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Fumiyuki TeEraTANI and Yoshitsugu KimMura : Studies on Pulp and Paper-
making. (XX) Fundamental Experiments on the Air Resistance of
Paper (4).
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Table 1. RNAVFFERRG 7 7 7 FFEROLH
Pulp Wood and Cooking Condition Used for Kraft Pulping.

a. NUTFEAR Pulp wood

JA3ER  Hardwood

7 e Buna Fagus crenata Blume
T RN Shirakaba Betula Tauschii Koidz.
‘ F = Doro Populus Maximowiczii Henry
#IEER  Softwood
Th=Y Akamatsu Pinus densiflora Sieb. et Zucc.

b. Z&f#%& 1 Cooking condition

AR (5~ 77X 1) Chemical charged (for bone-dry chip), % 23.5

Bib® Sulphidity, % , 25.0
ikt Liquor ratio, ml./g. 5
BIERE LA H Time to 110°C., min. 45
BERERTERM Time at 110°C., min. | 60
B ERE _EAN Time to 160°C., min. 45
B E (RS Time at 160°C., min. | 180

oo IREEHERALR % B2 b CEHHRRZT ok, |t JIS M IciE W FHEBR A2 ER
L, hm%,ﬁ®%ﬂm&o%mm% T AW U,

o H#H &S E (Air resvstance factor) ZE#HR®Y i L %<, Gurley’s densom—
eter I CHIE L ez, BIES (mm) OROBIEICHE LD TH 5, LiOHE
O IR b AT & [ LG, MoOE s Hz£% (Deviation ratio for thickness) X bk
t2o BN 100MHOMIEE & D HEOE S OREBEFE 2 HE L, FHECHT 5% & LTELRE,
' wa@ﬂ%&'@%ﬁmﬁ,)fn/ﬁﬁ/mM&,TU@WU—X@ﬁﬁﬁﬁgﬁﬁﬂ

Y OEE Lk, XA weiw—A#17.5% NaOH HEICHIERE L, *0BEY o tim
~ AL LTEEL, I hkEr ~3 v —xs L ELK,

= B OB B & £ B
1 4FEOHM D ILT{EICDLT

EIER L OGRS L b I A — D LI TEML D TH B, Bbihk v T OUE RO %
@R%W“ﬁéfMMeZVT? SOV TR A TR & S RHS0%FIR T H B3, LOHT
1 ¥ e KP p3 g < 52% O MR A iz,
xwﬁ¢@uf=y@§mmﬁﬁKme2~3%f£@,%vf¢@Uf=ymﬂ?6%
Y = U BEIEO2~96% DERA R LTz, RLT I~V O 7= R RESC L B i’
QT1%CThHv, AHH KP 0V 7 ) v &R L TH3BH512.9%0 ) /=2 &H
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Table 2. K4 FIWREOILZESHT DRER
Pulp Yields and Chemical Analyses of Kraft Pulps.

i yiii AATIRBABEDO VAL THOPEY 7 = V|[kw il o £Ar~ kL=
y =y Vryr=v & —_A —A —
Wood species Pulp yield Lignin inLignin inDelignific-Holo- a-cellulose Hemi-
, ! wood, pulp, ation rate| cellulose,! cellulose, -
L% % % | % %\ % %
Buna 51.2 20.6 3.3 91.8 95.4 82.8 12.6
Shirakaba 49.5 20.0 2.5 93.8 95.7 76.0 19.7
Doro 52.0 19.3 1.6 95.7 97.0 84.5. 12.5
Akamats_u : 49.9 27.6 ‘ 12.9 76.7 85.0 71.9 13.1
Commercial KP — — 3.9 — 95.0 82.7 12.3

LTWb, CHIZRDMCERBNRTIED THOREERL TS, E2T7 A~Y KP &*
v lw—ASESMO LT L 0 10% A WEEER & Dk,

JEES ORI Fe KP 235/ ) =88 1.6%%Z%RL, X a wilw—AGENE
ED84.5% THOtre 25 hS KP B~ rin—R%%L 58 LH20%% 5D, E2T a-
ey —ASERELCIO% TH DOk, 7 IS AL TD A~ v r —REFIE—FKL

Table 3. 7A A VP X BNV FHREBERS e - 25BOR
Effects of Alkaline Extraction on the Pulp Yield and
the Cellulose Content of Kraft Pulps.

£ B xR B TAHVBERLVTERENA NV TINERrwlr g VR —AN S ELR~
GiFv 7)) A A
Experiment NaOH Con-Loss of pulp|Yield based Holo- a-Cellulose, |Hemi-
centration, on chip, i cellulose, | i cellulose,
No. % % % , % % %

Buna 1 Untreated 0 51.2 95.4 82.8 12.6
v 2 5 16.1 42.9 98.9 93.7 5.2
v 3 10 17.7 42.1 97.3 94.3 3.0
V4 4 15 15.9 43.0 97.8 93.8 4.0

Shirakaba 1 Untreéated 0 1 49.5 95.7 76.0 19.7
V4 2 : 5 21.8 38.7 98.2 . 89.5 8.7
v 3 10 25.2 37.0 98.5 93.1 5.4
v 4 15 25.6 36.8 99,3 94.5 4.8

. f

Doro 1 Untreated 0 | 520 - - 97.0 84.5 12.5
4 2 5 11.0 | 46.3 97.3 . 92.3 5.0
v 3 10 15.2 44.1 98.3 95.2 3.0
V4 4 15 14.7 44.3 - 97.8 94.6 3.2

Akamatsu 1 Untreated 0 49.9 85.0 71.9 13.1 .
v 2 5 6.5 46.6 87.8 77.2 10.6
Va 3 10 10.2 44.9 87.5 79.3 8.2
V4 4 15 9.0 45.4 87.0 77.4 9.6

Commercial 1 Untreated 0 e 95.0 l - 82.7 12.3
V4 2 5 4.7 — 96.2 85.6 10.6
i 3 - 10 - 9.5 — 96.3 © 89.5° 6.8
7 4 15 8.8 — | 96.1 . 87.3 8.8
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K KP o7 7 Y AABEIC X o Tt 5 B KOs 02 ki Table 3 iR
o SN ORI Fig. 1 R A, 275 -">7F>Fu>7 s~ >k KP o
MEH/NE S R TIE S, e 7 5 3210% NaOH % DB & o T25% O Eh f 4 5
Lo CRIFFELLTTAS RIS~ I v 0 —AQEHICERT 50 THD, % OBIE
%z Fig. 2 WmR Lo » 77 ~KP Rk~ e — XGRS S0 A%, 7T ) AEic X o
BUICIRD U, 2 TEMNCS -V THEENRREO AL LS, 75 KP RO Fe KP G L
BO~zwro—-R%GH L, 10% NaOH #LHIC T-v 7 e 3% D~ 3 v ibw — A%
BYDH LD, ZICFELTT 2~y KP ROTHE KP e L 7 O T o 5 7 4
VEHAEN S e B —RE LS RAT WD, i KP B Z7=v 4R cFHE L vERE2E 510
#1659, 10% NaOH I B W TRET~8BD~I v —R%EEH LT b,

IRT T VALER A [T 00 Ak e LCo v 7iEx Table 3 @it an<, 7H~<> >
Fa>7 7> 2 0 "DIH/E Do Tnwb, 2UERITRRIED > 7 I DT L7 J ALTE S
AT, M EFREE A S R WIRD 2O FEARAEEN R LD LR D5 THES D,
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3 TALHYNIBCXBNLTOYEBHEEOEILICOWT

HBIC 31 BT U U R A T O MR, KRRk 52 588 Table 4
ERIN D, HMBEINCE DT, Tah Y ALEE AL 7 ROV 7 I B L TP KEE R 3 L,
VRIS A < 7 B ERIA B T %o A LD BIRICHITEIC X 22RO T A VAT 5
FISHAERL W b0k, A7 OUEARTH %, Fig. 3 LRTML, 7Fr<Fuls .
5 7 SONERT V7 OIEZETER A L 7 0, 138 KP &R % 5 EBIOE LR T 5,
IREER L7 O DB RS B T h ) O WHEOR WA AU RIT 525, 10%
NaOH #LHic & O TABIc AT 5, —FH7 7~ Kol KP OB ARRES ICHi -
LTwWwad, ‘

Table 4. 77 Y B0 7 OFHHRIE RO BHMER AT fug 338

Effects of Alkaline Extraction on the Papermaking Properties
and the Fiber Classification of Kraft Pulps.

LR |k 7}3755%% ﬁ:ﬁé&ﬁfé E B HEHER Classified fiber fraction
.| SR |Drainage|Sediment p ., o, 42 80 150 | Pass.150
Experiment [Freeness time |al volume mesh mesh mesh mesh mesh
0 0 o/ ) y
No. ml. sec cmd, % % 70 % %
Buna 1 850 7.0 295 24 45 16 6 9
V4 2 870 6.0 340 18 45 19 7 11
Vi 3 880 5.8 130 17 46 21 8 8
Vs 4 885 5.8 140 8 54 25 10 3
Shirakaba 1 | 835 7.6 855 53 | 35 6 2 4
Y 2 840 7.0 920 24 64 7 2 3
V4 3 850 6.2 410 16 60 15 4 5
Vs 4 860 6.0 340 j 20 59 12 4 5
Doro 1 855 7.1 435 15 | 71 10 3 1
v 2 860 6.9 500 13 63 17 4 3
v 3 850 5.9 270 9 67 18 5 2
V4 4 860 5.8 210 6 62 22 5 5
Akamatsu 1 | 855 6.5 | 860 93 4 1 1 1
s 2 845 6.2 850 92 3 2 1 2
V2R 3 845 6.5 800 92 » 3 2 1 2
V4 4 l 845 6.0 750 93 3 2 1 1
Commercial |

1] 850 7.0 850 87 4 3 2 4
v 2 1 850 6.5 825 96 2 1 1 0
z, 3 | 850 5.8 750 96 2 1 1 0
v 4| 850 6.0 760 97 1 1 1 0

N DUNE AT DURBERTEDOLBAL A, T OHEEM R & AR ERAE T 53 MR
HEINLATHD, 2T OBREMIAT %251 V7 OEFEBR A2 TV, Table 4 &
RN & MR A B, RER AL TORTEROUERE LD 7% KP 1324 K 0042 2
Ve BEEIA <, 7RO Fe KP wk UifERAR O AR 2 ERBEL A TH 5, X
BAOWEZEE LR LE7 7 KP i Fe KP X 042222 2 BHEI020% B A <, s
FRHR B T H DT CHIXAMMBOMBICHEERBEREET 5METH O, 7 rR4pe
BEE - AEII 3% < 30% LI B 5 oY, IUREHEOERS Fu, 2 33X 0/NThH BY,

— 5 —
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Thn) R R, % Fig. 4 747 ) O L TR0

( NaOH Concentration) . B L DRE
Fig. 3 7 » YV EREIROEE & AL 7 OGRS Relation of caustic soda extraction
& DRIk to the density of handmade sheet.

Relation of caustic soda extraction to
the sedimental volume of pulp.

TOU Y Y & QBIRICO W TEET 5 &, REEO NaOH WBEO EFICfEy, 17
O BRI TR~ AT L T Do S RIRIRAIDIIL T A VI LD T THD~ 3
w = A SRR SR TUBEESERS T 25, ROEREO R S 0 RIC20~259%EHEL T
FEr L, o nBHioBEEL 4> e FRT 20 Th b, Lo OMEHANRT A ) B
10~15% 1 TR ET 2EI R abhTtwd, chiekL <7 v~y RodiR KP Wik
YN COMMEN2AA Y o CEREIL, 7B Y EEOBE A CHBEL i\, MR KP 1R
TEREHEE 2 A T B, BRI R A A2 ) — v EFE —E S T OHS/LETHS
9o

4 FYRBREOHEHRHEIZONT

TN T VIR ER AT O v T X 0 FHU BRI EestEE & Table 5 lcid, O
B Fig 4 R 3EORESE 7 F ik bK<, WnTFe, 77~ 0lHCE < &
DT\ D, IBET 27 7 ) EOWEE M T ICED T Mo %L 10% NaOH. & Cli &
2, DLEOBETHERHCHAL T 5, & OHEQEHE RO MMATHEE IC K 288 %
By AR EARRT 2, COERICEBWCHBEELOBIZREICRIT 52> 773> F e
> 7 FOIEM A S BEOERKE —FKL T, & OBELIAERD < v 7 OIF KEEKR
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Table 5. 75 Y D KP oFHEEKoEHHERC JusFE
Effects of Alkaline Extraction on the Physical Properties
of Handmade Kraft Sheets.

. i
EhEs M OB (E O |E O OE | HAEKE \‘ LRVEE | B | BESE EXEER
i Air resis-| Deviation
Experiment | Basis |Thickness Density |Breaking i Burst Tear Itance fac- ratio for
weight length factor factor [tor thick.
No. ! g/m? 4 mm - g/cm3 km | sec./mm %
Buna 1 168 0.393 0.43 2.00" - 0.63 49 7.1 2.2
” 2 159 0.409 0.39 1.05 0.34 34 2.4 2.8
4 3 164 0.524 0.31 0.41 0.33 25 0.4 2.6
V4 4 170 | 0.557 0.30 0.27 0.32 19 0.3 2.2
Shirakaba 1 170 0.256 0.65 4.17 1.13 133 115.0 3.7
V4 2 164 - 0.279 0.59 2.83 0.75 108 44.0 4.1
4 3 166 0.357 0.46 1.58 0.88 42 2.4 2.5
V4 4 166 0.399 0.42 1.15 0.58 36 1.3 2.3
Doro 1 163 0.297 0.55 2.21 1.28 64 76.0 3.7
Y 2 168 0.359 0.47 1.76 0.57 71 28.7 4.5
v 3 168 0.420 0.40 0.54 0.27 33 2.4 2.9
V4 4 166 0.399 0.41 0.38 0.22 25 1.6 2.3
Akamatsu 1 176 0.310 0.57 4.98 — 231 28.8 5.9
A 2 181 0.317 0.57 5.23 — 260 22.8 5.0
4 3 175 0.358 0.49 3.31 4.31 220 6.5 5.5
V4 4 179 0.410 0.44 2.78 2.77 232 1.8 4.7
Commercial ~
1 165 0.319 0.52 3.51 - 3.78 | 289 23.9 4.8
4 2 186 - 0.370 0.50 2.64 3.08 | 295 13.7 4.7
e 3 189 0.477 0.40 1.31 1.34 187 1.3 5.1
4 4 205 | 0.535 0.38 1.06 | 0.97 175 0.9 4.9

LTV 7= EBOBAEL WA, "L THO~IwLn — R, fERHE KO
B, File, SEFSORREOMMC IO TEMINS IO LIEEEND, ~Itrn - 258
DHEALELWT s~y KP ¢t KP 2H#+ 2 &, V7= 5BoEw7 <Y KP ok
DBELE L, M0 TEHE, HHEECEWILHR L DEGRELYFRL T b,

HBEKEL O W T RBRICRUEKP TRy 5 2> Fua> 7 +FolEk/Ne 525, Fig. 5

CRTn<ARe 7 KP BB L DIFRCBEWHBZELZRL Tnb, 7<=y XA KP
TS, Fe Db HEHYNS WA SEOME 52 525, Chit~I i s - A58 X
DL U AMHERMER I W CHEBHE 2 B Y S E AR VWECERERN S 2 L EAbN S, 15%
NaOH MiBBic X > 7 -5, Fu, 7Hh~voD 3 KP RHELKE 1.5 sec./mm. FiEoD
W%T?#,H~V“WKQ&T5K,7%KPH7/ KPP 1210% 0 iEED 7 A 9 )
WREC X2 TESICTRET S 5,

MO HL A% BEH K%ﬁ?‘%%m%ﬁbt@zkr%ﬂ’ 1% Fig. 6 1 tﬁéﬁm, TV K
O KP 125 ~6%DMEARL, 7AA VMBI Lo CHBEETL AV, AL EERD
HeZ g8, Feikl0% Ll ko NaOH EHEALEIC X2 THOIE SRR 232, 5~ 3 % 1c 2%
AL, FL L MOHENHE IR LESEZd BN S, 77 KP ZROUBETE7 A5 U 4L
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Relation of the caustic soda Relation of the caustic soda extr-
extraction to the air resistance action to the deviation ratio for
factor of handmade sheet. thickness of handmade sheet.

BOa b TR L0 2.5%AIEOEIMEROREY 52, HEO M B W TR b 3
FOHAEL IR VWENIRBITH 5, B8R L 0 Fhug, TUKERR SV 7 50 SRR
ZiE DA, MOHAS A A T ORMEBREED Ifiic X 5 EHERRL THEE AR, chik
B ¥ ORIV GEHHELIBEETH D,

& Ed

DI REiohe 25 RARE L, &BE cowW S FUEEROSEELY HE L T RETL i
By MOINE HimicFES 5,

SOV T DILERE L VFEL T, 777 PERBLEILZOBO T v VA X b, #EELF Y T
TL37T% OWEL E LR W TH 8 KP 1k, 7 OB EIC R CHEEEVRE S
FHT LGN A 0ERE s v, T~y KP ROHH KP Mo EER v 7 L 031 <&
BB WA, HERARR 2SR TH 2 57 v VILER T O CHMOMENBF L by,
e EES KP 041k, BE®  o4n < kG X D bsEanc i 2 Bl 3 5 2y, X
oL DAEIREA R T A LR EL B, BAH Fu k7 7 KP wonwTHiET 5 &,
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7+ KP 3T RE S REMERCE T Fe KP X0#E»E D5, EIFERCE
BIOHA L 2.5% FiIC TARmICEbBEIFTH O, BIHBINFEL /M3, 2T
1.5 sec./mm. DHHAZEOKEE LD T F KP k7 A5 )V BERKOREY Fa KP 0
BDLESD TYCTHESTH D, 747 ) BEROEBENMEL hg, 77 KP OmErE
BB sy 5~ 5HE/BEIN S, 60 CHE BIFc L THE R4 EEMOBEC L T
ik, 7+ KP o7 An VARG ES A FHHEO—2TH S LiimT 2EILHRD,

= #

SEDEIER 7 7, > 70, FoROHEST »~Y0FY 7 i —EORMFIC TEREM
w5 FEBRL, B 4TEOKM KP RO KP 2@BEQEL 7 L7 VERICREL o
8, ST OEEE S, MEAHE 0Z ke oW TEREITOR,

757 FEBRIC IO TR S T RIEFIS0%, V=58 2~3% (AL T <> KP
mB%)f£OtoM~E%Ihm{ﬁmﬁﬁﬁﬁ?é$mib,«s«wu—xgﬁwﬁé
Lm0t 7 Hot KP ik oSr 78R 0#25% 2 iR HEA L, fho /KM KP 1k 16~18%, &
s KP 12 9~10% DB 2 7L, 748 VALBEO ~ I v —AE®E, LIS KPT
123~59%, ¢t KP TilR7~10%% 5, HHEET vn JV#EE~ It e -2 HES
BICEHT 2E AR DIk, '

AU T DIRERTE & SRR OB R X 0, BMERM O AR 5 S T R ILEAT AR
FL, AT AR ) BEDEECEVL VT ORBEARREIL, SOV O EEEHEE 2V N
NEBEILc, chREHEOREIA LR DEIFROMENEL , HOoBEMEELEAD b
EEALN L, HLEERS KP BEEHMETH 5 v BHEOEHINFE TR EOELE FH 53FH )
HiskZm v,

Tou s VIR Uk EIER 0 T OFH RO MEBIIEEE, 705> Fu > 7 T Ol

/AN By, chiky — P OEEDIBM L &< F—Tk 5, 13 KP K% E 03
FIE S & 7 WAL P L FABRETH %05, mEMEERIERCRIFCH S, IEKEZ L
QTG ) AERIC Lo TEABICA T 5 0%, i 7> KP ikaikiic/h3 <, l.5sec./mm.
T 5 0icto KP O#a01/218E D 7% NaOH BWREBEIC Lo TCHEETH 5, o
JE X RSERITEIER S TICB W TR T A VIR X DA 5 2%, Hac 7 KPR
HTHELHEBET R 2HELRT, ZICKL CEEER LT T v n VLB LD T L
720 -
D ROREREEEEID, KRB0 T s VAL T D EORKO B T OMOFEEE
Z, BEAEEOMBEROEE, ~A7THOo~Iere —REFE, A7 OHHERMRED
HRNEE R T 5 EIER S hic, FRIEBZE/NCL THAE {, BE ST R 3
T5—HEE LT, 77 KP ©79% NaOH WERBRELE ESTHIFRRE I,

Résumé

In this report, the air resistance and the formation of sheet prepared from
the several sorts of kraft pulps have been investigated. The handmade chips of
three hardwoods (Buna, Shirakaba and Doro) and a softwood (Akamatsu) were
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cooked with the mixture of sodium: hydroxide and sulphide liquor in a laboratory
digester. The same condition shown in Table 1 was employed for the cooking
process on four wood species. Unbleached kraft pulps were obtained at the
yield range-of 50~529% as shown in Table 2. The result of chemical analysis of
pulp indicated that the delignification rates of hardwoods were much higher than
that of softwood, and Shirakaba pulp contained the most hemicellulose among
those pulps.

The four laboratory kraft pulps and a commercial kraft pulp were extracted
with caustic soda solution of different concentrations at the room temperature.
The effects of alkaline extraction on the pulp yield and the cellulose content of
pulp are shown in Table 3. The dissolving losses of pulps in Fig. 1 reached to
the maximum value at 10 9% NaOH freatment, and those were ranged from
10% of commercial pulp to 25% of Shirakaba pulp. After the alkaline extraction,
the hemicellulose contents of hardwood pulps decreased to 3~5% and those of
softwood pulps were 7~109% as shown in Fig. 2. Because the loss of pulp
depended distinctly on the dissolution of hemicellulose in alkaline solution, the
above facts indicate that the softwood kraft pulp containes the alkali-resistant
hemicellulose more than the hardwood kraft pulp does.

The relation between the sedimental volume of pulp and the fiber coarseness
was obtained from Table 4. The sedimental volume of such unbeaten pulp as
used in this experiment was the sharp indicator for the coarseness of fiber, and
its decrease by the alkaline extraction of pulp informed the transition of fiber
fraction from coarse to fine in pulp. This change would be caused by the decrease
of swelling agency of fiber owing to the solution of hemicellulose and by the shrin-
kage in fiber length. The softwood kraft pulp, however, consisted of so long
fiber that the transition of fiber fraction could not be observed by the ordinary
classification test. ' '

Thé physical properties of the handmade kraft sheet are shown in Table 5.
The sheet density and strength of the hardwood pulps after alkaline extraction
decreased according to the following order as Buna<Doro<Shirakaba. The soft-
wood pulps had the similar density and the very high strength in comparison
with the hardwood pulps. In Fig. 5, the air resistance factor decreased remarka-
bly by the alkaline extraction and the least one was obtained from Buna kraft
sheet. Such high. concentration as 15% NaOH treatment was necessary to reach
the low air resistance factor of 1.5 sec./mm., but it would be able to gain the
highly porous sheet having the same factor by the extraction of Buna pulp with
79% NaOH.

In regard to the deviation ratio for thickness, the important difference exist-
ed between the hardwood pulp and the softwood pulp. The alkaline extraction
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on the hardwood pulp caused the decrease of the deviation ratio for thickness,
but, on the softwood pulp, it caused no change of that. This fact suggests that
the improvement of sheet formation does not occur on the softwood pulp but
results on the hardwood pulp from the alkaline extfaction. ‘ .

The‘ observations in this investigation lead to the conclusion that the air
resistance and the formation of sheet depend quite upon the histological differ-
ences of pulp wood, the hemicellulose content of pulp and the fiber coarseness in
pulp. One of the suitable method for the manufacture of homogeneous and highly
porous sheet was found in the process including the extractive treatment of Buna
kraft pulp with 7% caustic soda solution. ' k
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