- 41,i95 :9.145: :to.0 I 149,400
vanced 9

Table Ifl.-~'iaterial Balance "Beater' Addition-~df Resin

Run : ~Resin : Resin Solids:0.fl.:Precipl-
No. : Ty-oe : .Pulp: tant

- --- --- …

G rams G . : Grams

Control 149:!Synco 721 :6s :102 1 .5

Control 57:SYnco 721 :6S :102 : .3

-7r:751-27 :6s :1.1 02 : 72

377: 7511-27 :6s :102 1 17

52:75~2>N0H:6~l~hNaOE:102 11.51

55:751-27+NaOE:6&+l. 1±3NaCHI :102 : 1.58

A*Imowa: nt. : <Joss to TPotal:
:Input:Sheets: White Water : Re- Re-

* .fl. :…--------=--:coveredltentt:
* . ~: S'spended:Dissolved:

3)rams:Grams :(Grams Grams :Grams

:109: 130.3: 12.2 23S. :7.4:5*

:170.e: 1314.7: - I -

:172.2: 1140j -- : -- :?--

:172.0a: 132.S: 9.1 : 31. :17'.9 5 :5 7

:173.0: 131.7: - : - . * -

-. .4~:751-32 -. Gs6 - - :102 : l.-6 ---:17I.-7: 139;90:- - 12; 6 : 21.0 -- -:-1-73. 5 --:- 7h. 

rILO: 7r 111 :6s+ .9WaOH :102 :1.31L :172.3: 1 .7 4.2 :21.0 :.160.9 : 
'The drainage was very slow with this stock.
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Results and Discussion

The resin characteristics are summarized in Table I.

It appears as though the characteristics of the ex-erimental resins

have bracketed those of the commercial resin in all aspects save

the solids content. The solids content could undoubtedly be

adjusted without too much difficulty. The pE ranged from 9.45 to

9.6C; the dilution ratio from zero to over 5.0: and the "stick point"

from a value too low to be significant to LLQI.hC.

The material balance for the "beater" addition is shown

in Table II. Only one of the experimental resins suffered as much

lass in dissolved- solids as found for the commercial resin. The

same pulp was used in each case and distilled water was used throughout.

The retention figures shown are derived from the weight

of the over, dry sheets plus the white water suspended solids

assuming 10O fiber retention. The retention for run No. 54 is not

given since the material balance was too far off to iake the

retention calculation Valid. However, the white water solubles

would tend to indicate that the retention should be quite

comparable to rum No. 44.

The resin distribution for the acid advanced resin appears

to be slightly better than that of the commercial control. Photo

micrograohs of the blank fibers are shown in figure 1., the Synco 771

control in figure 2. and the acid stage advanced resin in figure 3.

All were taken at X100 with bright field illumination.

fv/ew
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Figure 2
-40% Synco 721
60% Bleached Sulfite 368 C.S freeness

X100

I . _.... .a. .... ,;_ _'^""* *,* -T--""-"- --- Jfl„^*[l*ll.,:l^*;a~*»J]|jJ~ilu. 
I
J?^ aglagi'^A y^'^ j

!
^^-g5



i'~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
c

04 
a ~ ~ ~ ~ 

~ 
'V

 
2
-'~

~
~

~
~

~
~

~
~

¼
~

~
~

~
~

~
 

-"- 
~~~~~~~~~~~~~~ 

m
 -' 

~ 
~ 

~ 
~ 

~ 
~

t.I,


