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ABSTRACT

Thla paper shows the experiments and conclusions obtained in the pulping 
process of leaves and cones of the maguey tequilero (Agave tequilana). These 
cones may be considered as an available important raw-material that till now 
has not been utilized for cellulose production. They represent the residuals 

of teqnila production.
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IRTRODUCTIOW

Ip. recent years the lack of celluloslc Material has been increasing and 
this has become a difficult problem for a country such as Mexico which »>«« a 
weak economy and is trying to save foreign exchange by reducing inports. Due 
to the Mexican demand for cellulose which is growing at an annual rate of 
10-15Z and which the national production is not able to satisfy, imports of 
this commodity have been steadily increasing. (Mexico currently imports a 
third of its requirements of cellulosic materials while national production is 
only growing at a rate of 5.6% a year (1)).

A means towards easing this problem lies in research into other sources 
of raw materials for cellulose production. Ihese could be industrial residues 
or raw materials that till now hare not been used. The increasing scarcity of 
fibrous materials and the escalating prices of cellulose pulps (US$ 
480-520/ton) (2) encourage the paper Industry to study the processing of 
agricultural residues which works economically at low capacities. Before the 
present economic crisis these residues were not taken into consideration 
because their use was restricted by economic factors. It is well known that 
the minimum economic capacity for a cellulose plant is 100 tons/day. However, 
in Mexico there are several plants producing cellulose from cereal straws with 
capacities of 10, 12 and 80 tons/day, and most plants producing cellulose work 
below this minimum capacity (3).

Cereal straws and sugar cane bagasse, which is relatively abundant, have 
been employed as raw materials for cellulose production. Sugar cane bagasse 
now represents a partial solution to the problem, 25% of the cellulose 
consumed annually in Mexico is made from bagasse. In some Mexican research 
and development institutions, several other possibilities have been explored 
and according to the:
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- quantity available, growth cycle and humidity contents;
- chemical analysis of the fibres;
- process and conditions of pulping;
- physical and mechanical characteristics of the pulp and legal aspects;

the "tequila" yielding "maguey" (Agave tequilana) was considered to be a 
promising raw material. The tequila yielding maguey is a plant with about 50 
leaves ("pencas”). Sugars are extracted from the cone, the sugar liquor ia 
then fermented and distilled to produce the well known Hexicsn tequila. Cones 
represent the residuals of the liquor production.

Waste material from the processed cones together with the leaves 
abandoned in the fields were used for cellulosic pulping in this study. The 
Agave tequilana is traditionally grown in the Mexican State of Jalisco.
21,000 hectares are presently cultivated and this area coaid be expanded to 
cover 65,000 hectares if the demand for tequila were increased. Approximately 
55 million Agave tequilana aged from 2 months to 15 years are being tended 
(4,5).

PRELIMINARY STUDIES

According to the Wood Cellulose and Paper Institute of Guadalajara, 
Mexico (6), a fibrous material yield of 7.6X (dry basis) from the cones of 
Agave teoullana can be obtained while other sources (7) report that a yield of 
fibrous material of 5% (dry basis) can be obtained.

It has been shown (8,9) that it is possible to o tain 2.28 kg of fibre 
per cone and 2.0 kg of fibre per 50 leaves, therefore the fibrous material in 
a tequila yielding maguey is 4.28 kg. From the fibrous materisl it is 
possible to obtain 43X cellulose (4) i.e. 3.42 kg cellulose from 100 kg 
maguey. However, not all this cellulose could be obtained from the plant for 
two reasons:
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Experiments in the laboratory shoved that the use of leaves to produce 
cellulose is limited due to their high content of fines.

The leaves are left lying in the fields and their collection could 
be expensive.

Takig these arguments into account, conservative calculations can be made 
as follows: cone (85X) and leaves (15X) produce 2.86 kg of fibrous material,
i.e. 1.15 kg of cellulose (43X) per maguey. According to the projected 
consumption of agave to 1987, the tequila production plants are processing 902 
tons/day e* maguey, that is a possible production of 20.7 tons of cellulose 
per day.

EXPERIMEHT

The fibrous material was supplied by several distilleries from the 
Tequila Municipe of the State of Jalisco, Mexico. The "pencas” were cut into 
pieces of 3 or 4 cm width and processed through a Bauer mill. The fibrous 
material from both "pencas" and cones was dried, exposed to the air and mixed 
into a ratio of 85:15.

Chemical analysis was conducted according to TAPPI (Technical Association 
of the Pulp and Paper Industry). The results are shown in Table 1 which also 
includes the analysis of bagasse and soft wood by way of comparison. Table 2 
shows the size of fibres, also in a comparative form. The Bauer Mc-Hett fibre 
classification is given in Table 3.

According to the chemical analysis data two types of variables were 
selected:

a) Independent variables
- time
- temperature
- liquor percentage
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b) dependent variables
- in palp:

kappa norther 
yield

- in liquor:
pH
spent liquor

Table 4 shows the experimental conditions for the best runs. Pulping 
with soda was the process selected in accordance with the data reported in the
literature. The pulps (runs Ho. 8, 9, 21 and 22) were selected to make paper,

2according to TAPPI atandards (69g/m ), and the pfaysical/mechanical 
properties were evaluated. The results are given in figures 1-5.

RESULTS

The chemical analysis of bagasse and the cones from the Agave teoullana 
give similar results. However, the values of extracts, ash, and solubility in 
soda of the leaves ("Pences") are higher than the values of bagasse. For this 
reason the mixture was prepared from 15X leaves and 85X cones. The soluble 
material found was quite high. This Implies a higher reactive consumption, 
loss in yield due to solubility, partially cooked pulp, etc. Due to the 
nature of the fibrea derived from the leaves, a reduction of the 
physlco/mechanical prcperties was observed. Table 5 gives a comparison of the 
properties of paper made from bagasse and the best agave pulp.

The tear and fold factors could be considered as excellent when compared 
to the values obtained for sugar cane bagasse. The explosion factor and 
breaking length were found to be under the proposed values.

COHCLUSIOHS

From this study it may be concluded that it would be possible to Install 
a cellulose plant using cones of the Agave teoullana. An important aspect 
that must be underlined is the ease in collecting the bagasse cones from the 
tequila Industrial eenties located in the region of Tequila, State of
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Jalisco. This means there is no collection problen mm, for example, is the 
case with the Water hyacinth ft<eM>omi a  crass Ires). The bagasse cones can be 
sent directly to the cellulose unit. Impregnation effects could be considered 
in order to hare a shorter cooking tine and better yields. The leaves can be 
used only in a snail proportion because their use results in a decrease of the 
pbysico/nechanical characteristics. Considering the value of the breaking 
length, it would be necessary to add 20-25X of conifer cellulose pulp to the 
pulp obtained fron the Aaavc tequilana while it is in the nixing tank of the 
paper nachine in order to obtain better paper characteristics.
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Table 1

CHEMICAL ANALYSIS OF FIBROUS RAW MATERIALS

Chemical Composition ________Cane Basai■ae (Sources] Leave Sugar
Tototlan La i a Teouila Sauza

Bagasse
• (Penca) Mixture

Cane
Basasse Soft Wood

Cellulose X 47.80 41.13 44.31 46.75 42.18 43 47.0 51.0
Lignin X 23.24 21.75 19.63 20.58 13.99 20 18.0 28.0
Extracts X 13.99 7.06 9.39 11.31 25.96 13 7.0 5.0
Hemicellulose X 14.91 30.05 26.05 21.35 17.86 20 28.0 18.0
Ash X 3.06 2.35 3.42 3.36 11.37 4 1.6 0.4
Solubility X 
(HaOH 1 X)

32.56 24.61 31.31 22.85 55.75 32.0 30.0 18.0



Table 2

Dimensions of fibre«

Agave tequilana
Dimensions in mm Leaves Cones Connifer wood sugar-cane bagasse
Lenght 1.46 1.71 3.50 1.8
Diameter 0.031 0.022 0.035 0.018
L/D 47.5 77.7 100 100



TABLE 3

BAUER-McNETT CLASSIFICATION OF FIBRES 

(MIXTURE)

RETENTION X

MESH Ho. 10 52.84
MESH Ho. 14 5.49
MESH Ho. 28 4.37
MESH Ho. 200 10.26
SOLUBLES 27.04

COHDITIONS 

580 rp*
20 Min
10 g of dry fiber





TABU <l

COOKIRG COHDITIOH 8
TEMPERATVRE oc 160
TINE Min 40
COOK LIQUOR IR MIXTURE X 10
1IQU0R TO MIXTURE RATIO - 4:1
CORSISTKRCY X 26.2
C00KIR6 RESULTS

TIELD X 56.65
KAPPA HUNBER 106
C.S. FREEHESS Ml 336
SPERT LIQUOR X 0.44
IRITIAL pH - 13.0
PIRAL pH - 8.4



EXPERIMENTAL RESULTS

RUN No.
9 21 22

170 170 160
50 20 20
15 10 10

4:1 4:1 4:1
31.1 28.75 27

59.80 63.36 70
104 108 109
464 408 431

6.02 1.77 1
13.0 13.3 13
10.4 9.5 9

VO



TABLE S

PHYSICO-HECHANICAL PROPERTIES

SUGAR CANE BAGASSE
(FREENESS 300-

BURST FACTOR 20 min
BREAKING LENGTH 4000 min
TEAR FACTOR 30 min
FOLDING RESISTANCE 50 min



AGAVE (RUN 9) 

(FREEN3SS 300 ml)

136
3300
64
132
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FIGURE S


