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LESSONS

Lesson 1 The history of papermaking
o4z 00k d

Paper derives its name from the reedy plant, papyrus. The
ancient Egyptians produced the world’ s first writing material by
beating and pressing together thin layers of plant stem. The first
authentic papermaking originated in China as early as 100 AD, uti-
lizing a suspension of bamboo or mulberry fibers. The Chinese sub-
sequently developed papermaking into a highly skilled art. Aftetr a
period of several centuries, the art of papermaking extended into the
Middle East and later reached Europe, where cotton and linen rags
became the main raw materials. Paper was first made in England in
1496. By the end of the 15" century, a number of paper mills exis-
ted in Spain, Italy, Germany and France. The first paper mill in
North America was established near Philadelphia in 1690.

The development of the paper machine is the most important
milestone of the industry. Louis Robert, working at the paper mill
owned by Ledger Didot, made his first model of the continuous pa-
per machine in 1796 near Paris and received a French patent for his
machine in 1799 at the age of 37. In 1803, a patent was issued to
Fourdrinier brothers for the improved continuous paper machine de-

signed by Bryan Donkin. At about the same time, John Dickson, a
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colleague and friend of Donkin, was working his cylinder machine,
which was refined by 1809.

In 1840, groundwood pulping method was developed in Ger-
many. The first manufacture of pulp from wood using soda process
was patented on July 1, 1854 to an England inventor named Hugh
Burgess. In 1867, a Philadelphia chemist, Benjamin Tilgham, was
awarded the U.S. patent for the sulfite pulping process; the first
commercial sulfite pulp was produced in Sweden in 1874. C. F.
Dahl is credited with the development of the kraft (or sulfate)
process. The precursor of the kraft process was originally patented
in 1854. A later patent in 1865 covered the incineration of the spent
soda liquor to recover most of the alkali used in the process.

These inventions and pioneering prototypes provided the basis
for the modern paper industry. The twentieth century has seen the

“rapid refinement and modification of the early and rather crude tech-

nology, along with the development of such techniques as refiner
mechanical pulping, continuous cooking, continuous multistage
bleaching, on-machine paper coating, twin-wire forming, and
computer process control .

Words and Expressions (1)

paper 4K, 4Kk

papyrus ZKIE

beating 13K, 13T

pressing M, EH
papermaking ¥&4K, #P4K

fiber £4k

paper machine (PM) &4kHL
groundwood pulping @*%ﬁ'ﬂﬁ
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9. soda process BEREFIIK B

10.
11.
12.
13.
14.
15.
16.
17.

sulfite pulping process WAL K B

kraft (or sulfate) process HEREL I
refiner mechanical pulping & BEYLFI3E
continuous cooking JELERE

continuous multistage bleaching LBEZLEH
on-machine paper coating HLIN4ETKIEAR
twin-wire forming XM EIE

computer process control T E LT FREH



Lesson 2 Fibrous materials of papermaking

Theoretically, pulp fiber can be extracted from almost any vas-
cular plant found in nature. So far, wood is still the most abundaht
source of papermaking fibers. Besides, about 10% of the fiber used
to make paper each year worldwide is from non-wood plant, inclu-
ding straws (wheat, rye, rice, and barley), grasses (bamboo,
esparto, and papyrus), canes and reeds (bagasse, corn stalks, and
kenaf), bast (flax, hemp, jute, ramie, and mulberry), and
seed hairs (cotton). Non vegetable fibers such as polyethylene and
glass fibers are also used. In recent years, secondary fiber utiliza-
tion is increasing at a rapid pace.

Botanically, woods are classified into two major groups: soft-
woods or conifers and hardwoods or broad-leafed-trees, either de-
ciduous or evergreen.

The vertical structure of conifers is composed almost entirely of
long, tapping cells called tracheids. The wall of a typical tracheid or
“fiber” is composed of several layers. The middle lamella with very
high lignin content separates two contiguous tracheids. Each tra-
cheid has a primary wall and a three-layered secondary wall with
specific alignments of microfibrils. Microfibrils are bundles of cel-
lulose molecules, and their orientation can influence the characteris-
tics of a pulp fiber.

The principal vertical structure of hardwood is composed of
both relatively long, narrow cells, called libriform fibers, and
much shorter, wider cells, called wvessels. Hardwood also have a ver-

tical parenchyma system and a horizontal or ray parenchyma sys-
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tem.

Generally, softwood has higher amount of fibers while hard-
wood has higher percentage of vessels. Softwood fibers are more
than twice as long as hardwood fibers.

Technically, wood is xylem tissue, which consists of cellulose,
hemicellulose , lignin, and extractives , hence a lignocellulosic mate-
rial. Sapuwood is the outer part of the truck and contains some li-
ving cells. Heartwood is found in the center of older trees, contain-
ing only dead cells, and is generally drier than sapwood. Each annu-
al growth ring contains eariywood , which is characterized by large
cells with thin cell walls, and latewood , which is characterized by
small cells and thick walls.

Some of the important pulping variables of wood and wood
chips are: moisture content, specific gravity, tension and com-
pression strength, bark content, chemical composition, wood
species, chip dimensions, and length of storage.

Words and Expressions (2)

straws ﬁfﬁ%
wheat /N

rye BFE

rice A

barley K

grasses R
bamboo ¥

esparto PUBEF B

. canes and reeds REFER
10. bagasse i

11. corn stalks FERKZEFF



12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

kenaf ¥ERK

bast FIEAE

flax JEBK

hemp KK

jute K

ramie %K

mulberry A

seed hairs FFER
polyethylene B ZM&
glass fibers B4t
softwood - KA, £t A
conifer A, £ K
hardwood BEA , A
broad-leafed-tree W& M4
tracheid M

middle lamella 6]
lignin K#

primary wall )4 BE
secondary wall KA BE
microfibril fH&F 2
cellulose #F4EE
libriform fiber ¥ 41 4k
vessels S
parenchyma system JHREH LIRS
hemicellulose 44X
extractive THiRY
sapwood  FIHF
heartwood Lo#F
earlywood F-#f



41.
42.
43,
44.

latewood B4
moisture content K4 HE
specific gravity HHE

tension and compression strength

YUK SHURREL



Lesson 3 Pulp and paper properties and testing
&3 5t R B R

A large number of pulp testing methods are in common to char-
acterize pulps with respect to quality, processability, and suitability
for various end uses. The most “fundamental” measurements pro-
vide the means to predict behaviour while “functional” tests are de-
signed to measure specific properties.

The kappa number test is used in mill control work to indicate
the degree of delignification occurring during cooking and the chemi-
cal requirement for bleaching. A good indication of cellulose degree
of polymerization (DP) can be obtained by measuring viscosity of a
cellulose solution of known concentration using cupriathylene dia-
mine hydroxide (CED) as a solvent.

Pulp drainability is an important property with respect to pulp
processing and papermaking. Measurement of pulp drainage are
known as freeness, slowness, wetness, or drain time according to
the instrument or method used. Freeness and slowness scales have
an inverse relationship. The Canadian Standard Freeness (CSF)
tester and the Schopper-Riegler (°SR) slowness tester are two prin-
cipal drainage testing devices used respectively for these two proper-
ties in North America and Europe. To simulate the type of drainage
with microturbulence and oriented shear, the Britt dynamic drainage
jar was developed for studying stock drainage phenomenon under
conditions more closely approaching those of the paper machine.

The wide diversity of paper grades with different functional
properties necessitates a multiplicity of paper test methods. Some
basic properties are important for all grades such as basis weight or
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grammage and caliper. Others are specifically developed to asses the
performance attributes of speciality products and their application.
Since paper is a hyposcopic material and will seek equilibrium
moisture with the surrounding air, paper samples must be condi-
tioned in a standardized environment to obtain reproducible results.
Due to the “two-sidedness” , the wire and top side’ s properties must
be taken into account for certain end uses. Paper has a definite
“grain” caused by the greater orientation of fibers in the machine di-
rection and by the stress/strain imposed during pressing and drying.
The directionality of paper must be also taken into account in mea-
suring physical properties. The physical tests on paper can be conve-
niently divided into four groups: mechanical and strength properties
(tensile, burst, tear, folding strength, stiffness, softness, etc.);
surface properties ( roughness, pick strength); optical properties
(brightness, opacity, gloss, color); and permeability to fluids
(sizing degree, oil resistance, air resistance, and water vapor
permeability). Paper chemical properties are important for certain
grades of paper such as photographic papers, reproduction papers,
anti-tarnish papers, safety papers, electrical papers, food-wrap-
ping papers, and any paper requiring a high degree of performance.

Words and Expressions (3)

kappa number F{A{E

degree of polymerization (DP) RE&E

cupriathylene diamine hydroxide (CED) i & & 8%
Canadian Standard Freeness (CSF) & KARAENF 25
Schopper-Riegler slowness ¥ B (°SR)

basis weight E&

grammage 5% 8



