


WRERE I XKIE

ReEp E4p
wRE TR

¥ A5 Z db 8 R



B # R & B (CIP) B iE

SR EEE DS/ ReF LR . — L. PES
Ty R ,1997. 1 EHE!
ISBN 7-5019-1710-8

o e Do 3K WL RE-BEFEY. EXKT
N.H319.4:TS

FRERARBE CIP BUIEBEF(96)5 09579 &

o 452 Tl AR AL IR
EERTHRKERH 6 )

R BRI R PR
FEBELRRTHES
SHFERELE
850X 1168 #Ek 1/32 EN¥K.13.875 F#.444 TF
1994 4E 8 B 25 1 AEE 1 ENR
1997 4E 1 A 45 1 S 2 IERR
E¥L.3001—6000 EH 28. 00 7T



SELECTIVE READINGS

ON
PULP AND PAPER
MAKING

Light Industry Publishing House
' Beijing



it

Bl

ATHRREERE L REBEM T KERKITIEE TE
ERHTE, BELETEFNHENTEIRER, 446
FEERK WEZRFERL, RETEXAEESTHEERITE
E¥IMBE, NESTHEERTULBEHANGHRE
HL W HEEF),

AHF BT, BIETHIENZTF R EXAE
AL IRCHER RN SR 3. WAk R e SR
WIHEREYT., RIAFEMHREA¥EHENTZRE
I wmEERN . ZBRRETHINCEREER. BEHAEHE
M E FEIBENI 3000 B &AM R EEE LEBEHKIE
1500 &4, HEIMAERBUT HME.

AHHEHEBMESET JAMES P « CASEY (¢PULP
AND PAPER CHEMISTRY AND CHEMICAL TECH-
NOLOGY )R HN A  BRiIFRMEAHERERMERE).
PEWEHOCENER TR EBEMEE.

AEHKEFEE SR, INETEEH, TEMESMT
KRET/E, 2 PHBBEZFR., A BELRZAWEERHE
BREVERBEHMER, T EERIZFTEAERNEL. %
EdBRBAERERNESMER, EHEREOBREH

wm E



Lesson One

Lesson Two

Lesson Three seseessecssrstestssrnosastssnasisnessosces
LesSon FOur  seeereescssssssssereernncsssoasassarassss
LeSSON Five reeeveeeseartustcsstorsenrnecsvinacssessesses
Lesson Six  reeereressssseosessiaiecenass

LeSSON SEVEIL rssesesesssesettoarnncsanssransesesssess

Lesson Eight sreereesesercncnimnmmienieenan

LeSSOn Nme tasasesrevennsraNe s

Lesson Ten reeseee-

Lesson Eieven R R R PR TR

Lesson Twelve «teeecesrscttostaacecnssnssianssnsnane

Lesson Thirteen

Lesson Fourteen

Lesson Fifteen cseeesseccresctcnuassinuscrctnnarsscnnes
Lesson Sixteen L N R PR Y RN

Lesson Seventeen seesecereescccssccsscssccnes

Lesson Eighteen

Lesson Nineteen

I_,esson Twenty R R R R TR TE)

BHE Y e enenee
BT E- ceoaiean
i % — ﬁﬁ@%mmﬁm

BRET RN GGG

- 13

24
34
44

- 53
+ 62
- 72
- 82
ee 90

99
109

+ 118
- 128

138
150

- 162
+ 174
- 185

196

- 209
- 276
ee 297
- 371



Lesson One
Text
Molecular Structure of Cellulose

Cellulose was first isolated and recognized as a
distinct chemical substance in the 1830s by the noted
French agricultural chemist, Anselme Payen. Payen
concluded, more or less correctly , that cellulose
and starch were isomeric substances because both
had the same carbon and hydrogen analysis and,sub-
jected to hydrolysis, both yielded D-glucose . Yet
the passage of nearly three-quarters of a century
was required before the precise empirical formula of
cellulose was established as (CgH;00O;5) x. Results
from earlier studies on acetylation and nitration had
indicated that cellulose had three free hydroxyl
groups per (C4H;00s5) unit.

The next major question in unraveling the over-
all structure of cellulose was to determine if cellu-
lose contained only D-glucose units or if it consisted
mainly of D-glucose units with trace amounts of oth-
er sugars. When cellulose was hydrolyzed directly
with acids. over a 90. 7% yield of D-glucose was ob-
tained. This was good evidence that the only repeat-
ing units in the cellulose polymer were anhydro-D-
glucose. Even better evidence was obtained when
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the cellulose was initially converted into cellulose ac-
etate and then hydrolyzed to a mixture of methyl
glucosides. With this procedure, over 95. 5% yield
of a crystalline mixture of methy! e-and B-D-gluco-
sides was obtained. The reaction is shown below:

CHOH CHR0H
acy0 MeQH/ HCL Aoy . '_o\pc»s 5
Geollulese  — —+ Cellylose ——— OH OH )
Oz'C'z tracetale HO OSCHS HO

The next step in determining the overall struc-
ture of cellulose involved determining how the anhy-
dro-D-glucose units were linked together. To deter-
mine this, samples of cellucose were methylated and
then hydrolyzed to the individual monomeric units.
The position of the methyl groups in the hydrolyzed
units corresponds to the position of the free hydrox-
yl group within the cellulose molecule. The major
product obtained under these conditions was 2, 3,6
tri-O-methyl-D-glucose, the formula for which is;:

CH. OCHS
methylated H*HZO
celiuk);se - Hy JHOH
HO
OCH4

This formula indicated that the free hydroxyl
« 9.



groups in cellulose were located at the 2,3,and 6 po-
sitions and that the 1,4,and 5 positions were linked
by chemical bonds. The two possibilities are a 4-O-
substituted D-glucopyranose or a 5-O-substituted D-
glucofuranose. Further structure investigation set-
tled the problem in favor of the pyranose form. The
final question was to determine whether the linkage
between the units were o or B. Evidence on this
point came from experiments using partial acid hy-
drolysis of cellulose. This treatment converted cel-
lulose into a series of cellulose oligomers, which in-
clude cellobiose and cellotriose. Their formulas are:

CH_ (K OM HZOH QM CHZOH

2 ¥ ()

ho . o]

" 0- {>H,Oﬂ - KGOH @ o ~0\,H.0H

HO X O HO o 1/
OH CHZO‘H OoH CHZOH OH

Celtobiose " Cellotriose

Structural studies of these two compounds indicated
that the linkage connecting the individual units was
B. Therefore, cellulose is a linear polysaccharide
consisting of anhydro-D-glucopyranose units linked
between the 1 and 4 position of adjacent sugar units
by a B linkage. as shown below:



New Words and Expressions

molecular [mou’lekjula] 4F iy

cellulose ['seljulous ] 4%

isolate ['aisaleit] DRE, MMy @ <Ww2> #i4%;
@ <> B

distinct [dis'tinkt ] O #8, HHK, HBH Q& N, HEFOR

' Eili)

isomeric [aisou’' merik] (A4 R &K

carbon ['ka:ban] g

hydrolysis [hai'drolisis | k#

yield [jild] &%, Wik, i) BE

D-glucose [dii' glukous] - %1%

empirical [im’prikol] &5y

formula ['formjule] Ax; k%=, BH

acetylation [eesiti’leifon] ZBtfk (VEAD

nitration [nai'treifon] #44k (f£ HD

hydroexyl [hai'droksil] ##: 8

o4



unit [junit] B4 M BE BB

unravel { an'reeval ] @ @F-oe %,/ WY ek
sugar ['sugo ] %

polymer [ 'polimo | B4%

anhydro-D-glucese [en'haidrou di:'glutkous] % k-D-#% 1%
acetate ['asitit | BEmsh, BMAR; BEIRIR(E)

methyl ['mebil | #31y

glucoside ['glukosaid ] #&w®

procedure [pro'si:dze] B, F4

crystalline ['kristolain] $§1;: &M

methylate {'mebileit ] F3; BRMmY

monomeric [ mona'merik ] Hikay

chemical bond ['kemikal bond ] {p2z4

substitute ['sabstitju:t ] BELH

D-glucopyranose [ di:gluka’ pironous] D-ilk i % &4
D-glucofuranose [di:gluka’fjusronous | D~k i 3 B & 4%
pyranese ['pironouz] uyWsky, Mm% iy

linkage ['ligkid3 | &4, @4

oligomer ['oligouma]] %%

cellobiose ['selobaios] 4% — 4%

cellotriose ['selotraios | 44 =%

compound ['kompaund] %4%:8 4,84

linear ['linia] AR, &M

polysaccharide [poli’sekoraid ] £

adjacent [o'd3eisont | B A, BEH



Notes

1. Payen concluded, more or less correctly , that cellu-
lose and starch were isomeric substances because both had
the same carbon and hydrogen analysis and,subjected to hy-
drolysis, both yielded D-glucose .

X B—& &4, more or less correctly &3 A 15, that 5|
BHERENG, HPEH because 51 FHRERIENT,

2. The next major question in unraveling the overall
structure of cellulose was to determine if it consisted mainly
of D-glucose units with trace amounts of other sugars .

A} ¥ 8 in unraveling the overall structure of cellulose
BTG, H¥BMEIE question; M to determine H 15— HE
SRR NAAEREBERE.

BiERARTEE

(—) Wik

HRR-MiES Rk, REREREAZNER, AKX
EHESEREE, IERERFZLF R LEMBNEE
BENNA, A BEFETEWMEERENANEERHE
FRHEW, FERG Y IR AR E B g AR b, B UL FAREF
3% FAAS B V5 5 90 B SO T M 4 ik i ok ‘

BRUFRBFHEATE. —REGE. — BEEZHN
Rgs, TEAEFTRESR, B350, FEERE
BEEE, AAESERNBENEETR, BERERRAN
ERRBT LR, BEEE, BENGRAEUTHEIE.
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% FEEIBEFEICWIET, FT 5% R4
P2 AUFE AR M5 R A AT 2 4 M 0 e A

8 DB E LA, W ER A RS DUE R
FikEE, JIREIR S E, REZFEILIE.

(2 BFELE

HEFGER Bk, ERESBRTEERER. X
Sray 10 R 1 2

1. BB B

EEEE K, BAMERRBEERE R, 23X
EEINVMEER, RAERN. 20 . BRBER, FTEH
P, RSO T, ER AR, RINEE, 41
BREEUBE, HEILAR, BEAFH. B0 parallax X4
W, ERFFTEFREEHNL”, MTEYEFTEEED
£, EREFTE, BHRBEBER. Flin: “dual vector "iXA
FH, BF LS XRHEHE”; MEYELH S XE
“REK”, FERERIEPXIAMELSELE, BN —2
EAPFNAERESY, ATHEIREXERYRB T HEE A
B, REBETFHIE, SULSFRKRE, RXETH.

2. Rk B

FKERBEHFR B IOE, f@Bé’éﬂﬁTﬂgﬁﬁ?WﬁE
FAUR e, 735 0957 SR B T 3 A SR SR i U0 R BE AT X
ERERARE. R IE T AR RSO A B8 A8 R % B DUR
ik, IR EEA B IF B, B 40 : Matter is anything having
weight and cccupying space . X AR MR R B L FE LW
B, TEEYRERAERMSROEMEAT”, A LRE
THEIXRE, BUFER: “EYREAFEEMEESE
VB BRI S B RG. HEXRERRERT

T



ARBEIHAESN, ERETERAMELHDERRIE.

3. BB Bt

BEH BRERSRENE—SHE, BUEIXANEH
—EBRLURMECETH—SEROGE . XTI BEEX
BXHATHATEOBE. F—, BXETRERLTRLE
REENHE. BERREXEAL BE.BH. L. 8F%
FTEHAELER: BXNBR. AKERNAELERN; #X&R
HHRARSEBTERLR. £, BXNRETERTALE
h, HEBRFBRE SR,

ATHRRERXHRRELS, AR ELRP, NETHEF
2T AR

OEEEFRER B, SEECRBTENAL. &M
B2, RE—THXTLAR, REFEFEE.

QBIEMBIAEBN AN ZBRINERRT LU HE
BREEERE, RE4LZHRT VAR A ERERNL,

@B ER SR, BRENL ARFBER, BXBRSH
¥, ZEUH, XFERE, FOERGE, AXINBELR.

OEENARZRZMMILE, MIKER LT XHEK
R, BREIGERE .
_ ® & 3 Bir i B 114 [0 445 xof ek G S RV, (IR E FE

BEESCRT, MR EBEIGENEL—H.

Reading Material
Cellular Structure of Cellulose

It would be impossible to understand the chemical reac
tions occurring in the pulping process, accotint for the phys-
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ical properties of wood, or even fully appreciate the complex
process of biogenesis without some understanding of the ar-
rangement of cellulose, hemicelluloses and lignin in the cell
wall. There are several excellent monographs and articles in
which the subject is presented in great detail. The present
discussion will briefly cover some features relevant to the
pulping of wood.

Plant cells are distinguished from animal cells by the
presence of true cell walls containing polysaccharides as the
major structural material. Cellulose is the major structural
component of plant cell walls. Tt exists in the cell wall as
long, thread-like fibers (microfibrils). The cellulose mi-
crofibrils in mature wood cells are embedded in a matrix
composed mainly of hemicelluloses and lignin.

Electron-microscope studies of mature wood cells show
that they consist of several layers of cell wall surrounded by
an amorphous, intercellular substance (1). A simplified
drawing of the organization of a typical softwood tracheid or
hardwood fiber is seen in Fingure 1.

Between the cells is a region , called the compound
middle lamella, that contains mainly lignin and pectic sub-
stances. The primary wall (P), which is only 0.1 to 0. 2 pum
in thickness, contains a randomly and loosely organized net-
work of cellulose microfibrils embedded in a matrix that for
many years was considered to consist of amorphbus pectins
and hemicelluloses lacking structural orientation. However,
Later studies have shown that the hemicelluloses are partial-
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ly oriented. Immediately below the primary wall is the sec-
ondary wall comprising, in fact, nearly all of the cell wall.
The secondary wall is divided into three layers called §,,S,,
and S;. The outer layer of the secondary wall (S;) is 0. 1-to
0. 3-pm thick and has a cross-hatch pattern of microfibrils.
The S, layer of the secondary wall is 1 -to 5~-um thick and
accounts for the major part of the cell-wall volume. The mi-
crofibrils in this portion of the secondary wall are oriented
almost parallel to the fiber axis. In the thin S; layer (0.1
pm) the microfibrils form a flat helix in the transverse direc-
tion. The innermost portion of the cell wall consists of the
so called warty layer, most likely formed from protoplasmic
debris.
Figure 1. Simplified
structure of the cell
Secondary woll wall of a softwood
tracheid or a hard-

Secondoty wal ({/| N wood fiber

intercelluior
substonce [
1
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New Words and Expressions

cellular ['seljule ] #5R Ay
pulp [palp] #%
biegenesis [baiou’dzenisis] A B2
arrangement { o' reind3mont | ¥, #5| ; B &, L H
hemicellulose [hemi’seljulous’] R 448
lignin ['lignin] &%
monograph ['monagra:f ] 8,3
relevant [relivant | #1880, RE R
plant cell [plaint sel ] &% 4 i
cell wall [sel worl] 41 pues
thread -like fiber ZR:jR4F 4
microfibril ['maikrou’faibril ] #4224
embed [im'bed ] i, A
matrix ['meitriks | # R FRERA EH BERAOKE
ek BE I
amorphous [o'moifas’] FEHH
intercellular [inta’seljulo] a2/
softwood tracheid [softwud tro'keid] # A&
hardweod fiber [hadwud faibo] B A& 4
lamella [lo'melo] fiEE,; WX, ¥R MK
pectic ['pektik ] 2 g
primary wall 474 B¢
network ['netwok ] MR Y
pectin ['pektin | S
orientation [ o:rien’teifon] &8, EHL
v 11 -



