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INTRODUCTION 

Papermaking originated in China nearly two 

thousand years ago (12). The principles that were used 

for macerating the fibers and making them into sheets 

are still employed at the present ti~e. Machinery has 

cha!iged the method of producing these sheets. The in

dustry grew rapidly with the invention of the printing 

press in the fifteenth century. That it occupies an 

important place in the industrial world today is sho~1 

by the fact that in 1930 the total production of pulp 

in the United States was 9,962,449 tons (14). 

The location of such an industry is deter

mined by the supply of raw materials used. The scarcity 

of the com.monly used conifers, such as spruce, balsam, 

fir, and hemlock in the present centers of the pulping 

industry in the Un ted States, is increasing produc

tion costs and is making competition quite difficult, 

particularly with Canadian Mills. Viscose and cellu

]ose acetate products are wakin8 serious encroachments 

on the paper makers' supply of pulp (10), thus increas

ing the demand. Since the supply of wood is decreasing 

and the demand for pulp is increasing the industry must 
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move to the source of the raw materials. 

That the South may become the center of 

this great industry in the near future, is indicated 

by the fact that one-third of tbe activities of the 

United States Forest Products Laboratory during the 

past year has been devoted to the pulping of southern 

woods (2). Results of research at this laboratory (5) 

(6) show that southern pines can be pulped by the sul-

fate process and can be bleached by a comparatively 

new, two-stage bleaching process. However, the color 

is slightly less satisfactory than that of the bleached 

sulfite pulp. Sulfite pulp is pr 1 eferred for the better 

grades of paper because of its characteristic blue

white color. This process is also the cheapest of all 

pulping processes. As a result, a modification of the 

sulfite process has been developed for the pulping of 

southern pines (2). The experiments, ho wever, have 

been on a se mi-com mercia ~ sca l e and cannot be consid-

ered entirely successful until they have been tried on 

a corrnr.ercial scale over a considerable length of time. 

In order for the South to be successful in 

the pulp and paper industry, papers other than the 

lower grades or kraft papers must be produced. To 
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quote Dr. Curran, Senior Chemist of the United States 

Forest Products Laboratory: n diversity of products 

must be obtained. The production of the fi~er pulp 

grades, wh ich bring higher returns ••••••••• must be en

t ere d • '' ( 3 ) • 

From the standpoint of the pulp and paper 

industry, Florida is as well, if not better situated 

than the other southern states. In an address (9) 

given at the Florida Commercial Forestry Conference, 

April 17, 1931, Mr. Don Hanly of the Southern Kraft 

Corporation, mentioned the following advantages which 

Florida possesses as a pulp producing state in compar

ison with the northern states: 

1) Florida has a high stand of ti mber per acre as 

compared with the stand in the northern 

states. 

2) The timber supply is more accessible than that 

of the No1"lth because of the comparatively 

flat topography of Florida as a whole. 

3) A longer growing season gives this state a great

er supply of pulp wood. 

4) Climatic conditions make possible a continual 

operation in the woods. 

According to a report issued by the Florida Forest Ser-
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vice (3), the cost of pulpwood in Florida is less 

than one-half that of the average in the United States, 

and is about one-quarter less than that in the South as 

a whole. Florida is nearer the average geographical 

center of consumption than the Northeast, the Middle 

West, or the Far West, and can ship to eastern states 

by water. Fuel and raw materials, as salt and sulfur, 

are close at hand in Alabama, r11exas, and Louisiana. 

Rosin, lime, and clay are plentiful in Florida. The 

climate affords ideal working conditions. It makes 

unnecessary the storage of a winter's supply of wood, 

and thus by allowing the use of green wood makes pos

sible greater yields of pulp (22). 

Efforts have been made in Florida to make 

paper from substances other than wood. At Leesburg, 

Florida, a mill was established to make paper from saw

grass. It was not successful and will not be until a 

better method of harvesting the grass is devised. "No 

other source of cellulose has yet been found," accord

ing to Mr . P. K. Baird, Senior Chemist of the United 

States Forest Products Laborato1-ay, ttthat can compete 

with wood .n (1). Thus the possibility of a more ex-
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tensive use of hardwoods in the sulfite industry is 

of timely interest to the paper manufacturers in the 

United States. The available supply sample, the 

price per cord is lower than for spruce, and the 

greater density gives greater pulp yields (17). Flor

ida can produce these hardwoods and it is the object 

of this research to survey a few of the pulp making 

qual ties of what seems to be a fast-growing hardwood, 

namely, chinaberry, Melia zedarach L. 

CHEMICAL ANALYSIS 

The chem cal analysis of a wood cannot 

by itself give the specific information necessary for 

the establishment of its suitability for pulping pur

poses. n interview wt~ Mr. Bair confirmed th s state

ment (1). However, this analysis, togetner with data 

obtained from practical pulping tests, may give some 

idea of its pulp making possibilities (4). 

The sample of chinaberry chosen for anal

ysis was taken from t~e sample used in all the cooks 

(except No. 13.) An entire cross section was used in 

order that the sa~ple might be representative of the 
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material U11.der consideration. The wood was finely 

divided by means of a rasp and sifted through a 60 

and an 80-mesh sieve, the portion on the 80-mesh sieve 

being used in thG analysis. The sifting was done in 

order to obtain a uniform size of particles. The pulps 

used in the analysis were dried and thoroughly disinte

grated. 

The methods of analysis used by the United 

States Forest Products Laboratory (4)(16) were followed in 

all cases except in the determination of lignin and in the 

bleach consumption. For the lignin analysis the procedure 

developed at the Forest Products Laboratory of Canada (20) 

was used, since it seems to be a more recent method of 

good authority. 11b.e bleach consumption was determined 

by an adaptation of the method given in "Technical Meth

ods of Analysis 11 by Griffin ( 8) • 

Each specific analysis has its importance in 

relation to this problem. The amount of moisture in the 

wood must be known in order that the results of other 

determinations may be calculated _ on the basis of oven

dry wood. The ash determination has no special signifi

cance except for comparison with other paper making woods. 
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As lignin forms the greater part of the substances 

removed during the cooking process it is essential 

that the percentage of this substance in the woods 

be knovm. Wood gums are soluble in an alcohol-benzene 

mixture and the amount of gum found in a certain wood 

may determine its suitability for pulping by the sul

fite process. The cellulose determination is probably 

the m~st important of any in the chemical · analysis 

as the aim of the pulping process is to obtain as high 

a yield of this substance as possible. The quantity 

of chlorine consumed and the loss of weight during the 

bleaching process determine the value of a wood for 

the higher grades of paper. The liquor strength is an 

important facto1., in the production of a strong, easy 

bleaching pulp. 

The procedures used in these determinations 

are given as follows: 

Moisture 

Two to four grams of ~ir-dry material are 

weighed in a glass-stoppered weighing bottle and dried 

to constant weight at a temperature of 105 degrees C. 
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The weighing bottle containing the sample is closed 

and dried in a desiccator. 

Ash 

About three grams of oven-dry material, ac

curately weighed in a shallow, tared, platinum dish 

and burned to constant weight in an electric muffle at 

a dull red heat. When the combustion is complete the 

dish is cooled in a desiccator and weighed. 

Lignin 

Approximately 0.4 of a gram of the wood is 

accurately weighed, placed in a 100 cc. beaker, and 

moistened with 4 cc. of commercial formaldehyde solu

tion. The wood is then mixed with 4 cc. of 72% sul

furic acid and finally dissolved by the addition of 

6 cc. of concentrated sulfuric acid. Thirty-five cc. 

of chloroform-glacial acetic acid reagent is stirred 

in. (The reagent consists of six volumes of glacial 

acetic acid to one of chloroform). The ,10 cd solution 

is then poured into a 600 cc. beaker containing from 

400 to 500 cc. of water, rinsing the beaker with a little 

of the water. The beaker which contains the lignin in 
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partial emulsion is placed over a flame and the chloro

form is driven off. The granular lignin thus precipi

tated is collected on an asbestos pad or in an alundum 

crucible usi ng suction. Washing is confined to 200 cc. 

of 5% hydrochloric acid. The crucible and its contents 

are dried to constant weight, burned out, and reweighed. 

The loss of weight repre ·sents the lignin. If a larger 

sample of wood is taken the reagents must be increased 

accordingly. This does not apply to the chloroform

glacial acetic reagent which is sufficient for 1.25 g. 

Alcohol-Benzene Solubility 

Approximately 2 grams of air-dry wood is 

weighed in a tared alundum crucible contained in a 

weighing bottle. The crucible is placed in an oven be

side the weighing bottle and dried to constant weight 

at 105 degrees c. It is again placed in the weighing 

bottle, cooled in a desiccator and weighed. The cru

cible with its contents 1s extracted four to six hours 

in a Soxhlet extractor with an alcohol-benzene mixture 

containing 33;% alcohol and 67% benzene. After evapora

tion of the solvent the sample is dried to constant 
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weight at 105 degrees c. The extract is poured into 

a tared platinum evaporating dish and the alcohol and 

benzene evaporated, leaving the gu..~ as a residue. The 

percentage of extracted material may be determined ei

ther from the loss in weight of the sample or from the 

weight of the gu_m after evaporation of the solvent. 

Cellulose 

The material for this determination is ex

tracted with the alcohol-benzene mixture if the wood is 

to be used, but in the case of pulps, the extraction 

may be dispensed with. 

The s~~ple is thoroughly washed with dis

tilled water by means of suction. The moist material 

is then transferred to a Jena glass crucible (size 35 cc;, 

No. 3, porosity 5 to 7) which is equipped with a frit

ted glass bottom. Suction is applied first at the bottom 

of the crucible until the excess moisture is removed, and 

then at the top to remove the water from the fritted 

glass plate and to distribute the remaining moisture 

evenly throughout the entire sample. The crucible is 

water jacketed and is connected between a gas burette 

and a Hempel gas pipette of the chlorination apparatus 

• 
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(Figure 1). The burette, the leveling tube, and the 

pipette contain calciu..~ chloride solution saturated 

with chlorine. A measured quantity of chlorine gas is 

forced from the burette up through the material in the 

crucible and over into the Hempel gas pipette as rapidly 

as possible. 1'he first chlorination treatment requires 

from three to four minutes, after which the material is 

washed with cold distilled water, using suction. It is 

next washed successively with 50cc. each of a 3% sul

furous acid solution, cold water, and a freshly prepared 

2% sodium sulfite solution. The material is transferred 

to a 250 cc. Pyrex beaker and is treated wit 1
~ 100 cc. of 

a 2% sodium sulfite solution. The last traces of the 

sa.mple adhering to the porous bottom of the crucible are 

removed by successively drawing 10 cc. pcrtions of the 

sodiu..m sulfite solution up through the bottom of the cru

cible by means of suction. The beaker containing the 

srunple is covered with a watch glass and is placed in a 

boiling water bath for 30 minutes. The fibers are again 

transferred to the glass crucible and are washed with 

about 250 cc. of distilled water. This procedure is nevat' 

sufficient to remove all the lignin so that the treatment 
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with chlorine and subsequent treatments as just out

lined are repeated until the fibers are practically a 

uniform white or at least show only a very faint tinge 

of pink upon addition of the sodium sulfite solution. 

The second and following treatments with chlorine 

should not require more than one or two minutes each. 

After all the lignin has been removed the fi

bers are thoroughly washed successively in an alundu.~ 

crucible (porosity R.A. 98) with hot water, 10% acetic 

acid, 500 cc. hot water, 50 cc. 95% alcohol, and final

ly with 50 cc. of ether. The tared crucible and its 

contents are dried at 105 degrees c. to constant weight. 

Bleach Conswnption 

Qualitative tests show that the chinaberry 

bleaches more readily with chlorine water than with a 

calciu.rn hypochlorite solution. The t·No stage bleaching 

process in which the pulp is treated wit h chlorine and 

then with the hypochlorite also pr~duces good results. 

Five gra ms of pulp are placed in a stoppered 

bottle containing a liter of chlorine water, the 

strength of which is determined as follows: One cc. of 

the solution to be tested is added to 50 cc. of water 
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containing a few crystals of potas simn iodide. This 

solution is acidified with acetic acid and the liber

ated iodine titrated with 0.1 N. sodium thiosulfate. 

1 cc. of 0.1 N. thiosulfate = 0.00355 grrun of chlorine. 

The mixture is allowed to stand at room tem

perature until the pulp is bleached to the color de

sired. The determination of the available chlorine is 

again made on the bleach solution and the percentage of 

chlorine cons1rrned in the bleaching process, based on the 

weight of the fiber, is calculated. The pulp is filtered 

on a small Buchner funnel, washed with hot water, dried, 

and weighed. 

Liquor Analysis 

When the total consumption of chemicals is 

determined the Winkler method of analysis is used with 

the Sander method (15). The latter method of analysis (16) 

is applicable in these experiments as no attempt was made 

to analyze t~e liquors after the cool had been made. 

There was no point in making this determination because 

of the action of the acid on the iron of the digester, 

and there was no way of determining the amount actually 

consumed by the pulp alone. 
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two cubic centimeter sample of the liquor 

is d luted to about one hundred cubic centimeters with 

distilled water and titrated with one-eighth nor :::al so

dium hydroxide solution, using methyl orange 01., brom

phenol blue as an indicator. When neutral an excess of 

a saturated solution of mercuric chloride is added upon 

which the contents of the titrating flask become acid 

again. Titration is then continued until once more neu

tral. Readings are taken at both endpoints. 0.4 times 

the second titration gives the per cent of total S02. 

0.2 times the difference between the second and the 

first gives tho per cent combined so2 • 

In the first titration all the so2 present 

as excess sulfurous acid is converted to bisulfite, so 

that all so2 present in the solution when the first 

neutral point is reached is in the form of bisulfite. 

The addition of mercu1,ic chloride to this solution 

brings about the formation of a complex addition pro

duct ( 15). 

The reactions are as follows: 

First titration -



- 15 -

ddition of HgC1 2 -

NaHSo 3 + ·Ca( HS0 3 ) 2+ 3HgC1 2~ NaH gClS0 2 + H2o + Ca(H gC1S0 3 ) 2 + HCl 

This lib erated hydrochloric acid is ti t rat ed 

in the second titration and is an indirect measure of 

the total so2 present. The difference between the first 

and second titrations is a measure of the amount of bi

sulfite originally present in the solution and, there

fore, an indirect measure of the comb ne d so2 • 

The r e sul ts of t he che m cal analysis are 

stated as follows: mo sture, 7.053% and 7.059 %, average 

7.056%; ash, .2867% and .2894%, average 2.880 %; lignin, 

33. 5'.}b and 33. 97%, aver~age 33. 73%; gum, 2. 97% and 2. 99%, 

avera ge 2.96 %; cellulose in wood 52.19 % and 52.3 ~%, 

average 52.27%; cellulose in pulp from cook No. 12, 

71.4% and 71.7%, avera ge 71.55 %; chlorine consu med in 

bleaching pulp from cook No. 11, 38.4 % and 39.8 %, 

average 39.1 %; loss of weight i.n bleaching, 24.1 % and 

24.6%, avera ge 24.35 %, liquor analysis, result s are 

given in Table I. 
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Figure 1. Diu.gram of Chlorination Apparatus 

Used in Cellulose Determination . 
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MICROSCOPICAL ANALYSI3 

The microscopical analysis of a wood is as 

important to the paper maker as the chemical analysis, 

for it is by th s means that the cells are actually 

seen and fiber qualities as well as the effects of the 

cooking and beating processes are determined.. 

Wood is not a solid homogeneous substance, 

but is made up of innumerable cells or hollow tubes 

and fibers of different kinds. These tubes and fibers 

differ not only in size and sh ape but in actual struc

ture and arrangement. This, in part, explains why one 

kind of wood differs from another anatomically (13). 

These cells are composed of celluloo e bound together by 

the middle lamella. Ritter (18), in opposition to most 

botanists, holds that the middle lamella of mature 

woods is lignin and not pectin. The cell wall is 

made up of several layers of tiny, thread-like struc

tures called fibrils (19). The fibrils that compose 

the outer layers are oriented at approximately ninety 

degrees to the long axis of the wood fiber. Immediate

ly under the outside layer of some fibers there are 

occasional stray bands of fibrils wound about the inner 
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layers at approximately forty-five degrees to the fi

ber's axis. Such fibrils do not form a continuous 

layer. In the remaining layers the fibrils are orien

ted from zero to thirty degrees to the axis of the fi

ber. An examination of these fibrils with the aid of 

a hig..h power microscope indicates that they are composed 

of smaller visible units, nfu~ely, fusiform bodies. Treat

ments such as cooking and beating that tend to separate 

wood fibers in this manner are of interest to the paper 

maker. If a definite quantity of the fibers in a pulp 

has become fibrillated this may aid in the felting 

qualities of the pulp. On the other hand, if this re

action is carried too far the pulp may be useless. Data 

regarding the fibrillation of chinaberry pulps was not 

available. 

The cells in which the paper maker is most 

interested are the true wood fibers and the tracheids. 

The position and relative abundance of these cells in 

chinaberry wood are illustrated by the photomicrographs 

shown in Figures 2 to 5, inclusive. Figure 5 shows the 

effect of the cooking process on the wood. The lignin 

has been dissolved allowing the fibers to separate from 

each other. This photomicrograph also shows that the 
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length of fibers varies in the same sample. Fiber 

length is determined by a standard method involving 

the use of a s tage micrometer and a microscope camera 

lucida. Chi ns.b erry fibers were found to be 0.7 mm. to 

1.3 mm. long, placing them in the class of short fi

bered woods (21). This quality makes the pulp a suit

able one for combination with the longer fibered pulps 

such as bleached pine sulfate pulp. 

Each year's growth of a wood is divided in

to two parts. The part which is formed in the early 

part of the growing season is composed of thin-walled 

cells and is called springwood. That which is formed 

later is composed of thick-walled cells and is called 

sumrn.erwood. It is the difference between the two parts 

of the annual growth that distinguishes one year's 

growth from another. By counting these rings and meas

uring their width the rate of growth of a tree can be 

compared with another. The growth rings of four sam

ples of chinaberry were measured and -the average width 

found to be about one-half inch or at least six times 

as wide as those of spruce (13). Thus chinaberry is 

a fast growing tree. This statement was confirmed by 

the Florida Forest Service (7). 
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PHCTOMIC OGH~PHS 

Figure 2 
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Figure 4 

Figure 5 
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Figure 2 Tangential section of chinaberry showing a 

lengthwise view of the fibers as they 

appear in the wood. 

Figure 3 Cross section of chinaberry. The large 

cells are called pores while the smaller 

ones are the wood fibers and tracheids 

which are the essential ones to the 

paper maker. 

Figure 4 Radial section of chinaberry showing an

other lengthwise view of the fibers. 

Figure 5 Fibers of chinaberry showing the result 

of the cooking process to which the 

wood is subjected. 
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PULPING EXPERIMENTS 

The paper making value of a wood cannot be 

determined by chemical analysis alone. The wood must 

be made into pulp by the process selected, and this 

pulp made into paper and tested by standard methods. 

It is in this part of the work that we were handi

capped because of lack of expensive equipment, However, 

a small quantity of pulp was made and representative 

samples of the paper produced are included in tbis 

thesis. 

The process used for making the pulp was 

the sulfite process since it is the moot mportant 

method of making chemical wood pulp (23). Sulfite pulp 

makes up an average of 20% of the composition of news

print. It goes largely into paper board, wrapping, 

book, and writing papers, either wholly or mixed with 

other kinds of pulp. It is used in tissue and cover 

papers. Because of the fact that bleached sulfite 

pulp is practically pure cellulose, it is also used in 

the manufacture of products where cotton is usually em-

ployed. 

The sulfite process is applicable to hard-
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woods (11), giving a higher pulp yield than the soda 

process which is alkaline in character. The cook ng 

process with slight modification does for hardwoods, 

which, as compared with softwoods, give a pulp of 

greater bulk, softness, and opacity. In general the 

hardwood pulp develops good strength on beating and, 

on a paper machine, gives a well closed sheet of ex

cellent finish. Moreover, when bleached it possesses 

the ch.aracteristic blue-white color of sulfite pulps. 

The best grades of pulp are produced by this process 

and for this reason it was applied to the chinaberry. 

In making paper on an industrial scale the 

wood must first be cut into chips of approximately 

uniform size. Various methods of making these c~ips 

were tried, but the most satisf~ctory result was ob

tained by cutting shavings by means of a carpenter's 

plane, keeping with the grain of the wood as closely 

as possible. Both radial and tangential sections 

were cut, the object being to obtain maxj_rr..u.i.-rn fiber 

length. · These shavings were cut into pieces from one

half to one inch long for all of the experiments. 

The cooking liquor was made by suspending 

about 60 grams of calcium or magnesium sulfite in 



- 25 -

1000 cc. of water and bubbling sulfur dioxide through 

the suspension until the sulfite had been converted to 

bisulfite and an excess of sulfur dioxide was present. 

Preliminary experiments were made by plac

ing the chips in a beaker with sufficient liquor to 

cover them and cooking in a pressure cooker for several 

hours. The pressure was raised to 25 or 30 pounds per 

square inch. The results were far from satisfactory, 

the chips being softened very slightly, if at all. 

three-gallon rotary die;ester, mounted on trunnions, was 

obtained from the New York State College of Forestry 

and was used fo1'"4 the remainder of the experiments. The 

first ten cooks were made by placing the chips and 

liquor in the digester, with no attempt being made to 

keep the acid of the liquor from acting on the iron of 

the digester. By this method the chips were softened, 

but were all very dark and the pulp resulting was very 

difficult to bleach. A test with potassium thiocyanate 

showed the presence of iron in the pulp. Sample 1 shows 

the color of the pulp when partially bleached. In order 

to keep from contaminating the pulp with iron of the 

digester the chips were placed in a three liter flask 

which was placed in the digester. The flask was sur-
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rounded. by a water solution of sulfur dioxide. 

After the cookin g process was completed 

the chips were removed from the di gester, thoroughly 

washed with distilled water, and made into a pulp by 

the action of a ball mill. This pulp was made into 

small sheets on 80 or a 90-mesh wire. The sheets 

were removed from . the screen by means of a felt, 

pressed to remove excess moisture, and dried. They 

were tested for bursting strength using the Mullen 

Paper Tester. A sample from cook No. 13 showed a burst

ing strength of 47.3 pounds per square inch. The aver

age thickness of the sheet wa s .58 mm. As a means of 

comparison for the reader the paper on which this 

thesis is typed was tested. It gave a burstin g 

strength of 29.4 pounds per square inch and has an 

average thickness of .383 mm. A sample sheet of the 

chinaberry pulp from cook No. 9 which had been bleached, 

sized with rosin size, and loaded with clay gave a 

bursting strength of 11.9 pounds per square inch and 

had an average t h ickness of .719 mm. Another sa mple 

from cook No. 8 which was made from pulp alone gave a 

bursting strength of 57.2 pounds per square inch and 

had an average t h ickness of .962 mm. These three sam-

ples were representative of the paper produced from 
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chinaberry pulp. 

The yield of unbleached pulp was deter-

mined on cook No. 13. · The pulp was f il ter•ed on a 

Buchner funnel, partially dried, weighed, and the 

moisture content determined. The result was 63.5 % 

and was calculated on the basis of the green wood 

used in the cook. 

Two samples of paper (Samples No. 1 and 

No. 2) were sized with rosin size and loaded with clay. 

The size was made by boiling 100 grams of rosin with 20 

grams of sodium carbonate dissolved in water (23). 

The boiling is continued until a good emulsion is ob

taj_ned when a little of the size is dissolved in water. 

Only a comparatively small amount of the pulp was sized, 

the experiments being of a qualitative character. The 

pulp was suspended in a comparatively large a mount of 

water (two to three liters), the size and clay added, 

and alurnin~nn sulfate solution poured into the mixture 

until it gave an acid reaction to litmus. The sheets 

were made in the same manner as for the unsized pulp. 



No. Base Weight Am't of Cooking schedule (hours per Degrees Per cent 
in liquor Centigrade) Total Combined 

grams (liters) 110-120 120-130 130-135 135-140 140-- hours 
hours liours hours hours hrurs 

1 Ca 180{~ 3½ 5 3l 1 1 1 10 0.568 4 -~ 

2 Ca 125 5 1 3 3 
4 

2.1. 
4 

2.1. 
4 - 9.1. 

4 1.39 

3 Ca 100-r.- 5 Heating irregular due to 9.1. 
4 - 91=. 

4 1.85 
change of valve on digester 

4 Ca 125i: 5 5 6 - 11 1.276 

5 Ca Ifig 125~~ 5 ;::., 4 5½ 10¼ 1.40 -~; -
6 Mg 125~~ 5 1 1 4 5 - 11 0.62 

7 Mg 150i~ 5.1. 
4 2 2 3~ 3½ - 11.1. 4 1.009 

8 1:g 125.,~. 5 3 :i½ 7 1-t - 13.1-4 1.90 

9 Mg 150 5 2 G 3: ~ 
'...i 3½ - 11.1. 

4 2.59 

10 Mg 150 5 2 2 [1 6½ 111=. 1.81 4 - 4 

11 Mg 30 1 l 11 4½ 4½ - 10½ 1.68 2 

1 
,:; , 

l g.P... 2 11£ 1.84 12 Mg 40 
,_, -4 4 4 4 

13 Mg 35 1 2 4 21=. 
2 2½ - 11 2.12 

•'~Chips were soaked overnight in a part of the liquor. 

TABLE I. CHART SHOVJING CONDITIONS OF PULPI NG EXPERIMENTS. 

so?. in liquo 
Free Tota 

1.182 1.75 

2.55 3.94 

2.79 4.64 

2.044 3.32 

3.51 4 .91 

2.88 3.50 

3.311 4.32 

3.0 4.00 

5.22 7 .81 

6.30 8.ll 

4.23 5.91 

3.22 5 .oo 

4.84 6 .96 

l:\) 

CD 
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SAMPLES OF' PAPER FROM CHINABERRY PULP 

Sample 1 Sample 2 

Sample 3 Sample 4 
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Sample 5 Sample 6 

Sample 7 
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Sample 1 Partially bleached pulp from cook No. 10, 

rosin sized, loaded with a small a mount 

of clay. 

Sample 2 Partially bleached pulp from cook No. 9, 

rosin sized, heavily loaded with clay. 

Sample 3 Partially bleached pulp from cook No. 8 

Sample 4 

Sample 5 

Sample 6 

Sample 7 

giving a paper of excellent strength. 

Unbleached pulp from cook No. 12. 

Unbleached pulp from cook No. 13. 

Unbleached pulp from cook No. 11. 

Bleached pulp from cook No. 11. 
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DISCUSSION OF RESULTS 

The chemical and microscopical analysis, 

together with the experimental pulping of a wood, 

should reveal at least some of the possibilities of 

this wood for pulp making purposes. The moisture de

termination was made to obtain data on the basis of 

oven-dry material. Both woods and pulps are hygro

scopic, the amount of moisture in them changing with 

a change in humidity, and with the length of time they 

have been exposed to the air. This determination, to

gether with the percentage of ash in the wood, has no 

_decided effect on its papermaking value. The percent

age of as h in chinaberry, .288%, is about the average 

found in papermaking woods (13). However, this deter

mination is of value in the analysis of finished papers 

in d etermining the kind and quantity of fillers used. 

Lignin forms the greater portion of the sub

stances removed during the cooking process. ·The aver

age percentage found in chinaberry, 33.73%, was slightly 

higher than the yield in sof~woods used in papermaking 

{13) , although sutermeister (21) gives one reference 

showing an analysis of 33 . 12% of lignin in spruce. 
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Some of the so-called wood gums not solu

ble in solvents such as ether, are soluble in a mixture 

of alcohol and benzene. The gums are rendered soluble 

in the alkaline, or the soda and sulfate processes. 

The sulfite process, being an acid process, renders 

these gums only partially soluble (13). As they must 

be removed it is evident, then, that a low gum content 

is essential in the production of sulfite pulp. The 

analysis shows that chinaberry contains 2.96% which is 

considered a low content (1). 

In removing such substances as lignin and 

gmn from the wood, every possible effort is made to ob

tain a high yield of cellulose, and the purer the pro

duct obtained through cooking and bleaching, the better 

the grade of pulp produced. Chinaberry, containing 

52.27% of cellulose, ranks with the average papermaking 

woods in which the percentage varies from 48 to 57% (13). 

This analysis applied to the unbleached pulp from cook 

No. 12 gave 71.55% based on the weight of the pulp. This 

leaves about 30% of substances other than cellulose in the 

pulp which suggests the fact that perhaps the cooking 

process was not carried quite far enough to re~ove all 

of the lignin and other objectionable materials. 
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The high consumption of chlorine and the loss of 

weight in bleaching as shown on cook No. 11 seem to 

point to the same conclusion, for the two cooks gave 

pulps of similar appearances. Judging by the time it 

took to get a good color, the pulp from cook No. 13 was 

a much easier bleaching pulp th &n any of the other 

cooks. The yield of unbleached pulp from this cook 

was high which gives an indication of a relatively 

high yield conunercially. The commercial yield, however, 

may not reach the experimental value since conditions 

of temperature and acid concentration in a digester 

fifty feet high ca n not equal those in a small labora

tory digester. 

The appearance of the fibers resulting from 

the cooking process is shown in Figure 5. A cross sec

tion of the wood (Figure 3) shows these fibers, the 

true wood fibers and the tracheids, to be thick-walled 

cells in comparison with the other cells. As the cell 

wall is composed of cellulose, the relative abundance 

of these fibers determines, in part, the yield of cel

l ulose . :These are the cells ~hich can best withstand the 

cooking process and compose the greater part of the pulp. 

The more of these fibers that nature can produce in a 
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given length of time, the greater is the value of this 

wood as a source of pulp. Chinaberry, as shown by the 

width of the growth rings, may be placed in the class 

of fast growing trees. 

The pulps produced from chinaberry varied 

with the conditions of cooking. The conditions under 

which each cook was made have been shown in Table I. 

The amount of chips used for each cook was governed 

somewhat by the volume which they occupied in the di

gester. Enough liquor was added to cover• the chips, 

thus following the industrial practlce. The liquor was 

made from both calcium and magnesium bases, as eit~er 

may be used commercially, provided that the cooking 

conditions are carefully controlled (15). Both liquor 

strength and temperature schedule were varied nan 

effort to produce a better grade of pulp. 

In cooks No. 1 and No. 2 the liquor was too 

weak and the temperature was not high enough to produce 

a good pulp. These were the only cooks in which the 

effect of liquor strength could be noted. The pulp from 

No. 3 was of as good quality as any of the first ten 

cooks, but the temperature schedule was irregular as 

stated in the table. However, the length of time which 
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the temperature was maintained at 135 degrees c. was 

probably an influencing factor in the production of 

this pulp. Cooks No. 4 and No. 5 were burned and t~us 

rendered useless. This "burning" was due to an absence 

of bisulfite at the end of the cook (15). Cooks No. 6 

to 10, inclusive, were made in an attempt to i~prove 

the quality of the pulp by the variation of temperature 

schedules. Some improvement was noted in cooks No. 8 

and No. 10 in which the temperature was kept above 130 

degrees c. for' the greater part of the time. Cooks No. 6, 

No. 7, and No. 8 showed no improvement in pulp quality. 

No difference was observed in the pulp obtained from 

the chips which were soaked over night in the liquor 

and from those which were not. This soaking was done 

to insure a thorough penetration of the chips by the 

liquor, but it was apparantly unnecessary as the chips 

were very thin. 

Representative s~~ples of the pulp or paper 

resulting from the various cooks are shown by Samples 

1 to 7, inclusive. The effect of iron in the pulp is 

shown in Sample 1. T his sample was partially bleached 

but samples of unbleached pulp which had not been in 

contact with the iron were of much lighte1') color. 
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(Samples 4 and 5). The unbleached pulp of lightest col

or was produced from cook No. 13. -The fact that fresh

ly cut wood was used in this cook might have had an ef

fect on the quality of the pulp produced. As has been 

mentj_oned before, the pulp from this cook bleached in 

a much shorter time than the other pulps. It was imposs

ible to make a quantitative determination on the bleach 

requirement for this cook as there was but a small amount 

of the pulp remaining after the sample sheets had been 

made. However, the qualitative indications were so 

striking that the possibil ty of an easy-bleaching pulp 

from chinaberry seemed evident. Sample No. 6 shows the 

color of the pulp from cook No. 11, while Sample No. 7 

sho-vw the same pulp when bleached. 

The bursting strength was tested on samples 

similar to those in Samples 2, 3, and 5. These samples 

are probably of different thickness than those used in 

the tests as it was impossible to maintain a unifor~ 

thickness of the sheets. '11 he highest result obtained 

was made on a srunple similar to that of Sample 3. This 

result, together with the next highest which was made 

on sample 5, indicates the possitllity of producing a 

strong paper from chinaberry wood. 
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WMMMY 

Chemical and microscopical analysis, to

gether with pulping tests, indicate the following as 

to the suitability of chinaberry for pulp and paper 

makine purposes: 

1) The lignin content is high as compared to other 

paper making woods. 

2) Chinaberry contains a low percentage of gum. 

3) The cellulose content is about the average of 

that found in other paper making woods. 

4) Bleaching properties and loss of weight in 

bleachi~g give conflicting results. 

5) Fiber length places chinaberry in the class 

of short fibered woods. 

6) The rate of growth is at least six times 

that of spruce. 

7) The pulp yield is comparatively hig..~. 

8) The paper produced gives satisfactory bursting 

strength. 
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