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STARCH AS A BEATER ADHESIVE. THE ROLE OF THE STARCH GRANULE

INTRODUCTION

The literature contains a considerable amount of sometimes

conflicting evidence on the question of whether cooked corn starch contains

relatively effective and ineffective fractions with respect to their function

as wet-end adhesives for paper fiber. Starch cooked at or below the boiling

point of water normally contains a relatively large portion that can be

separated by centrifugation. This insoluble fraction is considered by

some (1) to be relatively ineffective as an adhesive. Pearl (2) showed that

amylopectin is more effective than amylose.

It was the purpose of this study to determine whether the fraction

of.cooked corn starch that could be separated by centrifugation followed

by precipitation with miscible nonsolvents differ in their effectiveness

as wet-end adhesives.
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EXPERIMENTAL

A portion of Northwest softwood bleached sulfite pulp was beaten

to 700 ml. Schopper-Riegler freeness in a laboratory Valley beater,

dewatered, and stored in a cold room maintained at 5 C. This pulp was

used for all handsheets. Lots of the pulp were dispersed at 2% consistency

in a British disintegrator in deionized water. The indicated amount of

starch was added, stirred for 30 minutes, 2% saponified rosin size added,

stirred for five minutes, 4% alum added, stirred for 5 minutes, and the

stock adjusted to pH 4.5-5.0. The stock was diluted to 0.5% consistency

for sheet-making.

Handsheets were formed in a 8 by 8-inch Noble & Wood mold,

pressed between blotters at 50 p.s.i., and dried on a steam drum for seven

minutes at four p.s.i. steam pressure. The sheets so formed were conditioned

at 73 F. and 50 R.H. and tested by TAPPI and IPC standard methods. The starch

retention was determined by the method of Browning, Bublitz, and Baker (3).

The starch used throughout this work was a commercial, unmodified

pearl cornstarch. One lot of starch was cooked in a Corn Industries Research

Foundation viscometer (C.I.V.) for 30 minutes at 95 C. and 5% consistency.

To obtain higher yields of dispersible starch, the remaining lots were

cooked by passage through a laboratory jet cooker operated at 220 to 230 F.

Each lot of starch was centrifuged at 2% solids for 15 minutes at 2500 r.p.m.

in an International Centrifuge (Size 2, Model V,Fotor No. 277) to separate

the'nondispersibles". These nondispersibles and all subsequent precipitates

from nonsolvent addition were redispersed at 2% solids by one-minute treatment

in a Waring Blendor prior to addition to the pulp.
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In the following fractional precipitations, the proportion of

nonsolvent to solvent used was determined by a number of trial and error

experiments. It was found that the initial precipitation was sharply

defined, and in no case was it possible to secure more than two fractions.

The centrifugate from the second precipitation was water-clear and free

of dissolved solids.

Ethyl Alcohol Fractionation

Following centrifugal removal of nondispersibles from the jet

cooked starch, 400 ml. of 95% ethyl alcoholwere added to one liter of the

starch dispersion at 2% solids with vigorous stirring. The precipitate

obtained was centrifuged out and redispersed in water for sheet-making.

To the supernatant, 200 ml. of 95% ethyl alcohol was added. The precipitate

was redispersed in water for sheet-making.

Acetone Fractionation

- -Three hundred milliliters of acetone were added to one liter of

- the nondispersible supernatant at 2% solids; The precipitate obtained was

separated by centrifugation and redispersed in water for sheet-making.

To the remaining supernatant 25 ml. of acetone were added and the precipitate

was recovered by centrifugation. .

Isopropyl Alcohol Fractionation

Three hundred and fifty milliliters of isopropyl alcohol were

added to one liter of dispersed starch at 2% solids. The precipitate was

removed by centrifugation and redispersed in water for sheet-making. To the
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remaining supernatant, 200 ml. of isopropyl alcohol were added, and the

precipitate removed and redispersed in water.

Butanol and Ethyl Alcohol Fractionation

One hundred milliliters of butanol and 200 ml. of 95% ethyl

alcohol were added in succesion to one liter of the dispersed starch at 2%

solids. The precipitate was centrifuged out and redispersed in water to

use in handsheets. To the remaining supernatant, 400 ml. of ethyl alcohol

were added. The precipiate was centrifuged out and redispersed.

Ethyl Alcohol and Butanol Fractionation

Three hundred milliliters of 95% ethyl alcohol and 100 ml. of

butanol were added in succession to one liter of dispersed starch at 2%

solids. The precipitate was centrifuged out and redispersed in water to

form handsheets. To the remaining supernatant, 100 ml. of butanol were

added and the precipitate removed by centrifugation.

Butanol and Acetone Fractionation

Two hundred milliliters of acetone and 100 ml. of butanol were

added in succession to one liter of dispersed starch at 2% solids. The

precipitate was centrifuged out and redispersed in water to form handsheets.

To the remaining supernatant, 200 ml. of butanol were added. The precipitate

was centrifuged out and redispersed in water.



Project 2615
January 16, 1969

Page 5

RESULTS

The results of the several fractionations of cooked starch and

the physical tests on papers made with these starches are given in the

following paragraphs and tables.

C.I.V. Cooked Starch Frationation, Table I.

The larger portion of the starch was contained in the nondispersed

fraction. Somewhat higher retention in the paper was found for the dispersed

fraction. There is no significant difference in the strength properties of

the papers made with the different fractions.

Ethyl Alcohol Fractionation, Table II

There is no significant difference in the retention or strength

properties of the papers made with the several starch fractions.

Acetone Fractionation, Table III

In this case, the sheets made with the nondispersible starch

seem to be significantly weaker than those from the other fractions or whole

starch.

Isopropyl Alcohol Fractionation, Table IV

There is no significant difference in the retention or strength

difference from the fractions of this separation.

Butanol and Ethyl Alcohol Fractionation, Table V

There is no significant difference in the results secured from

this fractionation.
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Ethyl Alcohol and Butanol Fractionation, Table VI

The nondispersible yield from this cook wasvery low (5.2%).

Nevertheless, there is no significant difference in performance among

the several fractions.

Acetone and Butanol Fractionation, Table VII

There is no significant difference in retention or paper strength

increments among the several fractions of this separation.

CONCLUSIONS

The methods of fractionation of cooked starch used yielded no

significant difference in paper retention or paper strength increments. It

would be of interest to compare these results with those from other methods

of fractionation.

REFERENCES

1. Casey, James P. Paper Ind. 26, no. 10:1277-1280(January, 1945).
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LITERATURE REVIEW DISCUSSION

This report is intended to abstract and summarize the literature

pertinent to the objective of Project 2615. The objective of the project has

been stated: "to isolate and define the factors and interaction of factors

affecting the retention and performance of starch as a beater adhesive." In

the process, the Abstract Bulletin of The Institute of Paper Chemistry has

been searched from 1930 to date. The Institute of Paper Chemistry Bibliogra-

phies 12(1936), 112(1941), and 165(1945) [Supplement One (1963)] were checked.

The Corn Industries Research Foundation file on starch (1940) was reviewed,

and the texts of Kerr (48) and Whistler (73) were consulted. The references

are arranged roughly in chronological order.

The primary conclusion of the review is that there is a marked

dearth of published material directly pertinent to the objectives of the

project. Some of the older references are included simply to show the place

of origin of ideas still cited as significant with respect to starch utiliza-

tion. Although all references are included as having some significance with

respect to the objective, the only ones considered at this point to have

direct applicability are those of Casey (44), Swanson (56), and Cushing and

Schuman (63). The paper of Swanson is of value to this project primarily

for its recommendations for future work. The other two papers contain

experimental work which might well be reviewed and extended to obtain con-

tributions to the project.
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It is hoped that others involved in this project will supplement

_n. -.XL.id U'ib lit~:-aLurc survey. In particular, it is boeicve that mnyv

valuable papers exist dealing with polymers other than starch (not included

in this survey) which could be adapted to planning the program on starch.

LITERATURE REVIEW

1. Cassidy, W. L. Bibliography of Starch in its Relation to the Manufacture

of Paper. A.B.I.P.C. 1, no. 9, 23 (1930).

Books on Starch and its Use in the Paper Industry

2. Audens, H. A. Starch and Starch Products. Isaac Pitman and Sons, London

(1922).

3. Eynon, Lewis, and Lanes, J. Henry. Starch; its chemistry, technology

and uses. Heffer, Simpkins, London (1928).

4. Leicester, Sheldon. Practical studies for paper manufactures. Charles

Griffen and Co., London (1924).

5. Nivling, Walter A. Starefus. Barr-Erhardt Press, New York (1924).

6. Rehevald, Felix. Starch-making. Scott, Greenwood and Sons, London (1926).

7. Subrmeisrer, Edwin. Chemistry of pulp and paper making. John Wiley and

Sons, New York (1929).

8. The manufacture of pulp and paper (in five volumes). Vol. V.' McGraw-Hill,

New York (1929).

9. Walton, Robert P. A comprehensive survey of starch chemistry. Chem.
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Periodical Articles

11. Abadie, Aug. Kunstilicher Leim for die Papierfabrication. Chem. Zentr.

51,221 (1880). Uses a starch treated with MgC12.

12. Blasweider, Th. E. Kvitische Betachaunger 4BER die Starkeleimung.

Mochbl. papierfabr. 56, no. 24A, 89-93 (June 3, 1924). The literature

on the sizing of paper with starch is reviewed, special attention being

paid to the-investigation of A. Lutz and Blasweibe. Wheat or corn

starch is preferable for fine papers.

13. Carson, F. T. Gelatine and starch in paper. Papermaker's mo. j. 62,

no. 5, 196-197 (1924).

14. Legrand. The use of starch in paper. Papeterie 31, 387-388, 391, 393

(1909). Addition of starch to the paper improves the feel and rattle

and aids in the retention of fibers and rosin size.

15. Nivling, Walter A. Starch. Papermaker's mo. j. 61, no. 2, 56-57 (Feb. 15,

1923).

16. Anon. The use of starch in paper manufacture. Paper Trade J. 75,

July 13, 32-38 (1922). Paper 31, no. 9, 7-9 (1922). Discuss the signifi-

cance of amylose and amylopectin with regard to the character of starch

solution usually prepared for sizing purposes. States that adhesive

action takes place at the instant of transition from solution to the

gelatinous state or from the gelatinous to the solid state.

17. Roschiev, Helmev. Loading and sizing of paper. Papierfabr. 24, 348-350,

362-365, 384-388 (1926). Starch when added as a jelly largely increased

the retention of clay, but a clean filtered solution has no effect.

18. Strasser, J. P. Starch in papermaking. Paper mill 53, no. 4,5. 19-21

(1930). A discussion of the functions of starch in papermaking, and of

I
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the factors which must be considered in the efficient and economical

use of raw and modified starches in beaten and tub sizing. The length

of beating is proportional to the starch retention, and when rosin size

was precipitated, starch retention increased.

Patents

19. Dorlan. Sizing. U.S. 127,858 (June 11, 1872). The invention consists

of using CaC12 as a sizing ingredient in combination with resins,

soaps, starches, oils, tallows, and alums, separately or collectively.

20. Process for sizing paper. U.S. 1,430,045 (Sept. 26, 1922). The method

of sizing paper which consists of treating the pulp in the beater

with a mixture of rosin size and not over 20% of previously boiled

modified starch and additional silicates of sodium and subsequently

adding alum.

21. Nivling, W. A. Paper Trade J. 75, no. 2:32, 34,36,38 (July 13, 1922).

The existence of a soluble component within the starch granule is

proposed; Nivling stated that the swelling of the granules allowed

some of the dissolved amylose to leave the granule. On drying, this

-fraction cemented the fibers together.

22. Blasweider, T. E. A critical consideration of-starch sizing. Wachbl.

Papierfabr. 56, no. 24A:89-93 (June 13; 1925). T.S. 82:20.. IPC

Bibliography 165-290. The literature on the sizing of paper with

starch is reviewed, special attention being paid to the investigations

of Lutz and the author on the use of sodium silicate. The physical

properties of paper are enhanced by the addition of starch.

23. Strasser, J. P. Paper Ind. 11:2205, 2207, 2209 (1930). The author found

that the precipitation of rosin size caused the starch retention to increase

enormously.
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24. Govier, G. E. Starch in papermaking. Paper-maker and Brit. Paper Trade

J. "0:95 (1930). A.B.I.P.C. 1, no. 6, 13. Stnrch is now hrins used in

modified forms which have little or no thickening effect. When used in

the beater, starch consolidates the fiber and produces a close, compact

paper, has a tendency to lay the fuzz, improves the feel and rattle of the

paper, and increases the tensile strength and the folding qualities.

25. Torre, P. Starch products in papermaking. Papermill, 54, no. 25:15,

21, 22 (June 20, 1931). A.B.I.P.C. 1, no. 11, 25. The properties of

starch products from corn and the different applications of starch in

papermaking are described. Starches and gums have been used quite

successfully in the different grades of paper and bond in the past and

there is every indication to believe that they will play a still more

important role in the paper industry in future years,

26. Hirst, E. L., Plant, M. M. T., Wilkinson, M. D. Polysaccharides.

Part XIV. The molecular structure of amylose and of amylopectin.

J. Chem. Soc. (London); 2375-83 (September 1932). A.B.I.P.C. 3:73.

The work of Samec on the phosphorous content of starch indicates that

the soluble amylose portion of starch is free from phosphorous and that

the insolubility and the paste-forming properties of amylopectin may be

traced back to the phosphorous content of the amylopectin. The authors,

however, have prepared a soluble amylose fraction which retains the full

phosphorous content of the original starch. The amylopectin portion

which has the same phosphorous content differs completely in solubility

and past formation.

27. Edwards, D. W. and Ripperton, J. C. Some factors affecting the electro-

lytes of the starch granules. Reprinted from Journal of Agricultural
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Research, p. 179-191 (August 1, 1933). U.S. Government Print. Off.,

133j. At o LPF C. ,: 121

28. Rowland, Ben W, Colloidal control in starch sizing. Paper Trade J.

97, no. 21:37-38 (Nov. 23, 1933); Tech. Assoc. Papers 17:430-431

(June 1934). IPC Bibliography 165:311. A.B.I.P.C 4:89. This is a

preliminary paper in which it is reported that sizing with starch may

be improved by adding 4.5% of cooked starch to pulp, then adding about

2% of alum and finally neutralizing with an alkali, such as ammonia.

By the use of 4% of starch, the pop test was about twice that obtained

with the same amount of starch applied in the usual manner. With higher

additions of starch, the results are proportionally better, the limits

for starch as customarily employed being absent.

29. Bolton, P. S. Starch problems in papermaking. Paper Mill Wood Pulp

News 59, no. 26:80, 83-4 (June 27, 1936). A.B.I.P.C. 6:482. The

author describes briefly the methods used in purifying corn starch.and

the problems involved for obtaining good retention. In the case of

cooked starch best results will be possible when an unconverted sEarch

is used, cooked just to the swelling point and added to the beater.

The actual retention will depend to some extent upon the weight of

paper produced. Modified starches can be added to the stock in the

headbox in uncooked conditions and retention increases of 50-75% have

been recorded. Uncooked oxidized starches can also be added to the

stock; their use results in better folding endurance of the paper.

When cooked and added to the beater with rosin size, a marked improve-

ment in the sizing very often takes place, probably due to a protective

colloidal action.
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30. Bolton, Philip S. Paper Mill 59, no. 26:80, 83-84 (June 27, 1936).

Bolton felt th^t the soluble portion of starch left with the dilution

water, and that the portion of the starch which had actually burst was

at least partly retained. These swollen grains were easily cooked

further when the sheet reached the driers, so that a cementing effect

was obtained.

31. Cobb, R. M., Lowe, Donald V., Pohl, Emil, and Weiss, W. What may we

expect of starch? Paper Trade J. 105, no. 7:33-6 (Aug. 12, 1937).

A.B.I.P.C. 8:38 ...The function of starch in strengthening the sheet,

therefore, is to increase contraction or drying or to bind fiber to fiber.

Use of excessive amounts of starch will cause crushing. If starch is

not too degraded, the % required to give maximum strength to the sheet

lies around 0.5%. The fact that strength tests go through a maximum

indicates that starch as a sheet making material is lower in strength

than cellulose fiber. Its reinforcing action is similar to that of

glues which yield a joint stronger than the glue itself in mass.

32. Bauer, Hans F, Preparation of pregelatinized starches, U.S.P. 2,

216,L79 (Oct. 1, 1940); IPC Bibliography 112-2.

33. Rowland, Ben W. Precipitation of starch on fibers in paper manufacture.

U.S.P. 2,207,555 (July 9, 1940). IPC Bibliography 112-11.

34. Radley, S. A. Starch and its derivatives. New York. Van Nostrand,

1940. p. 346.

35. Rowland, B. W, Notes on the use of starch in papermaking. Paper Trade

J. 111, no. 9:71-4 (Aug. 29, 1940); Paper Mill 63, no. 35:50, 52, 54,

56 (Aug. 31, 1940); Paper Ind. 22, no. 6:594, 596 (Sept. 1940).

A.B.I.P.C. 11:64. The growing importance of starch in paper manufacture
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has become more and more apparent.... "An attempt is made to review

ccrtcLin zsp ct of 'ta i- rcb utiziti-iz t xic b'i, B o i-^"rtnt during

recent years, with particular reference to such end application,"

36. Rowland, Ben W. Notes on the use of starch in papermaking. Tech. Assoc.

Papers 24:525-528 (1941); Paper Trade J. 111, no. 9:71-74 (Aug. 29, 1940);

Paper Mill News 63, no. 35:50, 52, 54, 56 (Aug. 31, 1940); Paper Ind. 22,

no. 6:594-596 (Sept, 1940). IPC Bibliography 165:311; A.B.I.P.C. 11:64.

In the present discussion reference is made only to certain fundamen-

tals which appear particularly essential to the problems of application.

An attempt is made to review certain aspects of starch utilization

which have become important during recent years, with particular ref-

erence to wet-end application. 22 references.

37. Strasser, J. P. Paper Trade J. 104, no. 5:35-44 (Feb. 4, 1937);

Tech. Assoc. Papers 24:525-528 (1941). The author states that strength

improvements with starch are more marked in the presence of size, alum,

and fillers.

38. Casey, James P. Starches in paper and paperboard manufacture. Tech.

Assoc. Papers 25:139-147 (June 1942); Paper Trade J. 114, no. 8:107-112,

114, 116-117 (Feb, 19, 1942); Paper Ind. 24, no. 2:194; 196, 198 (May 1942);

Paper-Maker 103, no. 6:TS 25-31 (June 1942); A.B.I.P.C. 12:227. Calender

sizing, tub sizing, and beater sizing are discussed. Beater sizing is

the easiest method of applying starch. The addition of beater starches

gives internal strength to the paper and generally results in higher

burst, higher fold, higher tensile, less surface fuzz, higher wax pick

text, and, with some starches, better sizing.
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39. Kester, C. C. and Black, W. C. A precipitated starch product.

Pjp- Tiade , (Tappi Section), Hay 21, 1942, p. 247. An -ndustrlc1

use of the starch-soap complex has been developed in which the starch-

soap complex is caused to completlvity precipitate in intimate associa-

tion with the fibers of a paper furnish. The precipitated material is

retained in a web to a much greater degree than is ordinary cooked

starch, while the effect is the sheet per unit of starch is unchanged.

40. Samec, M. The basis for the colloid chemistry of the amyloses.

Kolloid-Z. 100, no. 1.106-10 (July, 1942). A.B.I.P.C. 14:226. The

role of colloid chemistry for increasing the knowledge of the structure

and properties of starch is discussed with particular reference to the

amyloses. The author enumerates 24 colloid-chemical studies of amyloses

which will broaden the knowledge of the starches. It is of interest to

note that filter paper, upon impregnation with amylose, increases in

breaking length from 730 to 3009 m., whereas the addition of salts to

the amylose prior to impregnation lowers the breaking length almost

without exception.

41. Meyer, Kurt H. Recent Developments in starch chemistry. In Advances

in colloid science. Vol. 1, p. 143-182. New York, Interscience

Publishers, 1942.

42. Casey, James P. Starch dispersions for paper will use. Paper Ind. 26,

no. 2 157-62 (May 1944). A.B.I.P.C 14:334. The author discusses the

preparation of starch dispersions from the theoretical point of view and

indicates the importance of thoroughly dispersing starch in water for

best results. Cooking conditions should be regulated to insure as much

disintegration of the starch granule as practicable and dispersion into
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the smallest unit structure without undue loss in intrinsic adhesive

value through hydrolysis. Complete dispersion of the starch granule

makes available the maximum adhesive forces of the starch and inhibits

the build-up of undesirable structural viscosity in the finished paste.

Excessive retrogradation of the starch paste must be prevented because

it tends to reduce adhesive properties and favors undesirable structural

viscosity.

43. Hixon, R. M., and Rundle, R. E. Recent advances in starch chemistry.

In Alexander, Colloid chemistry. Vol. V, p. 667-683. New York, Reinhold,

1944.

44. Casey, James P. Beater sizing with starch. Paper Ind. 26, no. 10:1277-

1280 (Jan., 1945). IPC Bibliography 165:438. A review of the .previous

work on the chemical and physical properties of starch and paper empha-

sizes the following three points: (1) The amount of fiber contact in a

sheet of paper is the most important factor determining the strength of

the sheet. (2) An important physical property of starch dispersions is

the physical state of the starch particles making up the dispersion.

Most dispersions of native corn starch contain a high percentage of

large, swollen starch granules. A few dispersions of modified starch

are composed of highly dispersed, colloidal starch. (3) The chief

function of starch in paper is to increase the fiber-to-fiber bond by

acting as a cementing agent between adjacent fibers at their points

of contact. Highly dispersed starch solutions are most effective in

high density sheets and least effective in low density sheets; the

reverse is true of poorly dispersed starch suspensions. Results are

given of tests with five types of starch dispersions: (A) Unmodified
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corn starch cooked at 210 ° F. for one hour (35% soluble starch and

65% undispersed starch granules); (B) undispersr d starch granui ts

removed from a cooked dispersion of unmodified corn starch by settling

and washing; (C) soluble starch from a cooked dispersion of unmodified

starch, obtained by removing the undispersed granules in a centrifuge;

(D) undispersed starch granules homogenized six times in a hand

homogenizer to break up the granular structure and give a fine disper-

sion of starch; (E) oxidized starch cooked one hour at 210 ° F., to

give a highly dispersed starch solution. Tests were made with 2.5%

starch on the pulp. The bursting strength was used as a measure of

the value of the sheet. The results show that C, D, and E were much

more effective in sheets of high density than were A and B. The

results indicate that amylopectin has a greater intrinsic adhesive

strength than amylose. Another experiment shows the effect of

mechanical dispersion by homogenization on a suspension of swollen

starch granules (free of soluble starch). The swollen granules are more

effective in a sheet of low than one of high density. As these granules

are broken down into units of smaller particle size, their effectiveness

decreases slightly in a sheet of low density. However, in a sheet of

high density, where the area of fiber contact is larger, there is a

tremendous increase in effectiveness as the particle size is decreased

by the mechanical process of homogenization. Important factors in the

use of starch are the selection of the proper type of starch and its use

under conditions that ensure proper distribution in the sheet; the latter

should be considered in relation to the structural properties of the

sheet.
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45. Casey, James P. Beater sizing with starch. Paper Ind. 26, no. 10:1277-80

(Jan. i945). A.B.I.P.C. i5:246. Some chemists believe that "swollen"

starch gives better results as a beater size than starch that has been

thoroughly cooked and dispersed, although the opposite view is held by

many others... Goes on to discuss theory presented in earlier article.

46. Kerr, Ralph W., and Schink, N. F. Paper Trade J. 120, no. 25:'86, 88,

90 (June 21, 1945). The authors worked with fractions of amylose and

amylopectin, They tested the effect of each fraction, when added in

the beater, on the bursting strength of paper. Their results revealed

that the amylopectin was the effective component of starch for sizing

paper pulp.

47. Schoch, T. J. The starches. In Gortner, Outlines of biochemistry.

3rd ed., p. 627-645. New York, Wiley, 1949.

48. Kerr, R. W. E. Chemistry and industry of starch. 2nd ed., New York,

Academic Press, 1950.

-49. Steffens,/O. R Starch as a beater additive. Paper Mill News 73, no. 1:16,

18, 22 (Jan. 7, 1950). A.B.I.P.C..20:428. Following a brief review of

recent Literature on the retention of- starch by cellulose fibers, the

author discusses the types of starches used as additions to the aqueous

paper furnish, their effects on the resulting paper properties, and the

variations in effectiveness.

50. Pearl, Wesley L, An investigation of the sorption and rate of sorption

of the amylose fraction of starch by papermaking fibers. Doctor's

Dissertation. The Institute of Paper Chemistry. June 1951.

'51. Pearl, Wesley L. The sorption and rate of sorption of the amylose fraction

of starch by-papermaking fibers. Tappi 35, no. 1:41-8 (Jan. 1952).

A.B.I.P.C. 22:437.
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52. Casey, James.P. Starch for wet-end addition. Tappi 37, no. 6:152-3A

(June 1954). A.B.I.P.C. 24:906. Tie author discusses chie complexity

of wet-end addition of starch and the need for additional information.

Beneficial factors in the application of starch are listed.

53. Davidson, P. B. Beater additives in papermaking. Tappi 37, no. 1:18-24

(Jan. 1954). A.B.I.P.C. 24:431. Several so-called beater additives

have been evaluated for their influence on engine sizing of paper. The

viscosity and D.S. of the cellulose and starch derivatives studied govern,

to some extent, the "size additive" efficiency ... Size additions also

exhibit specificity toward different papermaking fibers.

54. Maclaren, S. F. M. Penford gums. Tappi 38, no. 7:114-15A (July 1955).

A.B.I.P.C. 25:979. Penford Gums, essentially hydroxyethyl ether

derivatives of corn starch, and possible applications in the pulp and

paper industry as beater, calender, and tub size, for off-and-on-

machine coating, and coating on the size press are described.

55. Gushing, M. L. Starch as a beater additive. Tappi 39, no. 2:161-3A

(Feb. 1956). A.B.I.P.C. 26:570. The beater addition of starch has not

been entirely displaced by size-press additions, as had been predicted;

internal bonding can still best be obtained by use of beater or wet-end

applied starch. The introduction of automatic continuous cookers which

apply the starch continuously at the wet-end has not only greatly

simplified the process of starch addition, but also resulted in a marked

efficiency in starch performance. The method provides a means of con-

trol not hitherto available and is also of great service as an experi-

mental tool for studying new ideas of starch applications at the wet

end. Possible future developments in starch chemistry are mentioned.
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56. Swanson, John W. Beater adhesives and fiber bonding -- the need for

further research; a review of the literature on beater or wet-end

adhesives. Tappi 39, no. 5:257-70 (May 1956). A.B.T.P.C. 26:805

57. Caldwell, C. G., and Wurzburg, 0. B. Ungelatinized tertiary amino

alkyl ethers of amyloceous materials. U.S.P. 2,813,093 (Nov. 12,

1957). LPC Bibliography 165:26, A.B.I.P.C. 29:291, A beater additive

useful in improving paper strength is prepared by reacting starch in

an alkaline medium with an etherifying reagent such as dialkyl amino

ethyl chloride hydrochloride or other agent capable of introducing a

tertiary amino radical into the starch through the ether linkage formed

with the starch hydroxyls.

58. Most, David S. Tappi 40, no. 9:705-712 (1957), Radio-tracer techniques

are applied to show that the sorption of hemicellulose fractions is a

nonequilibrium, irreversible process.

59. Masinevic, Dj, and Samec, M. The effect of various starches on the

mechanical properties of paper. Starke 9, no 7; :125-31; discussion:

L30-1 (1957). A,BI.P.C. 29:98. The effect of several commercial

starches (potato, corn, rice, sweet potato, and wheat) and starch

derivatives on the mechanical properties of paper was investigated....

Amylose solutions increased the mechanical properties of paper more than

did amylopectin solutions.

60. Millar, R. J, B, The use of starch specialties in papermaking. Brit,

Paper and Board Makers' Assoc,, Proc. Tech, Sect. 39, no, 1:61-6;

discussion: 67-8 (Feb. 1958). Types, advantages and applications of

starch in the beater and on the size-press are discussed.
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61. Russo, A. V. "Sorption Studies of a Modified Locust Bean Gum on Bleached

Sulfite Pulp," Doctoral Dissertation, Appleton, Wis. The Institute of

Paper Chemistry, 1959. By means of an infinite bath environment the

process of-sorption of locust bean gum was shown to depend upon rate of

diffusion to the fiber's surface, to be irreversible, and to be initiated

at a rapid rate.

62. Jones, E. J., Wabers, Betto, Swanson, J. W., Mehltretten, C. C. and

Senti, F. R. Tappi 42, no. 10:862-866 (October 1959). The applica-

tion of periodate oxystarches to beater addition and tub sizing of paper

is treated.

63. Cushing, M. L., and Schuman, K. R. Fiber attraction and interfiber

bonding -- the role of polysaccharide additives. Tappi 42, no. 12:

1006-10 (Dec. 1959). A.B.I.P.C. 30:1064. The deliberate addition of

polysaccharides at the wet end during the papermaking process is a

practice of long standing. Various additives have been used to improve

sheet qualities such as burst, tensile, fold, internal bond, pick

resistance, porosity, and many others. The additives used include

starches, cellulosic materials, and the natural gums -- locust bean,

guar, karaya, etc. More recently, studies have been made on the

effect of adding hemicellulosic compounds extracted from wood pulp.

Previous workers have shown that several polysaccharides are irreversibly

sorbed by papermaking fibers without arriving at an equilibrium state,

and that the initial rate of sorption varies among several additives.

It has also been suggested that there is a minimum molecular weight for

an additive to be sorbed or retained and give increases in sheet strength.
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The present study attempted to relate the degree of retention of starch

additives at different dosage levels to the response in sheet strength.

64. Schoch, T. J. Measuring the useful properties of starch. Starke 11,

no. 6:156-62 (June 1959). A.B.I.P.C. 30:149. In a large-scale

fundamental study to evaluate the important physical properties of

starches and to relate these to various practical applications, the

following phases have been explored: ionic strength, gelatinization

temperature, swelling, and solubilization of granular starches;

viscosity, breakdown under shear, transparency, cold-storage stability,

and protective colloid action of starch pastes; and solubility of

starch films and coatings. Most of these properties can be related to

the extent and strength of associative bonding between starch molecules,

as influenced by molecular size, the presence of branched- and linear-

chain fractions, and chemical modification of the starch.

65. Schoch, Thomas J. Practical aspects of starch chemistry. Das Papier

14, no, 1:11-18 (Jan. 1960). A.B.I.P.C. 30:1135. Physical-chemical

properties and papermaking applications of starch, starch pastes, and

starch coating films are reviewed, with emphasis on the modification of

starches for beater sizing, surface sizing, laminating, corrugating, and

coating papers and the properties imparted to paper-by starch.

66. Leffler, N. E. and Stanko, G. L. Dialdehyde starch: potential uses.

Chemurgic Dig. 19, no. 2/3:8-9 (Feb.-March 1960). A.B.I.P.C. 30:1275.

Since the development of an economically feasible method for the com-

mercial production of dialdehyde starch, numerous applications have

been found for the material, in the tobacco, leather, plastics, cosmetics,

and other industries. In the paper industry, dialdehyde starch has been
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found to improve both dry and wet strengths of paper when applied by

tub-sizing or beater-addition methods.

67. Swanson, John W. The science of chemical additives in papermaking.

Tappi 44, no. 1:142-81A (Jan. 1961). IPC Bibliography 165:159.

A.B.I.P.C. 31:1113. Those additives which affect paper strength, fiber

distribution in the sheet, surface properties, optical properties, foam,

pitch, etc., are considered.

68. Freedman, Herbert and Goldstein, A. M. "Chemically beaten" pulp. Paper

Mill News 34, no. 28:11-15 (July 10, 1961). A.B.I.P.C. 32:2467. The

advantages of beater adhesives, such as starch, locust bean gum, and

guar gum, and some historical data on their development are reviewed.

The structural characteristics of cellulose, starch, and guar are des-

cribed and compared. Penobscot Chemical Fibre Co. has developed a line

of sulphite market pulps to which a guar gum product (Stein-Hall's

"Pulp Aid" PM No. 3) has been added, so that it is not necessary for the

papermaker to make the addition at the beater. Standard evaluation of

these pulps revealed that bursting and folding strengths are improved

without decreasing tear strength.

69. Anon. Versatility in DAS. Agr. Res. 10, no. 11:3-4 (May 1962) A.B.I.P.C.

33:986. Dialdehyde corn starch, a ... can be used in additives to in-

crease wet strength of paper.

70. McKenzie, A. W, Structure and properties of paper, 16. Relationship

between starch dispersion and retention, degree of heating, and paper

strength. Appita 18, no. 1:4-15 (July 1964). A.B.I.P.C. 35:5549.

Effects of starch retained in paper sheets on strength properties

(especially those affected by interfiber bonding and the modification
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of these effects by starch cooking conditions and by beating were

studied, using a cationic starch in preference to conventional non-

substantive starch, which showed satisfactory retention without alum....

23 references.

71. McKenzie, A. W. Structure and properties of paper. (17) The mode of

action of carbohydrate beater additives. Appita 19, no. 3:79-85

(Nov. 1965). A.B.I.P.C. 36:8809. Cationic bleached kraft pulp was

prepared by treatment with.... The effects of this modification on the

efficiency of wheat starch as a beater additive were studied. The

starches studied included: native wheat starch (I), its component

amylose and amylopectin fractions, products obtained from I by acid

hydrolysis and by Br and hypochlorite oxidation, and by hydroxyethylation

and carboxymethylation....

72. Moeller, H. W. The development of strength properties in paper with

wet-end additives. Paper Maker (London) Intern. no: 110-13 (1965).

A.B.I.P.C. 36:5619. The results of several studies concerning the

development of strength properties in paper by the addition of wet-end

additives to the paper furnish are reviewed. Additives considered

include modified corn starches, natural gums, and cationic starch..,.

73. Whistler, Ray L, and Paschall, E. F. Starch, Chemistry and Technology

(2 volumes). New York, Academic Press (1967).
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STARCH AS A BEATER ADHESIVE. THE ROLE OF THE STARCH GRANULE

INTERACTIONS OF BLEACHED SOFTWOOD KRAFT FINES,

DEGREE OF DISPERSION OF 2% CORNSTARCH & ALUM

SUMMARY

The effects upon handsheet properties due to adding cornstarch

preparations having different degrees of dispersion at the rate of 2% of

the fiber weight are compared at pH 4..4, with and without alum, with those

due to varying the quantity of fines in the stock suspension over a range

of 2 to 9% by weight. The fines component is varied by blending definite

proportions of "fines-free" and whole dewatered pulp previously beaten to

700 ml. Schopper-Riegler freeness. This blending procedure produces a

series-of stock suspensions having the same long fiber characteristics and.

- the fines used are those belonging to the kind of fiber and refining method

employed.

The burst, tensile, and fold values of the handsheets increase

linearly with increasing amounts of fines in the stock suspension while the

logarithm of the Bendtsen air permability rate decreases linearly. These

observed trends may be used to deduce the characteristics of a handsheet

containing no fines, thus representing the properties due to the longer

fibers alone.
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At pH 4.4, 0.0002 M alum (1.3% on fiber) decreases the burst and

fold resistance of the handsheets without much effect uron the response

due to changing the fines concentration. This suggests the detrimental

effect of alum is upon the bonding of the long fibers. On the other hand,

alum appears to have no effect upon the tensile strength of the handsheets.

This may indicate that the effect of alum is upon the flexibility or

extensibility of the paper since fold and burst are tensile tests containing

a bending stress.

Alum improves the retention of the starch.. Its greatest effect

is with the most particulate or least dispersed preparation and its
is

least effect/upon the retention of highly dispersed starch. Retention of

the least dispersed starch preparation is also improved by increasing the

fines level in the pulp suspension. However, the strength performance of

the handsheets is either unaffected by the greater starch content or

decreased in the case of the folding endurance produced in the alum system.

The characteristics of the starch treatments imply beater starch

may be- placed in four categories: dispersed and undispersed effective and

ineffective starch. It appears effective starch must be dispersed and is

likely to be retained by sorption processes. Undispersed ineffective

starch, retained mechanically, is more desirable since it would have less

effect upon white water viscosity and thus not affect drainage on the wire

as much as if dispersed. Other evidence suggests dispersed ineffective

starch reduces the tensile strength to about the same degree as alum.
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In the absence of alum, the effect of starch and fines is additive,

over the range examined for producing burst and tensile strength. The

increment due to starch remains fairly constant as the overall performance

improves with increasing amounts of fines. Folding endurance appears to

increase with the amount of starch on the fines as well as on the fiber.

The fold increment due to starch increases with the fines level. In fact

when alum is used, there is almost no fold improvement due to starch if

fines are not present since the regression curves for the starch and no-

starch systems converge at nearly the same intercept.

An excellent linear fit of the data obtained without starch is

found for the logarithm of the Bendsten air permeability as a function of

the fines concentration. This is suggested as a means of tentatively

assessing the relative amounts of fines, capable of being retained in a

single pass, in handsheets prepared under well-defined conditions.

Evaluations of the starch performance at equal levels of fines in the paper

itself are made on this extended interpretation of the original data.
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INTRODUCTION

Institute Project 2615 is directed toward the isolation and

definition of the factors, and the interaction of factors, affecting the

retention and performance of starch used as a beater adhesive. Extending

the present understanding of the role of starch used in this manner is

expected to lead to more effective use of starch and other internal

adhesives, making the paper industry more adaptable to changing pressures

and demands upon its processes and products.

Although a considerable amount of starch is used in the paper

industry as a beater adhesive, there is a potential for the use of much

larger quantities. "Beater starch" is more effective in some systems

than others and almost totally ineffective in some paper products which

could use an inexpensive bonding agent. Emperical methods of preparing

and adding starch to the papermaking system characterize the present use

of this additive.

The degree to which the organized structure of the starch granule

persists through the preparation processes preceding introduction of the

starch into the papermaking system,is suspected to have some bearing upon

its effectiveness as a bonding agent. It is known that cooked starch is

more effective than raw starch for this purpose. The resistance of the

granule, structure to dissolution of the starch polymers by heating in

water varies with the botanical source and is probably a major factor leading

to differences in the performance of two different starches such as those

from corn and potatoes.
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Treatments of the hard-to-disperse cornstarch which produce cationic

changes on the polymers also produce granular starches which attain high

degrees of dispersion, presumably approaching molecular levels when cooked

according to current papermaking procedures. Such cornstarch derivatives

display improved retention and performance in commercial and laboratory

papermaking processes. However, consideration of the characteristics of

the fibers in suspension and of the starch itself do not resolve the

question whether the improved dispersion or the improved coulombic attrac-

tion between fiber and starch, or both, produced the desired changes in

the characteristics of the paper product.

Much of the work already completed on this project was directed

toward studying the effects of altering the degree of starch dispersion

by using families of complexing agents and controlled variations in the

cooking procedures. The results of these experiments will be described in

separate reports when activities having higher priority are completed. It

became apparent in these studies that greater insight would be gained by

investigating the effects of changes in the fiber system in conjunction

with those due to altering the degree of starch dispersion.

Upon reflection, it was felt our efforts were being hampered

by a very limited understanding of the interactions between the starch

and the fiber fragments present in the pulp suspension. These fragments

are dislodged during refining and other mechanical processing steps

involved in converting the pulp suspension into a suitable paper product.

The effects of the fiber fragments, or fines, upon the properties of the
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of the paper resemble those obtained by adding starch and other internal

adhesives. Tt is thus important to be able to separate the contributions

of fines and of starch to paper properties in order to follow changes due to

different treatments of the starch.

Earlier attempts to assess the contribution of the fines in our

laboratories have been confined to comparing results obtained with whole

pulps and "fines-free" pulps obtained by classification procedures. It has

not been unusual to find that a starch product will produce a satisfactory

strength improvement in paper made from "fines-free" pulp but will show

very little improvement with the parent whole pulp. Explanations of such

observations have been based upon the proposition that preferential starch

sorption occurs on the fines owing to the greater specific surface area of

that component. Predictions of performance based on this hypothesis are

confusing since two opposing effects must be accounted for. Part of the

starch sorbed on the fines will be removed from the system on the fines

not retained during sheet formation. On the' other hand, starch sorbed on

the fines which are retained should -improve bonding of the fiber fragments

'-one to another and to the intact fibers. -
'

The cooked cornstarch preparations used in commercial papermaking

are not molecular dispersions by intention. Practical results favor

preparing the starch in a manner that leaves most of the starch as swollen,

intact granules or as large granule fragments. Inf act, mechanical entrap-

ment of particulate starch during sheet formation rather than sorption on

the fiber has been proposed as the dominant and most desirable starch

retention mechanisms.
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On the basis of these two mechanisms for starch retention, sorption

arn entrtarpent, the fines in the pulp suspension 7orld bo exteeted to affect

starch retention in two ways. If the fines concentration increases, sorption

on the fines surfaces would be enhanced, and increased plugging of the fiber

mat by the fines would hinder the passage of starch particles thereby

increasing the retention of particulate starch. If improved retention is

accompanied by an improved effectiveness of the starch, then we are faced

with the question of which retention mechanism should be enhanced for a

specific grade of paper and set of processing conditions. The problem is

more complex than this since earlier experience has shown that improved

retention does not necessarily produce improved bonding.

If the fines concentration can be altered without affecting

the characteristics of the long fibers in a pulp suspension, an examination

of the trends in physical characteristics of handsheet could cast some light

upon the contribution of the fines and of the degree of dispersion of the

starch introduced into the system. This can be done without introducing

"artificial" fines by blending different proportions of whole and "fines-

free" pulps. For convenience we have chosen to use dewatered pulps which

were resuspended in water and analyzed in a Bauer-McNett classifier to

determine the weight of the fraction not retained by the 150-mesh screen.

It is assumed that the quantity of fines in the stock preparations actually

used to prepare handsheets is proportional to the results of such analyses.

The degree of dispersion attained in preparing cornstarch for

wet-end addition may be increased merely by increasing the steam jet cooking

temperature. We chose 190 F. as being representative of current commercial
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practice and 230 F. for attaining greater dispersion. In addition, corn-

starch cooked for 30 minutes at )^ C. and then cooled to 50 C. in a Corn

Industries Viscometer (C.I.V.) was included in the experiment. The C.I.V.

has been a convenient and reproducible way to prepare starch for handsheets

in our laboratory, and it was of interest to see how fines affect the

performance of starch prepared in this way.

The degree of dispersion obtained by the three cooking procedures

was assessed by comparing the ovendry solids of each preparation before

and after centrifuging. Dispersed starch thus is that portion of the

dilute paste (2%) that is not sedimented during 15 minutes at 2500 r.p.m.

(International Size 2, Model V, Rotor no. 277, 250 ml. bottles). Eventually,

it may be useful to devise a method of indicating the distribution of

particle sizes of the undispersed starch as well as of the fines.

EXPERIMENTAL PROCEDURES

PREPARATION OF PULP

Rayonier bleached western softwood kraft pulp WBS-W (Lot No. W-3398)

was beaten in deionized water (1 to 3 megohms resistance) with a laboratory

Valley beater to 700 ml. Schopper-Riegler freeness (S.R.F.) _One set of

eight beater loads (2880 g. O.D.) was dewatered on a Buchner funnel, treated

twice in the pulp breaker and placed in a polyethylene bag for refrigerated

storage. A second set of eight beater loads was processed inaBauer-McNett

classifier having the 12, 20, 64, and 150-mesh screens in place. The

fractions retained on the screen were recombined, dewatered, the filter pad

broken up by two passes through the pulp breaker, and then bagged and stored
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under refrigeration. Both dewatered pulps were resuspended in water and

analyzed in the Bauer-McNett classifier. The results of the tests used

to characterize the two pulps are shown in Table I.

PREPARATION OF STARCH DISPERSIONS

Pearl cornstarch (Globe 3001) was cooked at 5% solids in deionized

water in the Corn Industries Viscometer (for 30 minutes at 95 C. and then

cooled to 50 C. before removal from that instrument), and in the steam jet

cooker (190 F. and 230 F., diluted with an equal volume of deionized water

immediately after cooking). The concentration of the starch pastes was

determined by restoring the C.I.V. paste to the original weight and by

determining the dry solids of the jet-cooked pastes by means of the O'Haus

moisture balance.

The starch pastes were diluted to 2.0% solids for addition to the

fiber suspensions and for the determination of the percentage of dispersed

starch. (Percentage dispersed is the ratio of the ovendry solids of the

paste remaining in the supernatant liquids after centrifuging the paste

at 2500 r.p.m. for 15 minutes in an International Centrifuge (Size 2,

Model V, Rotor No. 277).

The pH of the C.I.V. preparations was 4.9 before cooking and 5.1

after cooking. The values for the jet-cooked pastes varied more widely

They were pH 5.2, 5.3 before and 6.1, 6.0 after cooking at 190 F. and

pH 5.3, 5.3 before and 6.2, 6.3 after cooking at 230°F. The higher pH after

jet cooking may be due to organic amines (antiscaling agents) introduced

with the steam.
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PREPARATION OF FIBER SUSPENSIONS

Portions of the dewatered pulp (3000 g. dry basis);were resuspended

in deionized water (2000 ml. total volume) for 300 counts on the British

disintegrator. The suspension was then diluted to 1% consistency with

deionized water and brought to an alum concentration of 0.0002 M by the

addition of 3.9 ml. of 10% alum [A12(S04)3 l8 H20, 1.3% of fiber weight].

A second series of suspensions was prepared without alum but

with the pH adjusted to the same level (pH 4.2-4. 5 , ave. 4.4) as the alum

series with dilute sulfuric acid.

The quantity of fines in each fiber suspension was regulated

by blending portions of the whole and "fine-free" pulps in the proportion

of 0:30, 1:20, 20:10, and 30:0 grams. On the basis of the analyses shown

in Table I, this produced 1.81, 4.12, 6.42, and 8.73% fines by weight in

the two series of puop suspensions.

STARCH SORPTION CONDITIONS

The dilute starch paste (30 ml. 2.00%, 2% of the dry weight of

the pulp) was blended with the fiber suspension for five minutes at room

temperature. (Separate studies show starch sorption is essentially

complete at 15 sec.) The alum or sulfuric acid was added before the starch.

At the end of the five-minute sorption period, the stock was diluted to

0.5% for handsheet making.
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FHADTTSFFET PR^PARaTTON

Eight 8 by 8-inch, 2.5 g. Noble & Wood handsheets (100-mesh Monel

wire) were prepared in deionized water from each fiber suspension. The

water in the deckle box was adjusted to pH 4.4 to 4.5 prior to adding the

fiber. Each handsheet was transferred to a blotter by pressing with a

couch roll, and then pressed between blotters--four sheets at a time,

for five minutes at 50 p.s.i. gage pressure. The wet-pressed handsheets

were dried on the couch blotters with the blotter against a steam drum

(3 p.s.i.g.).

RESULTS

The data describing the raw materials and the performance of

the handsheets are given in Tables I and II.

Handsheet Set No. 106:0-A compared with 107:3/OA indicates

there are marginal differences between adding the starch before (0-A)

or after (3/OA) adding the alum to the stock suspension.
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DISCUSSION

Blends of the whole and "fines-free" forms of the same refined

pulp produce a range of fines concentrations not readily obtained in other

ways. The nature and characteristics of the fines and fibers are those

normally produced by the sequence of operations involved in the use of

dewatered refined pulps for handsheet evaluations. However, this technique

focuses on fines levels equal to or less than that of the whole pulp

whereas commercial papermaking is done at fines concentration greater than

that of the whole pulp. Recycling of process water reintroduces fines not

retained during earlier sheet-forming sequences. On the other hand, the

quantity of fiber fragments large enough to be retained in a single pass

probably is not much different in the two systems. It is mainly the

fiber fragments too small to be efficiently retained that are likely to

be recylced in commercial processes.

The fines levels specified in this report are based on the data

shown in Table I. Intermediate levels are calculated from the proportions

of each pulp used. It is assumed the fines concentrations are predictable

and reproducible within the limits of measurement shown in Table I.

EFFECTS OF FINES WITHOUT STARCH

Increasing the quantity of fines in the pulp suspension, without

adding starch, increases the apparent density, burst, tensile, and fold

values, and decreases the air permeability of the handsheets. In Fig. 1

the apparent density increases linearly with the fines at low pH without

alum present. With 0.0002 M alum in the stock suspension, the data are

more scattered. These points do show an upward trend with the fines level
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probably not greatly different than that found without alum.

Bursting strength appears to increase linearly with the.fines

level (Fig. 2). The presence of alum lowers the bursting strength of the

handsheets in a way suggesting the main effect is upon the bonding of the

long fibers. The rate at which burst increases with increasing proportions

of fines in the stock is about the same with and without alum.

Folding endurance also appears to increase linearly with the

fines fraction (Fig. 3) and the presence of alum harms this property. The

slopes of the regression lines seem to be different with and without alum

suggesting that perhaps alum is affecting the way both the long fibers and

the fines produce folding endurance in the paper structure.

It does not appear that improved fold is due only to the higher

apparent densities obtained with increasing fines levels (compare Figures

1 and 3).

The tensile strength of the handsheets also increases in proportion

to the fines concentration (Fig. 4), and appears to be independent of the

presence or absence of alum at the pH used to produce these handsheets.

It is intriguing that alum should affect those tests involving tensile

stress plus lateral displacement (burst, fold) but not the pure tensile

stress itself. Further examinations should include evaluation of the effect

of fines and alum upon elasticity.
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The regression curve for the alum system [Equation (1)] is

illustrated in Fig. 6 along with the permeability factors for the systems

with and without alum. All of the data, but for one point, fall within the

2s limits shown in Fig. 6. On this basis and from comparison of the
xy

regression coefficients in Equation (1) and Equation (2), it appears highly

unlikely that the two systems are different. Thus, it is concluded alum

had no effect upon the air permeability rate of the handsheets and probably

no effect upon the fines retention.

Equations (1) and (2) may be written in more general form as:

logP =log = logP -bF (3)
0 S

or: bFs = log Po - log P = log (PO/P) (4)

where- F = fines concentration in pulp suspension, g/100 g. pulp
s

P = permeability factor, mil x ml./min.

PO = permeability factor at F = 0

B = constant (d log P/dF)

The factor P is likely to be a function of the sheet-forming

conditions, pressing, and drying procedures as well as of the inherent

characteristics of the whole fibers. For a given set of procedures and

fiber characteristics, P should be a constant.
0

Thus:

bF = A - log P (5)

If the single-pass retention of the fines is a constant proportion

of the total fines fraction:

cFH = bFH/e = bFs (6)

where
FH = fines in handsheet, g./lO0 g.

e = fines retention efficiency, FH/F ,
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then the logarithm of the Bendsten air permeability rate is proportional to

the fines content of the paper. This poermts ar asse.c-ent of the effects

of varying levels of fines in the paper which is not readily available by

other means. We shall return to this concept later on in this discussion,

It is of interest that the semilog relationship produces a

straight line whereas the log-log plot (Fig. 7) produces a curved line. On

this basis the semilog form has more practical utility and perhaps funda-

mental significance.

If we accept the premise of a constant retention efficiency for

fines (at least over the range examined in this study), it is possible to

relate the fines content of the paper to the paper structure on a more

fundamental basis. The Hagen-Poiseullle equation for compressible fluids can

be used to gain some insight into this relationship.

V = r4/8q · Ap * pm/m (7)

where
V = volume of fluid flowing through a capillary in a given

time 

. = length of the capillary (i.e., thickness of the handsheet)

r = radius of the capillary

=1 viscosity of the fluid

Ap = pressure drop

pm = medium pressure of the penetrating gas

p = pressure at which V is measured.
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If P = Vj with no fines in the paper (F ), a structure having a given

fines component. F . will have a different permeability factor, P.

Thus, if the pressure factors in Equation (7) are constant,

P i 4 iPo Pi= rŽ/ri (8)

and

log Po/P = 4 log ro/r1 (9)

Combining Equation (8) with the equalities shown in Equations(5)and

(6) give:

cFH = 4 log ro/ri (10)

or

c/4-FH = B - log r1

where , B = constant for a given set of long fiber characteristics

and handsheet procedures. Thus, the simplest' view of the relationship of the

fines component to the sheet structure is that the logarithm of the average

pore radius decreases linearly with the quantity of fines in the paper

structure.

EFFECTS OF FINES AND 2% CORNSTARCH IN THE PULP SUSPENSION

The three methods of cooking the cornstarch used in this study

produced the three degrees of dispersion shown in Table II. One preparation

was cooked in the C.I.V. which has been used as a reproducible method of

preparing starches for evaluation as internal adhesives in our laboratory.

Another preparation was cooked in our steam jet cooker at 190 F. and is

representative of present commercial papermaking procedures. The similarity

of the degree of dispersion of the jet-cooked starch (av. 19.8%) and the

C.I.V. preparation (av. 29.5%) indicates the C.I.V. produces a reasonable
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approximation of the starch dispersion used in commercial papermaking.

The third starch preparation was steam jet cooked at 230 F. to obtain a

high degree of dispersion (av. 98.4%) for comparison with the other two

dispersions.

Introducing two parts of cornstarch per 100 parts of pulp into

the fiber suspension does not appear to affect the way the Bendsten air

permeability of the handsheets changes with the fines concentration in

the pulp suspension (Fig. 8 and 9). The data become more scattered as

more points are plotted but there is no firm basis for changing the

regressive line obtained for the fines alone. It could be expected that

the particles of undispersed starch in the C.I.V. and 190 F. jet

preparations would affect the pore structure of the paper. This appears

to be true only with the least well dispersed starch preparation as

indicated in Fig. 10.

The apparent density of the handsheets (Fig. 10) prepared with

starch changes somewhat erratically with the fines. Because of the

dispersion of points it is not possible to be certain that starch has

altered the effect of the fines on this property. The starch regression

lines shown in Fig.10 do suggest that starch may have some effect upon

sheet density. However, there is no basis for stating one starch preparation

behaves differently than the others.

Bursting strength and folding endurance (Fig. 12 and 13) are

improved by the addition of starch. Without alum (Fig. 12A and 13A) the

effects of starch and fines appear to be additive at pH 4.4. This offers
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an explanation for the apparent loss of strength improvement due to starch

when whole pulps are compared with "fines-free" pulps. An increment of

8 points burst per 100 lb. is 10% of a "fines-free"- control sheet showing

80 pts/100 lb., but only about 7% of a whole pulp control having 110 pts/100 lb.

(see Fig. 12A). There does not appear to be any difference in the way the

three starch preparations affect burst and fold in the handsheets made

without alum.

When alum is used, the burst increment may be additive for starch

and fines or the effect of the starch may increase as the fines level increases--

depending upon how one wishes to interpret the small divergence of regression

lines in Fig. 12B. However, it is obvious in Fig.13B that the effect of

starch upon folding endurance increases rather dramatically as the fines

concentration increases. It also appears that starch has little effect

upon fold without fines being present in the preparations using alum. It

must be pointed out that the data plotted for 1.8% fines are obtained with

the unblended, classified pulp which has been referred to as "fines-free"

pulp in the earlier work.

The method of preparing the starch has no obvious effect upon

the bursting strength in the alum system (Fig. 12B). There is a suggestion

in Fig. 13B that the most highly dispersed(starch 230 F. jet )produces

greater folding endurance.

The tensile strength imparted the handsheets by starch and fines

appears to be additive for both the alum and no alum systems (Fig. 14).

The small divergence of lines in Fig. 14A (as well as in Fig. 12B) cannot
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be given great significance in view of the available data. Again, the

starch cooking method (or degree of starch dispersion) does not appear to

affect the tensile strength imparted by 2% starch.

In contrast with these observations, the starch retention efficiency

is affected by the degree of dispersion, or cooking method, in both the alum

and no-alum systems (Fig. 15). The poorly dispersed starches are retained

to a higher degree than the highly dispersed starch and the retention

efficiency increases with the fines concentration. Furthermore, starch

retention increases as the amount of undispersed starch increases (see

Table II). This supports the contention that some "beater starch" is

retained mechanically. The filtration efficiency of fiber pad on the wire

should increase as void spaces between longer fibers become plugged with

more and more fines. On the other hand, the degree of dispersion has no

marked effect upon the measured physical properties of the handsheets

(Fig. 12-14). This is strong evidence that starch retained mechanically

does not improve the physical strength of the paper.

The effective starch fraction must be contained in the dispersed

phase. However, the most highly dispersed preparation (230 F. Jet, 98.4%

dispersed) was retained to a maximum of about 18% with alum and 16% without

alum. Since all three preparations are more highly dispersed than either

of these figures, it follows that the effective starch is in the most

easily solubilized portion of the starch granule ( amylose?) and that the

degree of dispersion is not likely to have any effect unless it does not

exceed 16 to 18%. These observations lead to the categories of dispersed

and undispersed effective and ineffective starch.
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As a rule, galactomannan gums are about six times as effective

as starch as an internal adhesive on an equal weight added basis. It is

interesting that the dispersed effective fraction is about 1/6 of the

total starch used to prepare handsheets for this report.

INTERACTION OF FINES AND STARCH IN THE HANDSHEETS

The starch content of the handsheets is measurable by direct

analysis while the fines content is not. Yet interpretation of the combined

effects of starch and fines upon handsheet properties requires some

assessment of the quantity of fines in the paper structure. It is an

unexpected result of blending whole and "fines-free" pulps that the

relative amounts of fines retained in the handsheets can, tentatively, be

given quantitative, though nonspecific, values. However, in order to do

this one must base conclusions upon tentative conclusions. This increases

the risk of obtaining the "wrong answer" but offers new ways of looking

at an old problem.

The Bendtsen air permeability rate of the handsheets prepared

without starch was shown earlier in this report to be a linear, semilogrithmic

function of the fines factor in the pulp suspension (Fig. 5 and 6). The fact

that a physical property affected by the presence of fines in the paper

(rather than the bonding effects of the fines), changes in a regular way

with changes in the composition of the pulp suspension suggests that a

constant proportion of the fines is retained in the handsheet-making process.

That is, the fines retention efficiency at pH 4.4 is at least relatively

constant over the range of fines levels examined and with the particle size
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distribution of the fines produced by the kind of pulp and the pulp treat-

ments uzcd in tliz sSudy. If the fines retention efficiernc is not

relatively constant, one must propose that it is changing in a regular

way to account for the good fit of the data to the linear form shown

in Fig. 5 and 6. This second proposition is acceptable if fines-flocculation

does not occur at pH 4.4. As the voids in the mat of longer fibers become

filled with increasing amounts of the larger fines particles, the filtration

efficiency of the mat increases to improve the mechanical retention of the

smaller, harder-to-filter fiber fragments. However, fines flocculation is

believed to occur at lower pH values such as 4.4 Thus, pending further

evidence, the proposition of a relatively constant single-pass retention

efficiency (in the absence of starch) is the more likely alternative for

the system employed in this study.

In either event, fines retention is a regular function of the

quantity of fines in the pulp suspension. The simplest interpretation

is that the fines retained is linearly related to the fines in the suspension

and, hence, is best for an initial evaluation of the interaction of fines

and starch.

Comparison of the starch-treated handsheet data with those obtained

without starch (Fig. 8-10) does not indicate that the air permeability rate

is affected differently by the fines in the pulp suspensions except for

some deviation of the lowest dispersions shown in Fig. 10 when starch is

present. It will be presumed here that the scatter in Fig. 8 and 9 is due

to differences in fines retention in the more complex system which are

indicated by the logarithm of the air permeability rate.
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The two premises needing verification in the following interpre-

tations are (1) the quantity of fines in the paper is linearly related to

the logarithm of the air permeability rate, and (2) beater starch has

little or no effect upon that property.

The quantitative concepts relating handsheet permeation rates

to the fines content were presented earlier as Equations (5) and (6) which

are combined here:

cFH = b FH/e = bF = A - log P (11)

where:
FH = Fines in handsheet, g/100 g.

F = Fines in pulp suspension, g/100 g.

e = Fines retention efficiency, F H/F = 1

P = Permeability factor, mil x ml/min.

b = proportionality constant for F (-d log P/dF )

c = "' for FH (-d log P/dFH

A = log permeability factor when FH or F = 0 for a

given set of longer fiber characteristics and

handsheet-making procedures.

The permeability rate, rather than the permeability factor (rate corrected

for thickness) will be used since it contains the effects of the sample-to-

sample variation of basis weight and thickness also affecting the burst,

tensile, and fold data. A comparison of Fig. 5 and 6 will illustrate this

substitution has little effect upon the basic relationship. The intercept

in Fig. 5, 2300 ml/min., will be used to indicate "no fines" in the paper

structure.
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In Fig. 16 the quantity of starch in the handsheets is a linear

function oi' ile quantity of fines in the handsheet. This parallels the

relationships shown in Fig. 15 where the comparison is based on the fines

in the pulp suspension. Fig. 16 shows more explicitly than Fig. 15 that

alum improves starch retention. The three-dimentional representation in

Fig. 16 illustrates low starch retention is improved by decreasing the

degree of dispersion (or solubilization) and increasing fines in the paper.

Alum appears to have its greatest effect in the most particulate system.

That is, with the least dispersed starch preparation with the whole pulp.

The fact that the highly dispersed starch (230 F Jet) does not

show greatly improved retention as the fines concentration increases

indicates most of the retention is due to the long fibers and not due to

the fines. This contradicts the hypothesis that the greater surface area

of the fines robs the long fibers of effective starch.

As shown earlier, the improved starch retention due to particulate

starch and alum is not reflected in the strength of the handsheets. A

comparison of Fig. 17 with Fig. 18 suggests that the improved starch retention

in the alum system obtained with the poorly-dispersed starches reduces the

folding endurance of the handsheets. The best fold is obtained with the

highly dispersed and least well retained starch. This is also shown in the

two-dimentional Fig. 18. The curves in that figure converge toward a common

intercept suggesting starch has no effect upon the folding endurance of

alum-treated long fibers. Fold improvement is a result, apparently, of the

combined effects of starch and fiber fines as was concluded earlier on the

basis of the trends shown in Fig. 13B. The difference between the dispersed
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and particulate starch preparations suggests folding endurance is improved

by the starch sorbed by hile Isines and is hairmd by the pa:Liculace starch

retained mechanically with the fines. However, this explanation does not

provide an understanding as to why the folding endurance increases so

greatly with only a very small and probably insignificant increase

in retention of the 230 F Jet starch.

Without alum, fold appears to be improved by starch on both the

fines and on the long fibers in Fig. 20. This is a different interpretation

than that derived from Fig. 13A where starch on the fines appears to have no

effect.

The fold data for the 230° Jet starch in Fig. 20 suggest an

entirely different set of responses when particulate starch is not added to

the system. The two points for the two highest fines levels completely alter

the trends observed with the other three series of handsheets. If the

slopes indicated by the two pairs of data are correct, (i.e., pairs above

and below the other starch curves) then there is little difference between

slopes of the three starch preparations. On the other hand, if it is

assumed that the two suspect points to the right are incorrect and should

be disregarded, then the burst and tensile data should also show anomalies

which they do not. If the broken line shown in Figure 19 correctly represents

the trends with the 230 F. Jet starch, then fold parallels starch retention

and increasing amounts of fines in the paper have little effect upon that

property. This conclusion is not easily accepted in view of the trends

observed with burst and tensile strength. Thus, further evidence is needed

to describe the changes in folding endurance produced by highly dispersed

starch and fines at pH 4.4 but without alum.
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The effect of alum upon tensile strength is examined in Figures

2 and 22. Tnere appears to be no affect due to ali :ith z-o starch or

with the highly dispersed 230°F Jet starch (Fig. 21). Tensile strength

increases linearly with increasing amounts of fines in the paper and the

effect of 2% starch is a constant factor added to that of the fines.

In Fig. 22 the effect of starch is also linear and additive

to the effect of the fines but alum reduces the tensile strength of the

handsheets. The alum effect appears to be related to the bonding of the

long fibers as deduced earlier from Fig. 14.

The 230 F. Jet starch curve in Fig. 21 coincides with that for

the other two starch dispersions shown for the alum system in Fig. 22.

This suggests that something in the dispersed starch is affecting the

bonding of the long fibers in the same way as alum. Perhaps dispersed

ineffective starch or alum is displacing or competing with dispersed

effected starch for sorption sites on the fiber surface. However, whatever

mechanism is causing the lower tensile strength, it is not a summation of

the effects of both components. The alum treated 230 F. Jet starch

handsheets are not different than those prepared without alum. If alum and

dispersed'ineffective starch are coating.the surface of the long fibers,

sorption of the effective starch may be inhibited by a reduced number of

sites available, or the adhesive bond between effective starch and the fiber

surface may be weakened if that component is deposited on the layer of

ineffective material.
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FURTHER WORK

It is planned to test the linearity of the trends observed in

this study over a wider range of fines levels by refining the bleached

western softwood kraft pulp to 300 ml. S.-R. freeness. The results of

this study and the one reported here will then serve as a comparison for

evaluations using other pulp sources.

Other workers may wish to use the pulp blending technique to

examine the effects of residual levels of fines upon such parameters as

the hydrodynamic specific surface area and swollen volume, drainage rates,

optical properties, or other parameters influenced in some degree by

fiber fragments.
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Preparation as a Function of Fines in the Paper.
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Figure 22. Tensile Strength of' Control Sheets and 2% Hlighly Dispersed Starch
Preparation as a Function of' Fines in the Paper
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