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Effect of Lignin and Hemicellulose Contents
of Pulps on the Strength of Handsheets

By

Kiyoshi Kawask,
Yutaka SawApA and Shozo Wapa
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ZIEMOBIDHZITDOVWTATEH, BLCHMBEDORHE LEBHALLH VT L - TERS
haa, chbhi#f#ntkoms, B, KRS, REORKRE, >~ rFhToEFIRELRES
BORFIFEIRTELD THETHLMD, BHLICY F=ve~itie—-ADPE
HLHNLILEVRETHILLTH L,

KB OEN D 2D & ARMIARBEIZ A 8 —~ADD R > T VB0, BSHiko®E
AT ot b REAEBELL YLD A —ATHDH, CHICHETSY 7=vi~
e —ADWRELERLURIAL OMEER TOFHREBLHBET D, cbx
(X KP & SP oL, Fho ORS#EEY BT 120 TSR T 2 LW
ThHoT, V=~ ern—ADSHK, WESIVHHEBLACTSC LR
S THBTE LY, ~ Y 7= ViIdEKETR WD LBREET 5 LB OEE
HETXE, Licd-> T 7RMELAL, ShrbED I RLBMRE &% D,
TOREREBEEDOPIVBEDE DD LD,

=i~ e r — AOBERSRIEBEZIRL 2 LRSHIMDRHLR T2,
Ihb~itwae—A0RREY 7= vORRLOMEEOBEMEICOVTRB LT DX
T, EEEIN TV BIV P F=YHDOTATAY FAAL TV, BERRY
—AHBCIBRY F=vE, ChEBTFLTEIDHA I e - A0RBEHEFL, X
LIy Z=2v B LEEY 7= vEFROVWbPLke i~ AL T L BEDOL Y
5HaAY— X CHEL CTBEHIE~I e —-A%REL, BE~Itle—20HE
LHEOHE L oBRICOWTLBAE L, 2hb 1957 i fTh - ERE L LT L,
B~ v n — 2AOBREROSIT-CRERE OBEMSIC & 5B OW- THENT
FERE TRV LD ELDTHRETSHZ LI LY, HBEOSFITY » TLHIABE
REWHBF=LRROHFEP L 2 0 LT L THELRT 2,

L’ H

EEZH\ 7 5 <= (Larix leptolepis GORDON) ¥ L O¥ + ¥ = v (Abies sachalin-

E1E R ot
Table 1. Samples
[ o7 TV rF Ty
Wood species Larch Fir
m % e REER BB EHE AR
Localit KEREH P X, 23 RBE
~ y Sapporo Tomakomai
51 ¥ Age of tree (year) 20 40
5] % Hight of tree (m) 9 12
s B E &
Diameter at breast height {cm) 15 2
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ensis MAST.) 31 XD L5 THBH, hLBHMORWEME,AHRE 2em, E 2cem, &
X202cm OF v THFBL, —Hr L T Wiley mill ©hF THEEL, 40~60 % » >
2D H AR LB —AD, 60~100 £ ¥ ¥ 2 DG X OMOBSF OFHTT 7,
BROETEBIBIEDOL > TH B,

B2Ek 7o TORSEK
Teble 2. Chemical composition of the chips (%)

[} b H 5 = v PR =y
Wood species Larch Fir
K v . o
Ash 0.29 ‘ 0.19
Wl
Solubility in
Cold water 2.3 3.4
R S
Hot water 7.3 5.1
1% NaOH 19.3 15.3
TNV Y ~
Alcohol-benzene 2.9 5.6
AR AR — A
Holocelulose 64.7 718
C:B-1 v —=x
Cross & Bevan cellulose 49.8 52.1
v by
Pentosan 11.8 14.1
Lignin 316 2.1
ignin
2. R A E

a. YSZUEARROIERBNILTEEOREN

Fy 7HRBBAT ALV - F7r4 7 v —2—2 AR L, LEOARE
IR 250 g HME, BTAAS UL 10 kg/em®-3 43R, MRMRE 10 kg/em?-2 S REITH -
e, ek F v TOKBPEHAFT =Y 55%, FF<wY12% THote, &5 LTHEBRISL
Th8Hy rDT7 5y FAZ ) -V TREELL,

DT ARRED OFRMCHE > T4% BEOKERE L VI BERE ¥ ~ 5% 2L 7T
X}LEehE£h 16, 28, 46, 70, 94, 175% pnx, EEMEURINE 5 ml/l, RE 80°C T 2 B
FREL THDH, RPCKELE, ThALDO A ThbiEE 3g HYELY L > THHAOT
TEBRYH, 15X20cm ORFEETE L %, 2 Tx bhicES 5kg/em? T 10 4
HipEL, 105°C T 20 FHEHE L, hboREIEMEBRECHET 2 L3, —%
IR EE 20°C, B 70% Ji 12 B & E L T bR IRBIC L,
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b. AT ERIA-REFEDZ BB/ THEORE

BT ATA vy FAL T2 HEREY — S TARL, BY F=vEFR0 LT (
S<YDBREY F=2vEER3T%, b F=VOBE 45%) #FBL, chizFhFh 02,
1.0, 20, 50, 100% BEOH 1 ¥ — FER Y L TBE 3% 25 L 5Tk, 20°C
T2HMME L Tho, K, 10% BelE, KDOMEICHEEL T, ~I A r —AB IOV b4
VERROI LB AN TERRB L, R~ ern—ARFRE, S ThoY s
VELD -t r —AEFERYUEL T, 2EABFIETRLE, 25 LTHBLAR
SAATDATREARICHRELZ AR L, KRR LORAOBEMBEC L 28R L,

. NATEEESOER '

BEHOTE X TIMELL®®) O HBEICH - T2ED L 5127l -7z, 100-mé D=F7
A2 02g DRABE LD, 2% BilE 1.8 ml %z 30°C T 1 BERl—KIKZAEL,
ZHEKS0 mé i, WEAA—~ 2 v —7hC 1kg/em? o 1 B =%k K5 a7
Iote, PREX1GA4D T AZ7 a2 —TH@L, REYHENE SR THEEYAE
Lo, —HEWIKBEE Y v ak iz TpH 4 £-CrhfL, EHO5H TRz Th
B, 50°C T 1mé 12/ 5 TEM LA, CHICEBOEK= &2/ -1 &z, BOKE
HREER No. 5C B TRE, BERIIABL THoEoRBIC L1,

BB XK A% AT TFRERET 8 B gl LA 15X 28 cm DO H K No. 50 »
Auvte, ZOEEICE LFCARLCX ST, mumcery4 PR, ZoOMIc 2cm H

ISem RTHREAY 107 26 HFToT, Zh
Z Dn-7827—1Y vk (10:3:3),
2) BEfE —~ L -HEEE-K (9:2:2) o 2 EE
FHAGCREH L, BEILER - HERHE
BT, DoB&IR4E, 1E#H8M, &
Ft 32~35 B5R, 2) OoBFR T E, 1EY
4 W, & 27T~2985RTH - o,

BEOMK @KL, #1 FHELT
MmAaAbErhfh 32cm DA MY v 7%
Yo &v, 0-73 /7 7==—-13g, 8%

e 1.3 mé, KEEM 100 mé # il %r

L B e \ A7 V= UnEL THMA I,

ZCM\?.JS 7 7 7 25 2 |)em VHED HA F e B CE R E RO
e e YT 2BS %90 L0, MBI LTHD 7

1K B oOR—-A—-r =}
75 7PN na—A+#3 272 b—A(1)YDEFE]l &7

LtREXER

23¢m| 28¢m

TR R p—
. & T
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NaA=A+HF 7 r—~A+<v/—A[(2) DFBE] O3 20 mé, D E451E 10 mé ©
KERCTEEEERE S LeAbBEE LT IBEMESEME L, 25 L Txbhiil
BERIIHIEL 0ml 25T, BEIXFOFT TR,

EEER Imla LD, 04% 0-7 3/ ¥ 7 = =2~ EEBBK S5 ml iz, BB LT
45 ZFRMB L TAHLERT 30 pHBKSHE, BEF Y2 v aXBHREATL AV, HE 380
my OBKEBE LI, BREBEI~F Y -RAI Az —AD, RV F—ALFor—AD
RV,
“d. BEWMSBICRIMETORE
OBEICiE A ) Vo3& FFETT-3 BIBERGE % BV, MEBOEBCELOXEH T, ER
28 THEEYBELYE., ThCRAY VA RAOREREMECETEEHO 2+ - 7% H
WTOBHEBEL (T, BRYSPObLIEFEHEY L5 2 LR TH -7,

3. & ®

BBy TOEKRBIL S TN 55% (M), P F=vn 12% (BE) TH
> T, —BTILFIBE BRI ET LRI EBTH -7, BBCELL-EHIRES v 7
BRI LY 5 <Y 1.16~131 kWh/kg, F F= 21 1.05~129 kWh/kg &3 - A &%

83FE TAIAVIFALTORGHER
Table 3. Chemical composition of Asplund pulps (%)

H I s G4 | S SR )
Wood species Larch Fir
N Pulp  Original Pulp Qriginal
basis wood basis basis wood basis
Fi ]
Solubility in
& XK
Cold water 0.6 0.6 0.5 0.4
im VN
Hot water 3.8 35 26 2.3
1% NaOH 6.9 6.3 6.4 5.6
TFAT— eV Y
Alcohol-benzene 20 18 2.1 19
Feretr— A
Holocellulose 60.8 55.3 63.4 55.8
. CB-tarm—=
Cross & Bevan cellulose 53.6 4838 57.8 50.9
a-t e — &
Alpha cellulose 446 40.6 46.6 41.0
RV
Pentosan 9.8 89 89 78
ot 345 314 304 268

Lignin
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BHREDORIED ST, bR T <Y OANELEL, NEEH 7 < V5 91% (7
ALY FEFT7Y) ~32 A4 L F=UN88% (TAZTALVYFZ7Y —%A138) t» 3
2 YRR EM e, LML, 8y bDT7 Ty bAZY — VI L AREKBRIBITH S
~ VR T8%, FE=YMRBL% TH-T, #I<=YDFMEL, »7F <Y1 FICRERE
DB\ Z EHNBEU T,

BEALTORSEBIIBEIEDOLS TH B, TATAV FALFRER Ty 70K
SR 5N Cross-Bevan i m— AL ) 7= vEERNEINL, MY, Heel
A—2, XU by lRBL LTV, Chit, By ThoRBslRg s, TAS
NV FFT 7 AT v— 2 =% BACTORBARIC X » TAFECE(E LIRS P BRESR
fotedTHH-T, Y S =vE Cross-Bevan vt rm —~ A Xz L A EEHARMEOEELNL
DEFALTHCHEAELTOT, BABOEILXAS LD 72,

a. Yyz-voxs

FATLY FALFCERAMBY — FEMLTY V=V BERDZ Lisofc A Tk
PR LARERIEAEDLS THD, ChiR LD L) V= v AHERIEERH Y — FORK
MEBCE L TRBCETL, V7= v aEROET LRRENBEFTL 52, =V
P LA T Y TR 98% b T1% W, b F= v TL89% b 59% 1T & HEBHIE

{1

AR WEEBY - FABTATAV I AATDY) 7 =vEER
Table 4. Lignin content of NaClQ; treated-Asplund pulps (%)

) e v aBR Sy b FYEER
53 = %&ﬂ%l‘% ANsaChl.Sfi u\%iel? Lignin content Pentosan content
Spedes  mumber pulp bas Pp Odgnal Py Orignal
- ) % %
KL; 0 100 344 100 9.8 100
KL, 16 94 25.4 70 8.0 77
KL; 28 90 222 58 77 71
7 Vet KL, 46 81 114 27 73 60
KLs 70 69 59 12 73 51
KLg 9 60 2.9 5 72 44
KL, 175 60 0.1 0.2 7.1 43
TL, 0 100 30.4 100 8.9 100
TL, 16 94 245 76 72 76
TL, 28 91 182 54 65 66
Pl TL, 16 85 9.2 2% 62 59
TLs 70 68 34 8 6.2 47
TLg 94 66 15 3 6.2 46

TL, 175 55 06 1 59 36
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ES5R V= EERIETE OBMR

Table 5. Relation between lignin content and strength of pulp

)y 7 = v CS. = ]
WM REES & m % 7y-xx T B HER aag

Basis

Wood Sample Lignin CS. - . Burst
species number content freemess weight Density length factor
% mé g/m? km B
KL, 344 680 78 0.15 — 0.5
KL, 254 670 79 0.17 — 04
N KL, 222 680 84 0.23 05 0.5
5 < v ,
Larch KL, 114 725 73 0.27 1.2 1.3
KLs 59 725 79 0.42 37 33
KL, 29 715 73 0.48 48 3.7
KL, 0.1 740 73 0.54 44 38
TL, 304 730 75 0.14 — 05
TL, 245 720 80 0.17 — 0.5
N ) TLs 18.2 695 97 0.19 0.5 0.5
P TL 9.2 720 ) 0.27 15 13
TLs 34 700 92 0.37 24 2.2
TLg 1.5 680 91 043 2.6 24
TL, 0.6 720 85 0.44 3.0 2.6
5(05)
/ —X— B & & Breaking ength
J —=O~~ LREE Bust factor
—— R & Density
aenk \
O~
S
SE’: N 3031
588
sad
w4
& 200
w - 2002)
wRs
100 -
¢

UTZVEBE Lignin content , %

B2l »7<yMAT0) S vEERLEN L OBK
Fig. 2. Relation between lignin content and strength of larch pulp
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5(08)

e 2% BT K Breaking fengls
~~O-— WHREE Burst factor
—— & E Density

4(04)

3003

Burst factor
& Density)

200

B £ Breaking length , b

WRE

=1 i3 ey

(

%
i
(%

HoH

IZVEEER Ligoin content, %
¥R rr=yMoaF0y S vERERIENEORR
Fig. 3. Relation between lignin content and strength of fir pulp

e bilehote, LAY E 4 VORPBETATA Y FALTHOLDIEL HNTA
7=V TIEST%, b Fv YTk 64% WY LTEhEh 43% & 36% NERIFL T e, Z
NHOS LT FTERELBUL T, BNIRBETE - HRIESRO LS TH -
Foo CHIZEBE, V7=V EERMETLTS, 7V -3 ARG EAEELL TR,
BEOHEL Y 7 = v EHRLOBFELARD L, V7 =V EHENE LR ELENE
{le>Td, BELY 7=V EEREOBREIE NS IVEIRDO LS TH-T, »
SYYOFHEL P YO BELELY =y EEER20% I 25 L EbDTEL
BETH 100, V7= v ERENMEL 70D ERBICHENE T > TV, RIEEY 7
=VEAROBRILY 7= vEER 20% UTOBEELALERCE-EE2 DR,

FFEREIEY 7= VEERE LBMMBESE, P50 T2 PRTHT, b
B EMMS RIS 512 E TH o1, V) 7= VEREMES DR - TLE - BED
Bb D otc, FORBOEIITE 4 M L0 5 KTy LcKERE O BT R
mHLEETE D,
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KL,

Lignin 34.4%

KLy
Lignin 11.4%

KL;
Lignin 0.1%

(highest strength)

FTAR VvV =vEHEROZ LB T YMT AT L
VRS T R o fo MR O F O W BT I

Fig. 4. Surface of the handsheets from larch Asplund
pulps of various lignin contents (X55)
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AR A B SRR MBI s $25% M1

TL;
Lignin 30.4%

TL,
Lignin 9.2%

TL,
Lignin 0.6%
(highest strength)

#5 V= VvEEROZ LB F Y AT
3 o P HUFE 0 FTM O WA ET T

Fig. 5. Surface of the handsheets from fir Asplund
pulps of vartious lignin contents [X55)
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b. AZEID—ADEE
BRT ATV FALTLEEFERY — X TAB LT, 75 <Y DB EILINE 655%,
NIt~ AEGHERSLT%, VI VEERTA% (Y 7 =vEFR3T% O, ¥1:
FFYOBRINE 707%, ~3 v —RAEER490%, 2V v+ Vv EHE62% (V

EE6ER HvM V- FRBEALTD~I A r -~ RAEHFR
Table 6. Hemicellulose content of NaOH treated pulps (%)

NaOH «sﬁ:/»n—zgaﬁ$ v b v EER
- o RHED B R B Hemicellulose content Pentosan content
Wood Sample Concent- Yield Original Original
species number  ration Pulp hemicellulose Pulp  pentosan
basis basis basis basis
% %
KH; 0 100 51.7 100 74 100
KH, 0.2 87 44.4 75 8.2 96
55 =y KH 10 82 414 66 6.6 73
Larch KH, 2.0 81 404 63 5.6 61
KH; 5.0 81 40.2 63 3.3 36
KH; 10.0 74 348 50 14 14
TH, 0 100 49.0 - 100 6.2 100
TH, 0.2 85 39.9 69 5.9 78
v kv TH 10 84 395 68 5.2 70
Fir TH, 2.0 73 29.7 44 43 51
TH;s 50 80 36.2 59 2.9 35
TH; 10.0 75 31.8 49 1.7 21

BTk <1 TOoOBREH
Table 7. Constituents of carbohydrate in pulps (%)

. c fimm%?ﬁﬁiﬁ?d SR
- M ORHEE 17K 4 f ] or}stltuents of carbohy rate  Lakw
Wood Sample Residuemi)f ;’; ; - ; & —: ; / %’_\i l Z Z ;‘\ * v ey Pentosan

¢ _ e
species  number hydrolysis Glucose and Man- Total \Arabi- 7T Total content

galactose nose hexose| nose Xylose pentose (a)

KL, 32.8 79.6 125 92.1 0.1 78 79 9.8

h T =Y KH,; 6.3 859 80 93.9 0.8 5.3 6.1 74
Larch KH, 2.1 86.4 89 953 0.6 41 47 5.6
KHs 1.6 90.9 84 99.3 trace 0.7 0.7 14

TL, 29.8 774 158 93.2 0.4 6.4 6.8 89

FE= TH, 6.7 81.7 125 94.2 0.5 5.3 5.8 6.2
Fir TH, 32 836 120 956 | 11 33 44 52
THg 21 875 115 99.0 trace 1.0 1.0 1.7

a) R¥FH P L > Value by the method of wood analysis
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B8 HEHé~i1tru—2E5EXK
Table 8. The strength and hemicellulose content of pulps

B ~itinr ~vr4 oGS, W R
# W OREES - AEAHR VEHE 7V -~-%A % & DBreakin 2t 0313
Wood Sample Hemicellulose Pentosan C.S. S L S g Burst

Density  length

species number content content  Freeness factor
% % ml km

KH, 51.7 74 720 0.42 34 25

KH, 44.4 7.2 680 0.48 3.7 33

B 5 o=y KH; 41.4 6.6 630 0.50 35 3.0

Larch KH, 404 56 690 053 41 39

KH; 40.2 33 705 0.50 30 29

KHg 34.8 14 720 0.38 05 0.6

TH, 49.0 6.2 740 0.35 2.6 2.3

TH; 39.9 5.7 710 043 2.9 29

[ TH; 39.5 5.2 735 0.44 3.0 2.1

Fir TH,4 29.7 43 695 0.45 2.8 2.1

TH;s 36.2 2.7 705 041 24 1.7

THs 31.9 17 740 0.32 — 04

5(03)-

404
RS
£
5 s
L~
£
§58
o 55
fad
L
g@g 2002
ERer
- R W K Breaking length
-=Q-~ LW AE Burst factor
—— 8 % Density
/(ﬂ./)’~
1
0 ? ra ; 7

NUNAEE  Pentgsan content, %
HBOE 27 =yMAATORY bV AERLES L OB

Fig. 6. Relation between pentosan content and
strength of pulp from larch
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4(04)

3(03)}- X

S e
£ % N

s S e X

5 § X /”’ \\b

2373 ///

TRE 20f o °

L

el el

us W

=

e —X— % B K Breaking length

(
(

—=Q—- WWRE Burst factor
—N— B E Density

101}

7 ; ]
NUNYERE  Pentosan content, %
BIE rreyHsATORV IS VERRLESLOBERK
Fig. 7. Relation between pentosan content and
strength of pulp from fir

=y aHRA6%) DEVAAL T H B, ZOAVTEREDOI LD ALY —FE
WCHUEL, ~Itre—AGEROZ &b N TH B, 2bhilcn 7O
BEEEDO L HTHD, O NTTEHEINDIRKHOBEERIBTROLS TH
B, XHLIEHAL~I AR —ABIONY b VEBEREOBRERT LE SRR LD
FORBLIUHETROXS>TH S,

FFEIRCR LIS, “A7OBBBEHEO S b, SERRY - #UEICI->T
SEBOET LELDOIR~vF v v I v T, BiERISYYOHE<Y/ —ALL
T 125% 76 80% 1=, P F=Y o)%éoi 158% 75 125% ET LTWw5b, ZhiEE
FATIALY KL ThD~VvF vO FhEh 8%, 44% HERBRE SR TWw5 2 L&m
LTw5, ¥x o5 visoyr—ALLTHAT=YDORG T8% b 53% T, FF~
Y DOBEIL 64% 15 53% KB L TWB, CHIERET7A T LY FALTHROF Y5 Y
DERFR 55%, 41% DWEHBREIRTWDL I EERL TS, LihsT, 22 TR
ﬁﬁ«itwu—xm:h&ﬂ%ﬁ@ﬁé§®ﬁv%@@ﬁithEVC&%%ELT
BMERH L, 7IE ) —AROWTEBENT VO THETRVWAREZIRIZ W
EHEx s L T\ 5,

DXL AL TORBEE~I L e —ALDBRTH B, T v FVIEDO0TAD
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KH,

Pentosan 7.4%

KH,
Pentosan 5.6%

(highest strength)

KH;

Pentosan 1.4%

B8 “virvEFEROILNLIAT UM rr LA - R
23T s B i o Fo HEEE O K O WK

Fig. 8. Surface of the handsheets from larch holocellulose
pulps of various pentosan contents (X 55)
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TH;

Pentosan 6.2%

TH,
Pentosan 5.7%

(highest strength)

THse

Pentosan 1.7%

BIR ~virHvEHFERO-DLEBLFF=UHhRrtrr — R

AR LI B i o T ARYE O M O Wi E T

Fig. 9. Surface of the handsheets from fir pulps of
various pentosan contents (X 55)
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&, HeA Y~ S IBHBIC Y - TR EIXED LTwW52, Bbhic v 7dhTlLd
LEGINT=VOHEL, FPFYOHBFLIFLEAEEAL Tignnb, RECHE
R IET< Vv VvoBMBEEOZILWLDEEZLNSE, CARRLTHF YT Vit
~vFvEIkich, BEEDBBEVCLOTKRECKREIR® SHERNMEL 1D L RE
EHENARECEAL, EFER A% A TREEXTL, 1% U TOSERTIWHLS L
WETERLTV5, ZORGOEYRT AT~ e —AGERIHFT<VO
BHL 404%, F F=YDBHEIX399% THYH, VI VEERIFRFNR56% &
57% Lico>Tvb, ZOBKBI~ItLe—ADREND TR, BOEYEEL Tk
HahikdhiEebicw, BEDXHDTEN, ~ § i e —-A5Earhic L Fdicii,
TIE AL TCEBAREDLRBICTE ot 0T (10% 5+
A4V~ ZC L H0HE) hoBE-TMORAXBBE I L > TAL LB 8RB LUEIND
L5 THoT, MOMEE XA, BETHIE-FD LELbBhBARBRS,

4. = =

OB LMD GEL RSB BT IBERBEGORE IR L > b RELCERSH
D, WA CITMMEDOTRE, K& X, M SomBENWKRE &, BEREOWEIH
HBIEL A > THEBL TV, LI > T A 7 ORGSR b BMIC RS OF By E
X LIEBTB B, L) S YR SECEET S A FRRIESE <, Rk
IR B DBEHEDO» 7 I H5VAP L, HOEEIMEVOCINBAE LT 7
17V BB I DL, TORBR, FECH LLEH IR IV Litied, Th
Bz Y 7=V ERRDOFH SN T RICBEDOEN ¥~ b EBR T 0908
LY 7 =veaBRNAULTH-TH SP &L KP OBENRZ b L5, V7/=vohk
B thoMiaiEF cosfie, SLRB#EREO~ I £ r — AL OHERRLER
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Summary

The screened Asplund pulps prepared from larch (Larix leptolepis GORDON) and
fir (Abies sachalinensis MAST.) chips were used for this work. The yields of the
pulps were 78% and 81%, respectively. The chemical composition of those pulps
listed in Table 3 shows that the Asplund pulps have lower content of extractives
than that of original wood chips shown in Table 2.

The pulps were delignified with sodium chlorite solution and the effect of lignin
content on the strength of the handsheets was studied.

Sodium chlorite treated pulps which contained 51.7% hemicellulose (subtracted a-
cellulose from holocellulose), 7.4% pentosan and 3.7% lignin for larch and 49.0% hemi-
cellulose, 6.2% pentosan and 4.5% lignin for fir were treated with various concen-
tration of sodium hydroxide solution at 20°C for 2 hours and the effect of hemicel-
Iulose content on the strength of prepared handsheets was tested.

1. The lignin content of the pulps, which ranged from 344 to 0.1% for larch
and 30.4 to 0.6% for fir is shown in Table 4. The relation between the lignin content
and sheet strength is shown in Table 5 and illustrated in Figures 2 and 3. The
surface structure is shown in Figures 4 and 5.

Removal of lignin increased remarkably the density, breaking length and burst
strength of the sheets, as shown by another workers (7, 10, 15, 17, 27, 53). But
pentosan was also removed during the treatment of delignification with sodium chlo-
rite because of little variation of the content. Soluble pentosan removed by the
treatment ranged 23 to 57% for larch and 24 to 67% for fir on the basis of pentosan
in the original pulps. Accordingly, it must be considered that the effect of hemi-
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cellulose on sheet properties is not negligible.

2. The chemical composition and strength properties of the holocellulose pulps
treated with sodium hydroxide solutions selectively are shown in Table 6 and results of
sugar analysis are in Table 7. The relation between pentosan content and sheet
strength is shown in Table 8 and illustrated in Figures 6 and 7. The highest strength
was observed at 40.4% hemicellulose and 5.6% pentosan contents for larch and at
399 to 39.5% hemicellulose and 57 to 5.2% pentosan contents for fir. The stre-
ngth properties of 10% caustic soda treated holocellulose pulps were so low that
change of fine structure of cellulose was considered (25) from the observation of
sheet surface (Fig. 9).



