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Dialdehyde Starch as Wet Strength Agent of Paper
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LrEOROMBRILEFEREL DY, LoKE, FEHrENOKLESILE LY, B
B, B LERASEOAMC RO TE T3, Lichi-T, Zhn- 7 oEREC ki
LZEMETZLOTERL L), AHBOK A 7 HECHT 2EROBELEMEE »
Ty DRI IIEEF SO RN OE AL BMI T3,

OB L BT U 208

@ B e R E

@ MBLHEW T L AWEE

® MRS OB LS (BE)

DFCHELV, Z05H, HEHEEIEHRER, ~A70BHTEE 50T, ZoFRILE
HTHLN, PHEAFVC L ZHEIRNBBAR TAEIRDZENTES, L CBERKO
BRI L TERERX OB Y BECT LI L X THRETH H, B, N, SR, B
TR, LA —AFK, T4 v t——, EHRIIIE, KEOSIICF THRER SN
Whh, TORABRIERO—®REIE 5TV 5,

M —ich G <, Fhkienhs L ELSEENMETT 52, iR K2
BT D, EOR/ENPLDLNRDE DT, {L¥EMTiEtre—A, ~3Ixkilr—~AFDK
MEC I ZHEOKEEELTOOADLDEEL LR TV 5, BEHRIKIGKEEBRT 5 8%
RGO, MEHANZ DLt - TKOBBERHIELAY, FRIEBEALHERE
EILHDOTH D, 1935 FEALAKECTERBIRC L 5 205 FoWERE Ziebh, $HIKL
AT 3v=, RF-FALATALT e FEOBBEBKC X 2 MTHE? NHCBRT WS, F0
REREY 52 5FBE L THALEL® £ bh, ILERETERK L AT 5e=
— LG D 77 7 P IERISPINNRE L PFEI T B,
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X5 —HOWROPT, EEXRETRIVErRaF SV IEIbREM LI T AT
v ¥F7 v 7 v (DAS: Dialdehyde Starch) %%+ 5= &ic kb, OBERE G LT &
FEC R LN T 2 & ARG X AVS-TO0REE R EHCHEIRTH 5, Lrd
= DB

1L A7 ORIEAFERTTARPHRETTH0T, BHOF . 7 (cure) EHE R,
IFEIEE LEE Licl,

2. BUELHEBEOUEL R D, BROBRNAESTH S,
FOBELYEL, SLCBEARCAEEINRTWA T v 7 v O TERRY L LTo AR, HEE
ShE2RTHIRVRERETRNELDLELZ BB,

v
CHoOH CH,0H
c—0 c—0,
u/M \H w/H \H
q\ /ﬁ -+mq——*:_$\ /& Pﬂﬂ%+m0
oH H/ -0 - 0-
n N 0 0 -n

DAS 37 v 7 vala v R RS2 B2 vEBETRET I LRIV ZBbADLD
T, —%&, BEVEBRBLT S vEbuvbh, FryAvorra—ABMO24ME 3T
AFe FENBE IR, CC ORENTHINREZLCLY, ZUVdFy—1Ls D=y b
r—2ADHY v —=ERIIB, ThAR-LIEREND X 5L 7 s KEES, o
L, ~37 w2~ AHEXWRL, SHECEB T2l v BEEEI T 2b0TH
Do I OGREILTTIT 1928 £ MALAPRADE K L D REERINTWAbDTHY, G=2 v Ek
DEfinioic, FOFANIFLFLRT WA, DvocH & MEHLTRETTER 2 L - T,
DAS #8E+ 5 LAMRCAR LIca v FE B2, B v R EENCTHE T 5 BRI HE
YINTUR, ZOETORES IR »ILD, LHaLEaENS, bHE T DAS o<1 7
NGB T AHRBREILZEA L LI TR,

H CH,0H H H CH,0H H H CHO0H H H CH,OH H

Q 0 0 4]
>{ { <H >L g
----— CH HC 0 CH HC -0-J- CH HC\ 0 CH H('? 0----
0

1 n il 1] I 1]
0o o 0 0 0 y“ 0
i H OH
I(I)I OH _|--- : OH i
s O OH . Fiber
’___/\/\—
/_\Fib—ef.-/‘--

B—1 DAS L A THHEL DKRERER LN I T2 -1 EADOEAR
Fig. 1. Scheme of hydrogen and hemiacetal bonding between
DAS and pulp fiber.
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ARPFFETE, TOoRICEHL, LBETRKBECEESh T2y 127 v 7 v (BR
RIS+ i EDEERITN20T + v TED 40% NIL#EE CEEI R TV 5) ¥
ELTDAS #B8IL, Thua&{BE L 7RHEMLTEOHENEEX LOX, TV I
VAMENT=IMMNE 77 Mk, BIMKGR 57 v, BIURRERBEERCI Y
AT B, —HMLEEEY -, TEAL, 7V~ 4 A%HAB LI, — 5 DASiI»
NE2AEDOGFHTNI ZAE—AES, BrWiE—FT7ra—rEErrf=LEoMT
NIT R LR E RIS, TREMRLTERY, 7A7 e FEBOILENEEL TR I WD,
ZTORHERRE > YV 7 25 FEHL T DAS-SO, HEEYHEHRL, SLTHRIHCHEESSL
B I TKEGEALL, & DAS SBEKAHAM L, DAS ofsmike LT, fE¥ER
O ATRLEBECEENFE,, AEEME (Wet end addition) i@ X h 352 7c» Topd, 2
AR F+—~2 LTk, DAS L RECERNCA (Electronegative) 7t DT, WHEE7
NI R ARFERCHEML TR EEL, DAS #BE IR, BKRE, ToHEMEER
PHERN L, TREERERL LT, rtyeracFvrunby DAS HEL, ey
vV EhBEL A XKL L TERTECHAIRTW50T, 7TA» )V Fv v aRBL
THML, DAS iFI#KE DB L B 2705 7o,

753 DAS nEBZ AL TR ERLETREIR TV 202 ERTHZ L1, BHTEET
»HHLE2, WiSE & MEHLTRETTER D HE® #IH5HB LT, DASHm-<4 7 0O#EKE L b DAS-
p-=tmr7 =2 FIVVYEERL, FD=F/ —AHK%Y 48 mp OEECHAEEERL,
BEBOWE LRI, ERAT Y+, BERENLH-LOT, ABRETXIOHEALER
L7,

AR E BRI H- ) B ZBE, SHELYG - At ERFEETERE FRE
BECESRH#HT2RBETH S, ILBEUGBRBLFEBRPCEL, SHHIx v icivicdtl
BRFAMBEEEEDO L L IACESEOELET 5,

1. BERNILTOREMESH
a. B K: A 7ORBHGEREIBTHES 7, Jeld R /IMOTT EER
PR R 39 TR Lic» 7 = ¥ (Lariz leptolepis) &+ 5 51 v % (Betula platyphylla

Fz-1 EAIhEERO{CEER

Table 1. Chemical composition of woods used

Extractives Holo- a-Cel- Total | Methyl o
Ash Cold | Hot 1% | Alcohol- ] cle 1- lulose tp en- tpen- Lignin
water | water | NaOH | benzene | ~1©5¢ osan osan
Larix leptolepis 0.51 8.0 9.3 18.0 2.1 66.8 431 14.2 4.8 27.9
Betula platyphylla| 080 | 16| 24| 178 22| 817! 480| 263 17| 190
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var. japonica) O 2 FET, BiZBILERE 0, WEER180cm ThHbH, BEZILERK 5, B
BEE 155cm T, WTFhi bl 20ecm~6m OMBEEHA LI, 2 bhlRKHTHEE,
RBHF v A~ TFy TR LBREIC Lk, AMOF v r— 2 ~hRBHEL TV,

FHOLFRARIE E-1DLB) TH B,

b. % B®: ~<A7ixs57 v KP), BiKks#H2 57 bk (2 2 TRfEHR E DKP
DEEZ % fiV 7o) & X O EEREREER (NSC) iz Licasy, LEOZERA HEmBE 500g &
LALROERRA—~ P71~ TR CHamBic L b2 i ofo,

KP ol LTk, BHETAHVEHEME20% Na,0 L LT), FHIkE25%, Kit4, B
ERE 170°C, [FZER 1FrR], FEFBHE IS BRELEALL, WThi 2ETS kI
W, BERKTHR, ROCKTHREE BAKL, RRERD, B L T Mrdbeics

DKP i1, BIAE:BABDO —BRERYRSI -7, BIAEE U TIIRERE 600g O
y ZEXL, WS, RERE 170°C, F{RFEFFRM 1MO&METKERL, HRARITHE KP
DEEFE L1255 7,

NSC D4 frix 23 5 (NapS0;+Na,COs) OFnE% 8% Na,CO; & L), HWHEEF Y
VALIRERT MY U ADHE T, W4, KREERE 170°C, FBERR 1R, RIREFRHE
25 B E L,

c. MEELWNRE: HEMLKH A L7%, EBAD Sprout Waldron &5 4 2279 7 >
A+~ LD, 125y POARZ Y —vEBRLELDIE, BV 7717 —1CLs T
MELT, CS. 7V —x A% Thi 400mé & 200 ml iZFRE L 1,

d ® B: CS. 79V~-%2400mf DZ AL FO—FIZoWT, v —=firflEE,
BEAE, 7or Vi, SLLEBABOLEERY ¥R Iky, SLL-AATEHHERELL,
ERAEL, v —=flil FRBOERYEUERKE L 7L, BRTIEBRELL, 7o
F VIR, AL 12% OKEBEEF PV Y avk iz, HERTIBEABLE, E5LY
MEBTIY, BHEEELY AR LI0% ICRD L5, O EBEY ML, 35°C T 2 B
Botce NSC R 7DBHEE, XL 04% DXL LHOAEL T A VHEHE Yz
L,

Bl 6 LBHEIOAELY R I T,

e. NILTOBH: SATOGPNE, EEEBECRK T, ietwir—2a, Ry 4V
TV =R ERL, a-bAr~RliThrtAr—-R X DERLI,

£ L TOMER, CFARB IO e —=ffix—HELTRTELER2DEEYTH D,

2. DAS BAMOEH

EHEF v 7L, RoO—fosy x4 EL I Y ER VDTV THB, BIEIELD +
#A4 % (Solanum tuberosum) OHEMNH 2z b, THROBHMY v ¥4 =7 v Fvikpaol
KT, XV X BE, KG17~18%, & <7 H08%, G 0.05%, K45 057T%, 7v 7
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F2 BEATRABORRK, LEARES XU R~ ={f
Table 2. Yields, chemical composition and Roe number
of different pulp-samples

Pup | lodose | futose | penveoan | peroony | Lignin | oo
yield (%) (%) (%) (%) (%) num-
@ | @ b a b albalb a0 ]|Pe
Larix Uu# DKP 31.1) 95.8/ 29.8| 90.8| 282 29 09 06 02 35 1.1 41
” ” KP 39.6) 98.6] 390/ 8.2 33.7 79 31 06 02 30 L2 29
” » NSC 61.5/ 74.6/ 45.9] 569 350/ 81 50 2.6 1.6 258 159 34.6
Betula U DKP 34.3| 97.8) 335 90.7} 31.1) 54| 19 0.6 02 23 08 26
» ” KP 48.6) 98.0 47.6) 87.2| 42.4] 219/ 106 0.7/ 0.3 20/ 10 23
” » NSC 719, 855 615 68.7| 49.3 128 9.2 0.8 0.6 137/ 99 17.1
Larizx B*z DKP 275, — —| 956/ 263 28 08 06 02 07 02 —
» ” KP 348 —| —| 889 309 90 31 07 02 07 02 —
» ” NSC 445 —| —| 810 36.Q 86/ 38 18 08 13 06 —
Betula B DKP 311 —] —] 906 282 60 19 09 03 09 03 —
” » KP 451 —| | 865 39.0 21.6f 97| 06 0.3 0.6 03 —
” ” NSC 60.00 —| —| 821| 49.2 148 89 15 09 07 04 —
*1 U: REH unbleached
*2 B: #E@B bleached
*3 a: ~SAF7HDEHEE content in the pulp
* b: 7y TR TAEBAEE content based on the wood

v 80~81% O—HMEMEB LT3, KIXBECTHEMAMEL LTk, 5~100 g, F#50 ¢
BOKEXT, BItRERXMBOFT v 7 it 6_TEL, 65°C LT b,

HBE Iy R 3> (Zea mais) OBTF2LBHL T ORBEHERT, FO—BEAR
EK5 13~14%, % v 7B 10~12%, J&85 0.01%, JK% 03~04%, 5 v 7+ 84~85%
T, TY7VERERC v HA BT v VIR BRTEG, HEBRTH 52, AEROL D
BAES TED, BEROL ORARREY LT3, FHERL 20 ¢« BET, BB 75°C
EVhbRTWAE AZFELTIr—~RET I arF DML 21~22:78~T79 Thbbils,

—HTFv v OBER E LT, BikoEa v E B LY v A NalO,) % v, KIStk
BROW TR It - 1,

II. ® B % &

1. DAS o®se

DAS %8 T 570z v RKEEF + ) v A DRMEIL, Fv oy volksLra—2E
IR 1 er e hEET 0T, Bk 162g OF v 7 ViR LT 214g 0= v B
FYVYARRIGIED LI DM, AEBRTRBELYFC 2L LT, Ry AR+
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Dlc, —flE LT, BERE 134 DL v M 2T v 7 i 60mé OEBAKIERE Y, —F
213g DfE= vHEBF VU A% 155 ml ORBRCERLCLORFH = -t Ah, X-2
CRT XS REEOHFT, T I
T, BRIWH, KIGRE
29°C T, W3WMIKbHI-T, &
DKBERETET L (pH35), Kt
HEEWETIG3 DH T AT 4 L&~
THW, 2 VRRIER L7 DET
KTl OLNEE, v 7 vig
FE, 10% 2 v{r ) v s EHAE  Suction
wiemz, 2BEREN 2% T)
B#e 7 v T3EBEHEL, RS
Fobr— & —FhTERLT, Stirring rod
2. DAS oa#t
DAS o5 #{bo &Mz, DAS
AT )~ DRE 3%, KISHE 92°C,
RIS 40 7 & L, ¥ L 7= B R B—2 DAS #EE
B b U v ADdEL, i DAS ic Fig. 2. DAS-preparation apparatus.
MUL% & Lic, ZOBEFCID, —HEROMEXERC EFT 52, RIGKTEICIE, &
CEHE LY, BHHkz2 e M FERL BT,
PO AT v 7V ORRL, Py M T v I vE EOEFCE S T
BibL, KBBKY 21
3. FuFoEKU DAS DEHHEEE
e A EEITERACDT Vv BLIUTERSL D DAS OBEARBEO BNV E AR D
fodd, BMBEEY S 2\, b TEAYRE L, 8L c#EMEHE Nikon Sur-Ke &
THbv, EEERE X Nikon HEBRHBENBEEEEBE AFTM Tth 5, LBRXTERETHES
X, EXORBARCH LT 774 v F—NERC B AL ICLy PLT, vy &—R
w I AT IS5 vT L,
4. FoToEKUDASO IR HE
Fv7vE DAS © IR BRI A7 L OREIL, BIAB OGS T R 5 X6 E &
ISG-1 M AH A Ui, FRIER Mz L, Smg #FFIL, BfE7 Y v 4300mg & &
Lbic A/ VEHHKTISHBEL, SDIEHBELAHE, UrdF%MEY, LERBRCHTTEE
4,000cm~! 75 600 cm ! DFH DO AR LB F K,

Dropping funnel

Reaction bottle

Water bath
Magnetic stirrer
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5. DAS ZEED/NILTNDOTM &K
HERE12g D L2 HBEBP AT )~ L, chex 1l RDa=art —H—T)
SL, 002MBEEET A 3 =% A% 195 ce (<L 7ot L 11%) iz T, 254385 < 3k
Ltz, OFIZ06% EBED DAS 8%y, KXH LA 7DES05,10,25,35 % L 005.0%
DSER, IHLAATOHEAFIT10, 25 %L 0°5.0% 0 3ERMOKETINL, 2H0HEBTH
R B Iy, TAPPL BEERIC Ueio TR ST O Lic, ToBRIBCIRBRETM
Dr—t, MB7TALI =Y 2DLDLDENLT v v HBERMO Y — LB L, ik
7V —5xA200mé D5 % X DKP X DAS #fim+ A2 itk b, BcHEIE %
L, BEATE ST,
6. HOHEHR
2 B FT X 20°C, 66% DIERERSE © 24 BRILL LR L7-%, TAPPI ZE#p:
CLlchi-» TRBRR2FRL, ARELSERY, HH, 512%, W MIT) o&HE Y E
L, BEMEOBEGITERBA ¥ 232°C 0FBKC 10 7HRE LK, #— € TRED
KaxsE L vBBE R I -7%, DAS RIFENKOBETIE, Qb LBRHCEREXR LD
72 Schopper D55 b BB EHTE S, UPREHOMHAREL A, -1 —Fic
Kuxmz, VIRROBERCE > TRAMEYRDI, FLBABEIRBRI Y 2HEHEhT
KIftol, SLCBBEEIBEER, RKROUEL, Loz TANORBERMEORBA
DEILHEENDEM LI, HREBEIEYBECOTL, BEREY 10 5H0E I,
24 Bl OB OWT L RB LT,

IHIl. TBREER

1. DAS oHH

CrHAEBIU LY ER VDTV I Uunb, BaUvERF Y YALL L, TREER
BN DAS 238l & h, AR LT v v B EALELLRVEEBHBE L bR, Ll
b avFE-a vl VRIDZBARKIGEF 1R khot, THETF Y 7rvnT<T
DAS wHILL T3 b0 :Bbh, 10, 37 v 7 v ROEKERESEF TR, AT
bI<CREL, HGRELXHELALEBNCBIEETTH T bDEELLRS,

a. FWMHCLIBEBHBR: DASOBEUETEYT v v iRt s BE-1~%
H6DLE)TH%, DAS ORBERIL, Fv 7 vitd bRTKREL LS THY, bTnic
BELLZ 2R LTH S, Fv 7y bAgofl Hilum) %3 - BREENBEIR
o LLF v 7 v REEOTCHRELLBLS L bR ZHEDREETFIX, DAS TiREE
TNTehotc, FREY-WyssLING IZ X B &, ZOREtTFAYRTHEBITL, Fv 7 vRORL
KES>T(H) THHIEnD, OUKLT v 7 viEndLnd AU RERCEFILTW5 50
LEZLNRTWS, Tiebb, 37FOFBEPAIEEFRE DREGCREORKEN, Kok
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BE—1 sy AEFv7v

Photo. 1. Potato starch.

BEE2 lvExenavFviv

Photo. 2. Corn starch,
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BEE-3 vyn4x7v7vofikts

Photo 3. Birefringence of potato starch in polarized light.

BEE 4 tveravyFy7roflts

Photo 4. Birefringence of corn starch in polarized light.
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DAS prepared from potato starch.

Photo 5.
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DAS prepared from corn starch.
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SEHRCETIL TV 250 THH, DAS TrhNHAOE, 0L 5 EIG T T
BN, RV ES TR TWb I %L T 5,

b. DASR#HE: S+ 1 EFV 7V IORELICDAS BT LALER T
D, HlEDRR VST aed FBETHoTo, PYERICF VI VOBREE, bTACERER
BH B, REDBRCEN T —HF v 7V OBEBERES Y v ASBKL, TRCRE
HThh, 23V Fv7vEEDa vEREYRLTWIS,

e FHMEBMBIRT PIL: K3 BIOEACtvEravFTvy7vexo DAS ©
FABRILAR? VAKRTLTH B, 7 v 7 v EDASD A7 P AL X B A E oML, DAS
X 1,720 e MR IS 351 B L R = A BEOBRMAEET B2 L TH D, JHIXEDHHA G,

3
c
8
‘s
%23
C
IS
=
! 1 1 ! 1
4000 3000 2000 1500 1000 600_I
Wave number em
B8 twxremavFvlvoRABERIRANZ ML
Fig. 3. IR spectrum of corn starch.
< b}
o
C
]
B
=3
(%2}
c
S
'..
1 I 1 L 1
4000 3000 2000 1500 1000 60(2‘
Wave number om
El—4 w2y DAS OFABRBRIR A2 +
Fig- 4. IR spectrum of DAS prepared from corn starch.
CH,OH CH,CH CH-0 CH,0H
T<a—o H K—o H H 0 H FK 0 H
dl f d
\ ﬁ}_ H H} i }_ /J\J%
~0 CH C -0 C c - -0 C HC -0 C C
i AN A N oM ] AN A
¢} HO OH HO OH  HO OH 0 H OH H OH
partly hydrated hydrated hemiacetal hemialdal

B—5 DASoOATHEACKST E«OHE
Fig. 5. Different structures in intramolecular bonding of DAS.
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CGREBITAT7AT e FECEETALDOTH S, DAS KEEATL DL &1L, K-51
AT IO, K¥WELTKIYH 5~ TAX—A L LTHEET A D, FOBEMS
EAED Db T, L Liedih, FTHEH LI DAS T, HEtO » AR = A K0 TF
TETALELHEFORNI D, EVEXZRTIEAHBEIRTEY, 2L DASHOH L
A= L EN—, TTHIACEIGFETCT L —AREE~NI T2 —-AEERY L TWA1D
EEZDBRTVABY,

DAS D A=7 | AR B EDMOKEIE, 3,300 cm ! A OKBED TN, Fv 7
VIS BNRP LTUL B ETH Y, FBHCERA, 1,400 em™ (5 0 KB O E /B IRE
CEBAENZLHSEbR TS, B 1,000 cm™1~1,200 cm ™! 0 RFE-FEE O HE/E FAIES)
£ 900cm L TORF-KFOEALAIRENC & 5KINY, DAS CRAWEC - T 5,

ks, Py HAERF VT EFD DASIZOWT L, HRABAR7 A XFAER LR L
DT E KT RR Lo - 12,

2. DAS AmiE0oHEMEHE

e F4EF VI VIDTAB LU DAS 2L YRGB L TR Lo mERB O E
X, pRE, EIRHEE, RAR, ZREESIOCEBEBECHT TEELTTH5,

a. BEE: HEEL DASEHEMULTLIREMD LD LILEGLEALEL Y L, &
Boir 70EFEUREL T 5, Zhix DAS nEEFEHTH Y, BTV & omsig
Bt EOMBE B I - T edTHB, Thik, F-3 Tik DAS REmoRARoAaeE
EXRLTWS, RIHLKOESIL, —~BECUIT AV Anbobonss=vicd bRTH
<, 7V —RRAFTE, 7V —FAOFVHIABCELFL LT3, TLE L FOHT
12 DKP>KP>NSC oJEF i A s b T b, ZHIIYSRALFCEBET LY 7/=viC
IBAboTERTAZILRID, BEERELLALLTW5,

F3 HFERBILIV O -EOBMAE
Table 3. Brightness (Hunter) of papers prepared from
different pulp-samples (%)

Larix Betula
_ DKP | KP ’ NSC | DKP ‘ KP ‘ NSC
Unbleached freeness 400 mé 26 23 21 35 31 15
nbleache { 200 mé 25 23 21 33 29 14
Bleached 61 59 55 73 70 66

b. MxEHE: EKL2AFCRBELLECHEOEIEL, KoTEREROBRT S
LT, MHDTEETHD, FHRETIE, MOK~ND 0 GHOBEIBOEINLDEDOR
PHCWTEsEERLEH LA,

o x g _  REEDE I -BENOEX
B EEER EE 5 o= X 100
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%£—4 DASHENEOCEIBER

Table 4. Thickness swelling of DAS-added papers (%)
DAS-addition (%)
0 05 1.0 i 25 35 5.0
DKP 36 28 28 23 23 23
- Larix KP 55 44 39 35 33 31
$ NSC 50 33 30 28 27 26
=
§ DKP 57 35 35 30 27 27
- | T Betula KP 64 48 48 46 36 36
§ NSC 33 25 20 20 20 20
ﬂ.)
= DKP 35 33 30 28 2 23
= - Lariz KP 55 45 42 37 33 30
& NSC 50 37 35 35 27 24
F:
s DKP 35 — — — — —
o Betula KP 63 56 50 40 40 35
NSC 44 39 33 32 26 2%
DKP 64 — 31 26 — 26
Larix KP 64 — 58 56 — 56
NSC 111 — ) 62 — 62
Bleached
DKP 67 — 33 28 — 28
Betula KP 80 — 67 65 — 65
NSC 75 — 65 63 — 53

FTORERILEADEE Y THS, DAS RIBFMKOBEL, RIXHLDY T »v .3 NSC
D33% NELEL, XHLHT<Y NSC o 111% BB LE BT L, —#cy 7=y
BRROBVCAILBEARED D, BERIEV A~ tar - AEFROF KX, ~1 €
7=~ ADBKEDDCHEERXE 2 T2, TORLDRIL LOFNEAKL D L BEER
K<, Frho~itre—-2@BROE DKP oF2, KP Lo LEV, XHiT, 7V —% A
DL DML, MRC X Y 4 ZBEF~OKOBE N L b0, BERLILTMTEL
TTW3, ZHAIEHLT, DASZHEMT 2oLt d, WiFhd 30~50% BEOHBEENE
TamRLE, bédEBEVEEROKIL, DAS HMOBELE V2, KI5 L NSC ofkT
L, IE 1% 20, RMEXH L TL L 0HRIEHLLT, Zhik DAS 01 F~OfRE
NEBLTV2b0L3F2bh5, LLEAYZ <Y DKPROFH L, RiED 64%
2% 25% BIXOSBHMCL 0, EHUTD26% 12 LET L, HERARLBEETH -7,
Ce fkE: BEARIKRCIORD, FOBREERSCRLTH S,

w _ REBROHEE-BEHOEER
BRARK = TR A o E B x 100
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%5 DAS B RKR

Table 5. Water absorption of DAS-added papers (%)
DAS-addition (%)
0 0.5 1.0 2.5 35 5.0
DKP 258 250 236 233 229 220
- Larix KP 269 250 227 225 225 221
8 NSC 357 347 306 300 265 250
=0
§ : DKP 292 240 236 231 231 213
~ - Betula KP 315 286 238 219 220 213
< NSC 262 250 250 243 229 229
Y
é DKP 233 220 214 214 213 200
2ol Larix KP 285 221 220 200 200 200
8 NSC 339 265 253 256 253 250
=
§ DKP 229 — — - — _
S Betula KP 285 227 212 200 200 178
NSC 233 207 208 193 193 186
DKP 286 — 257 253 — 233
Larix Kp 300 — 253 250 — 253
NSC 308 — 236 227 — 213
Bleached
DKP 292 — 279 247 — 247
Betula KP 314 — 286 253 —— 250
NSC 250 — 220 214 — 200

BRI E LTOBEARTLIDOTHD, F5AFy 2%t —S—vA LicbDTH,
T 2 BEEESRAELLELTL, KORNB~NOBFELIRILT 570, BABZELIET
LT3, Lanliab, DASEMKRTIE, “0RCRIND X, FEFSEEKRT
Bl TROBLEREBEMOBEIL300% B2 5bDrH 523, DAS #HmL T, 200% #itk
CAERATLILRREE > T3, A 7DOEEHEGEREOBGRITBHE T VA, ¥ F 5.3 NSC
WAMEL, #F =Y NSC LHWifED KP faAF EL R LT3,

d ZEE: DASHEIMKOUNERXELDTRTEEE6DEEITHS, hBETDE
FofEE R DDH TR TBHE KN-6~K-8 DX 5D, DAS (XIRFEMER O BRAI &\
PR T2, EBEBREORLELIZELL, hERILLEILLOKCHLITTEELTA
B RILLHED 7Y —5A40mé DBATIE, >F5H v IKPomERIKRLEL, 5%
DAS T2 HE I b EL TV 5, ~BITIEA LRI IS~16ETH-T, &b LiHn
LOREIKTLHMEIE,, -6 Tibhdiish, KPXRITTEMER25% ik
IFHTCOER L TED, »F<v 0 NSC TREME1I% 75 DAS ORI HE D
HEgTEY, O0BRR - A THERY V= v v STl DAS ¥ RETEhviecn s E



Breaking length

1 1 1

O—10 /arix DKP
20 o—o0 ¢+ KP
L—A 4  NSC
W= B Betula DKP

+ KP
A-—-A s NSC

DAS -addition

B—6 DAS HmE (KW, 79 —*x =
400 mé) DMK R

Fig. 6. Breaking length of papers prepared
from DAS-added unbleached pulps

at 300 m¢ CSf.

00510 75 35 50%

Breaking length

2,0L O—0O Larix DKP
o—0 ¢ KP
oH—N  + NSC
o-----® Betula KP
A-----A » NSC

{ | 1

0 0%5 ll() 25 35 50%
DAS addition
Bl—7 DAS R (K#, 79 — & A
200 mé) K E
Fig. 7. Breaking length of papers prepared
from DAS-added unbleached pulps
at 200 m¢ CSf.

Breaking length

O——_0 [arix DKP
20 o0—o0 + KP
NH—n ¢ NSC
a----m Betula DKP
L o—-——e + KP
A----A + NSC

1 1 1
0 1.0 25 5.0%
DAS addition
El—8 DAS sk (|, 7 Y — & % 200 mé)
o AW

Fig. 8. Breaking length of papers prepared
from DAS-added bleached pulps at
400 mé¢ CSf.

i

SHL MY E BB EREY R

£1% %lI2E
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%£—6 DAS BEOMHE

Table 6. Breaking length of DAS-added papers (km)
DAS-addition (%)
0 0.5 1.0 \ 2.5 { 35 ‘ 5.0
DKP 37 45 55 6.5 6.8 6.8
- Larix KP 50 5.9 6.1 7.1 74 78
8 NSC 2.2 28 3.2 3.3 3.3 34
N
§ DKP 4.4 44 48 6.1 6.2 65
~ | T | Betwla | KP 44 6.2 7.2 7.3 75 8.6
Q
5 NSC 3.8 43 45 5.1 5.3 5.3
iﬁ DKP 49 5.7 59 59 6.6 7.0
2 _ | Lariz | KP 6.0 6.1 65 7.3 76 8.2
8 NSC 25 3.3 35 35 3.7 3.8
E:
S DKP 5.0 — — — — -
N Betula KP 5.4 72 73 7.3 78 8.2
NSC 53 55 5.7 5.7 6.1 65
. DKP 44 — 5.7 6.6 — 6.6
Lariz KP 46 — 6.2 7.0 — 72
NSC 58 — 6.9 84 — 8.9
Bleached
DKP 33 — 5.1 5.1 — 5.2
Betula KP 43 — 55 6.3 — 6.3
NSC 49 — 6.1 6.8 — 75

2bhd, D¥R 7V — % A200mé OFTIX, DAS HinC & 518 BRI &M 1L.2~14 %
EEL, ZHIIMEREA TGS, REMOKTL M VBELLHNI ENARERL T
BLDEELLND, FORKER, 7V —3A400ml OHE LR, HEMROWME L L
REIRECALL, R-7TERIh2k5K, WTFhIHEMES% LEThiokEE EHO
EEREbIE, —HBEEKTIE, NSC 0HERIRLE, —BRITEME 25% 2 LHEITV
EhBLOng, oKL, 7V—FA4A00ml DAL TnLRIbDDT, TORIDL
LS PI-Em iR LTV B 00 Lk,

e. HHBKE: DASHMROKBHUEIRTIDLEY THD, REROHE LFAKT
DAS 0 BRIIEZE CH T, 7V —FA40mEDOREL LKDOEA/IZ, DASicLsmEXR
BB, el 25 h v AKP TIE302%, 5% mmc L b, 25 RV T3 b EL TR D,
KGN 2 HEREOHEHBIOM EERLT A, LaLs T <Y NSC ok, DAS DR
BEDHRB, HIMER1% UHBIEED ERAED AV, HERE L DAS o<
ATNDEBENBEBRLTLSbDEBHRB, 2FIL 7Y —F 2 200mé DAL, 400 mé
12X BT, DAS o RIEL, L SRBEMROS% Tk, MLERIZE LV 10% BETH
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F&—T7 DAS B L
Table 7. Burst factor of DAS-added papers

DAS-addition (%)
0 05 1.0 25 ‘ 35 | 5.0
DKP 2.8 34 46 5.3 57 6.2
o | Lariz KP 43 5.0 5.4 65 70 7.1
8 NSC 13 18 23 2.3 24 24
=D
g DKP 2.1 26 2.9 3.2 34 38
- = Betula KP 3.0 46 55 6.7 7.2 73
£ NSC 17 2.8 2.8 33 35 36
[
QL
| DKP 2.0 2.1 22 26 30 35
= | _ | Lariz | KP 48 5.1 56 67 6.7 7.2
w2
S NSC 2.0 2.1 2.2 2.6 3.0 35
D
g DKP 33 — — — — —
o Betula KP 5.4 5.8 6.1 7.2 7.1 7.3
NSC 2.7 33 3.6 42 45 5.3
DKP 3.8 — 6.0 6.2 — 6.0
Larizx KP 43 — 5.9 6.6 — 8.3
NSC 43 — 6.8 7.8 - 84
Bleached
DKP 2.1 — 3.1 3.1 — 34
Betula KP 3.0 — 4.4 5.1 — 55
NSC 44 — 5.4 6.3 — 6.3

B, LarLisabHh i<y NSCHTIE, Bi& IRy, REOETCL b L FhokEE
7% B Eh, DAS LOBEMOBEN S clcdh, HMROBEME & L BEREILH
mLTws, —HEAKTL DAS oEmeRIEELL, »7 <> KP, NSC #&it, 5% DR
MLV RED B3I L LU BADMEEE XL T W5,

f. W5IRE: DASHENEKOLIIMEXRTIRF2HTERTELE RB8DLELITH
b, FIMERHENER, BAUELIRARD, BREORIBPIVILOMINKERLRTFLL»
Tw%DT, DASICI 2R ALRDOAV, REH LD KPKOBFZIXL LA
BEOETA 376, RXS5LDO NSCEKTHTNC EAEANARLR S,

g. MWiFE: DAS HEMEOMITE MIT) X575 v 3L, @icfEr T, FHiE
PESTHEBRFE2HCLTURTEFRIDEE I TH D, MM » T, WHHEIR Z O
Flowmme &b, oERBECHL TRV LR R L, ¥T7) %2 400mé D
REL LTI, DASITL 2R, BHTRELS BHbbIKP & » 7~ DKP, ghio
HEHEWL NSC o5 v . DKP oD 2250 %2 1 A iTgh b, RED £ 14 7Tt DAS
GMEOWIMCHAIL T, MITERBEECERL, Lz v 75 v .30 KP KTk, HmE
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#£—8 DASHEmMEOLTIHE
Table 8. Tear factor of DAS-added papers

DAS-addition (%)

0 l 05 ‘ 1.0 \ 25 35 5.0
DKP 150 190 180 170 150 160
b Larix KP 190 180 180 160 160 150
g NSC 83 83 120 120 120 120
§ DKP 97 59 57 59 59 65
° | F Betula KP 100 100 98 95 94 86
g NSC 66 70 69 73 73 76
%
Tg DKP 130 130 160 170 140 140
5|3 Lariz KP 150 150 140 140 140 140
g NSC 85 89 94 110 110 110
§ DKP 59 — — — — —
s Betula KP 82 92 83 73 73 73
NSC 54 58 61 64 61 58
DKP 210 — 160 170 — 170
Larix KP 180 — 170 180 — 190
NSC 120 — 120 110 — 110
Bleached
DKP 69 — 72 70 — 76
Betula KP 84 — 110 110 — 120
NSC 94 — 88 81 — 83
F#—9 DAS BImKOWIITE
Table 9. Folding endurance (MIT) of DAS-added papers (&)
DAS-addition (%)
0 0.5 1.0 ] 25 ‘ 35 5.0
DKP 28 68 81 230 350 410
s Larix KP 71 140 260 580 690 790
g NSC 5 13 19 24 41 31
SE DKP 12 14 17 34 47 55
TS Betula KP 21 88 120 260 430 620
S NSC 18 30 40 a1 94 74
L
= DKP 190 180 240 360 470 650
S | % Larix KP 270 320 380 610 730 790
g NSC 18 24 26 48 79 69
SE DKP 57 — - — - —
= Betula KP 290 360 560 740 800 840
NSC 90 75 92 190 520 470
DKP 48 — 250 500 — 620
Larix KP 77 — 260 490 — 600
NSC 250 — 570 860 — 1,020
Bleached
DKP 9 — 20 40 — 36
Betula KP 16 — 50 140 — 100
NSC 40 — 72 290 — 240
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5% DEE, REFEMEDO 0FCLFEL TS, NSCHEOBIMMEDOSHNL LD, 23 h
FiROBHICIZ2LDEELLRD, DEFLC 7Y —% 2 200ml DELIL, #»F < NSC #
EWT, Wb EG, L L DAS o#RIT 400 mé oKz &Ctiired, I AIEREME
THD VBENENDHTH Y, WThIHEMRL% THRYO 4~5 EOMITE L v T
B, —HEAKTL, FOBRBIRABCEDLRER, ¥ 5 v TR, MFEC LRART
I D ED S DI BETERG, HF=vD NSCEARED 1,020 #750L, Zhix DAS
CIsMotEoHFsL, A 7BRECBEBESGY, RbVhhokl bitibdneELDL
na,

h. BHAWE: 23£2°C O I0FHEEL, TOFEIVRBRE L 2o L2
WRTERRTAHE, BLU0ODEEITHE, LKW EOMER TAPPI 2 i Lichti» T, RAIC
IV BESELTrRTE, RL OISR,

N _ DAS Wi o RN &

REMEOL &L REAN RIL01~03k mDFAA TV Th b T, DAS 0
£—10 DAS R o B Hu &

Table 10. Wet breaking length of DAS-added papers (km)
DAS-addition (%)
0 1 05 l 1.0 ’ 2.5 3.5 5.0
DKP 0.2 0.7 1.0 16 17 17
- Larizx KP 0.2 0.7 0.9 14 18 1.8
8 NSC 01 06 08 11 11 11
R
8E DKP 0.1 0.6 0.7 1.2 13 14
~ | | Betula | KP 01 0.6 08 1.2 16 17
—%’ NSC 0.2 04 06 0.9 1.0 11
% DKP 0.3 0.7 0.9 16 18 2.0
2 | | Lariz | KP 02 09 12 16 19 23
8 NSC 02 05 | 07 10 12 15
XD
§ DKP 02 — — — — —
o Betula KP 0.2 0.6 11 16 17 19
NSC 0.3 08 ' 10 12 14 18
DKP 02 — 09 14 — 13
Larizx KP 0.1 — 1.0 14 — 1.6
NSC 0.2 — 13 19 — 19
Bleached
DKP 0.1 — 0.6 0.9 — 1.0
Betula KP 0.1 — 0.8 1.0 — 11
NSC 0.2 — 0.7 1.2 — 13
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Table 11. Ratio of wet to dry strength of DAS-added papers* (%)
DAS-addition (%)
0 0.5 1.0 2.5 3.5 5.0
DKP 5 19 27 43 46 46
- Larix KP 4 14 18 28 36 36
8 NSC 5 27 36 50 50 50
=N
g DKP 2 14 16 27 30 32
o | Betula KP 2 14 18 27 36 39
-Ei NSC 5 11 16 24 2 29
5‘: DKP 5 12 16 28 32 35
= Larix KP 3 15 20 26 31 38
$ NSC 8 20 28 40 48 60
E
S DKP 4 — — — — —
o Betula KP 4 11 20 30 31 35
NSC 6 15 19 23 26 34
DKP 5 — 20 32 — 30
Lariz KP 2 — 22 30 — 35
NSC 3 — 22 33 — 33
Bleached
DKP 3 — 18 27 — 30
Betula KP 2 — 19 23 — 26
NSC 4 — 14 24 — 27

Wet breaking length of DAS addition
Dry breaking length of non addition

X 100

MEEDELLHEZFERT2D, FTTRILULKTIE, HMEROSD T 2~6 EEEBRE N
EUTw22, BESEL 16% L ED b 0% BEHR KD L0570 018, 05% TRAFES
T, WERD 10% U EORMELEL T2 Laibns, BEHEOEEI S <Y KP o
23km TH B, WEHOEH DX NSC 0 THbh, Thizd &b EEEBEHRE TG DT
FOHMNE0~60% T HELILDTHD, H-9KIVI0LRIND L0, BEMNEEIZ
DAS oimEBEOWME & bmEL, BBHREOBEOL 57, BB PITCRD Z Likl
WY, 7Y —FA400mé D NSCH D LRI — 71X, 25% 2B L TIELEL{ D, Xk
MBENT 2L FOFEFENBERLTLIDEELLND, 7V — %R 200mf Tix, DAS i
MBCHAL TRERERHCA LR LTV 500, BHEHTHD, —HEAKTIL, R
DAS = h Kig/s BEEEOHMIMGETE A2, M-1LIbRED &R0, 25% LIk
BEAEAETIEDT, DAS GIMRORANZLND, TOHBEBELL 30% Aitkic &
ST 5,
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(=] g_J [=)]
hsc 101~ o % 1.0
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5 | 5 |
= =
os|- o5 J ,
; O—0 [arix DKP '/ O——0 Larix DKP
"‘ L—N ; ﬁgc 05 7/ OH—A ﬁgo
n-—---u Betula DKP oo Larx DKP / w-----@ Betula DKP
I s—a + NSC P
& ®----® Betula KP
[ A--—A + NSC
1 1 1 ] 1 l 1 1 1
0 05 10 25 35 50% (] 10 25 50%
DAS addition BT 75 3= 50% DAS addition
B1—9 DAS gk (R, 7V — % A DAS addition B—11 DAS & (W, 7 ¥ — & A 400 mf)
pA D B 2y
400 m¢) DB EREE & B—10 DAS i (KW, 7 ) — % = BN .
Fig. 9. Wet breaking length of papers pre- 200 mé) 16 R 5 Fig. 11. Wet breaking length of papers

d f DAS-added blea-
Fig. 10. Wet breaking length of papers g}rlzgal;llp:o;? 400 m; C;f ea
prepared from DAS-added un- :

bleached pulps at 200 m¢ CSf.

pared from DAS-added unbleached
pulps at 400 mé CSf.
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Table 12. Wet burst factor of DAS-added papers

DAS-addition (%)
0 0.5 1.0 25 35 5.0
DKP 0.3 0.5 0.7 1.1 1.4 15
- Lariz KP 0.3 0.5 0.8 1.2 15 1.8
1421 .
O NSC 0.3 0.4 0.6 0.8 0.8 1.0
=N
g
S DKP 0.2 0.2 0.3 0.6 0.7 0.8
o | T Betula KP 0.2 0.3 0.4 0.9 13 13
k| NSC 0.2 0.4 0.4 0.6 0.8 0.8
]
[:}]
=2 DKP 0.4 0.6 0.9 1.5 15 2.0
2 | | Lariz | KP 0.4 0.8 1.0 2.0 2.0 2.2
/2]
O NSC 0.3 0.3 0.4 0.7 0.7 1.3
Y
§ DKP 0.3 — — — — —
o Betula KP 0.2 0.3 0.8 1.3 15 1.6
NSC 0.2 0.5 0.6 0.8 1.2 1.4
DKP 0.3 — 0.8 15 — 1.4
Larix KP 0.3 — 1.0 1.8 — 2.2
NSC 0.3 — 15 2.3 — 2.6
Bleached .
DKP 0.2 — 0.4 0.7 — 0.8
Betula KP 0.3 — 0.6 0.9 — 1.0
NSC 0.2 — 0.5 1.2 — 1.2

i RRMEBHEE: DASHENKOBEHEAEIR-120LED THD, KEMOBE
REREED 8~11% LAWK LD, ETOREBIIPIVA, REIVEFELIEEIRT S, L
L DAS ofme X h BEEEAEI» b kL, BA» <Y NSC oD 26 2 HEIC,
BRREMOBRMET, WwFhd 0% U EoBBEBELRY 52 T3, TZME LR Hn
1% CTHREKMN15% DL ECZEL, DAS BB S BERESRFIL W5 2 LnTEL, OF
CEAATHCRDE, FTF7Y —FA400ml DRI LK TIL, KP+ X # 5~y DKP
#ix, DASIC L A ERMAATH D, NSC OFILEA, 7Y —F 2 20mé TiiFhib
RO INE b ELTW3, —HEEARTIX, #5 <Y DBECHEEDE -NEET
BB, vIFHVATIE, 25% HBINTEETVCOEREYRLTLS,

j. EMWSIRE: DASHEIMKOBEHLSIHEXR-130L L) THD, REMOBE
DETIX, RMRPHBHEC S LNTUNL, BREED 20~30% Th- 1, Zhitg|Z
FEWOHIEFROHARIZIDEELDND, DAS M I ABEME ALz 2 Hh» T
BETHD, BLAFEHRREBOWER FCEEL, 5% Km» 5 <Y KP#Ko X 5ic 210
ChEL, ERBEZBL2 TVW2303H5, Zhit DAS nifcisashsosicky,
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#£—13 DAS Ko BHEILFIHE
Table 13. Wet tear factor of DAS-added papers

DAS-addition (%)
0 0.5 1.0 l 2.5 1 3.5 5.0
DKP 29 100 100 100 120 110
- Larix KP 28 65 87 110 150 210
wn .
Q NSC 18 69 73 110 120 110
=N
§ DKP 26 36 36 44 44 46
~ | | Betula | KP 25 49 55 74 79 94
.a: NSC 20 26 52 56 56 57
<
L
= DKP 21 42 52 88 110 100
= | _ | Lariz | KP 23 44 53 100 140 130
w
Q NSC 26 65 71 85 84 90
=D
5 DKP 20 — — — — —
o Betula KP 19 45 62 93 110 100
NSC 20 44 61 61 74 68
DKP 20 — 83 100 — 100
Larix KP 20 — 88 120 — 120
NSC 26 — 120 160 — 160
Bleached
DKP 20 — 39 50 — 56
Betula KP 19 — 55 73 — 82
NSC 25 — 63 100 _ 85

BERETOS M ERCHT2EAESEMLICcDd TH AH 5, RRIESIBEDHF I,
2EAEMERAD NI ToDEE LS ABHTH D, —MITH T~ VKD TTH DAS O
BERRTHY, RELLY T H v AARKEBEKTIE, HME25% URIREOR LXA bR
TEU,
3. DAS ZMEOHELCH L ZTRRABMOEE

ChETOBEEET TN TRERMLZ 0FMEEECREL TR IR DTH ),
BB X 5 DAS i HOEAREETHS, T T2URHMEBRELILLORDOWT
LAV RBRY B I, 10 5HBEOBA EHKL TA, 24FRHIEBE LA DAS HRink
DBFEZIMREIL B4 D LRI THBH, REH/A1Ikm U T THBlew, oI THRPEUT2
R THHbLTHEN, F-10 010 FHBEOHELIOLNT, ELVETE2ARE T2,
10 SR+ 2% 24 BREBEOBERY RSO TRD L X150 L 5 THB, 2, 3OFMEHS
Y, EFRMEBOMKIL, FOREENAEFRBETL O WA, BNRS% b &, TOHIX
ELLTFHY, e zif7 ) —3A2200mé ODRESL L A5 <Y DRPEROBED X 512 49%
L TA0, W05MBEOESGLUTER-TWwS, IO ENLEBEREOE LD, 24
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E—14 24ERHBEED DAS B0 BEANE
Table 14. Wet breaking length of DAS-added papers
of 24-hr immersion (km)
DAS-addition (%)
0 0.5 1.0 2.5 3.5 5.0
o DKP 0.20 0.46 0.63 0.91 0.95 0.99
2 Lariz
S KP 0.15 0.41 0.53 0.76 0.90 1.07
EY
g DKP 0.11 0.31 0.52 0.62 0.65 0.86
§ Betula
. KP 0.11 0.45 0.60 0.84 0.94 095
=]
§ DKP 0.11 0.54 0.72 0.86 0.99 0.97
2 = Lariz KP 0.19 0.69 0.76 0.91 1.04 1.29
= O NSC 0.16 0.45 0.50 0.66 0.70 0.99
™XQ
§ DKP 0.11 — - — — —
S Betula KP 0.11 0.42 0.77 0.92 1.00 1.04
NSC 0.24 0.54 0.57 0.81 0.81 1.10
DKP 0.17 — 0.52 0.81 — 0.71
Lariz KP 0.13 — 0.62 0.88 — 0.94
NSC 0.12 — 0.88 1.23 — 1.24
Bleached
DKP 0.12 — 0.54 055 — 0.76
Betula KP 0.11 —_ 0.50 0.71 — 0.72
NSC 0.15 — 0.38 0.84 — 0.81
15 105M:24BEBEOBHEAUNER
Table 15. Ratio of 10-min immersion wet breaking
length to 24-hr immersion (%)
DAS-addition (%)
0.5 1.0 2.5 35 5.0
= Lari DKP 66 63 57 56 58
&} arex KP 59 59 54 50 59
A
; Bt DKP 52 74 52 50 61
3| S etula | gp 75 75 70 59 56
(%3
_L-;a’ DKP 77 80 54 55 49
G “@ Larix KP 77 63 57 55 56
3 NSC 90 71 66 58 66
g Betul KP 70 70 54 58 55
etuta | Nsc 68 57 68 58 61
DKP — 58 58 — 55
Lariz KP — 62 63 — 59
NSC — 68 65 — 65
Bleached
DKP — 90 61 — 76
Betula KP - 63 71 - 65
NSC — 54 70 — 62




154 EEEARFRFBHBERTRARE F27% #1115

RUEBEZROETOZELVZ bbb, KCBETARMOBBE L LVCHENMET TS0
i, L DAS L A7 s AN LR, BMOPKBBEL, BExs T
LEZLRD, THIIBELESIEAEKSL, 777 P REGKAE LS TRALhAEVEHRTH
D,DAS DRERRAE VX LS5, LiLiaais, DAS REGIMERAME L, HinKo 24 B
HREZOBEANEOK, 2% ) BEHEL, HmK25% TIX, 7V —F2400mé D>
5 7 v DKP #D 14% O—filxkk %,15% LA k&7 b, 25% LAk DAS iR LcH e,
4FRIBE LI0b T, BEROKE V5 2 LR TE 2,
4. pYEQ 3L DAS TELDLE
CHETHRTHEZIR TS DAS v ThitveravF v I #ABIATH
DT, SEOC v+ HAEF v vhbo DAS LT 570, VY er v DAS #F—
ZETHEL, 7V —FA400mbDr T A v ARKPZHEML, FOEOHENEEL LLN
Too REFILDTRTERLI6DLEDTHSD, WHERIL RILLEKODBES+HME
DAS 0/ 2MEL, TERERERFTH L, BEAKTEIHRC Y Er 2> DAS 0
WCHRESEZ T A, BRARTIAEE L LULEAEZRL, KEREILZDLRLL, 2¥IT,
WAL L QImHEILIRGA, bvEw oy DAS 05 GMEORGEZATY, HNE
WBECERLTEY, 225 KX 035% BMT83km OFWEEZRLTW5DITHL,
Oy i1 % DAS TIX73~75km TH 5, FFEDO I LNMTECO>VTH 25, BHEEE
ThLRER M VE V2D, HBEHEOZIL L v 2 e 2> DAS K2, bThicBRIF/E
F 16 t+vEeravDASEHEMYFH»VAKP (7Y —%2

400 mé) WO YHEMMEE

Table 16. Physical properties of papers prepared from corn
DAS-added Betula KP at 400 m4 CSf

ick- Dry strength Wet strength
DAS Tr}:égé{ Water Y g g
.. swell- absorp- | break- foldin break- | break-
addition in tion ing burst | tear | duf ing ing burst | tear
g length | factor | factor ance length |length* | factor | factor
(%) (%) (%) (km) (km) | (km)
0 64 315 4.4 3.0 100 21 0.1 0.1 0.2 25
2 0.5 58 269 5.7 5.1 104 81 0.7 0.5 05 42
'§ 1.0 57 250 6.5 55 95 210 1.1 0.8 1.0 85
__% 25 55 247 7.3 7.2 95 370 1.3 1.0 1.6 85
=
=) 35 50 233 8.3 7.3 92 540 14 1.0 1.6 20
5.0 50 233 8.3 7.2 98 700 1.8 11 2.1 111
1 0 80 314 4.3 30 84 16 0.1 0.1 0.3 19
,.qé 1.0 50 286 5.5 45 107 81 0.8 0.6 0.7 63
% 25 44 267 6.0 5.1 104 180 1.0 0.6 1.1 89
5.0 42 253 6.9 5.9 103 230 1.1 0.8 1.2 96

* 24 BERIBERE  test after 24-hr immersion
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HEZTW5, 2B%BELTRDLE, FyvEravF vy 7 uynbn DAS 0l TnicER
TwdEwzdd, CORRIIShrblowy, Bl S TRESLCTTFEOERY, $3
WIEERSICERT S LS ADEERECI A0 Lk,
5. FUTUARMKEOLE

Fv T VIIREO A BREEREA L L THWLhTWE DT, DAS tolEOD
DAS # 5 8AL LISt T, S+ ¥4 EF V7 v R MBLT, 7V -5 A200ml DRIS LA
5<v DKP ML, ZTOMOYBABRE S Ihholc, BRI R-1TDLRDTHD, BH
K, FARRIFLAL DAS &8 b ) aliel, DEREBRBETIE, 7Fv vk 27k b
OREERL, HmMEOHEME & bic, HER, HWEANE, MHEIEALTWS, LarLi
5(24E X DAS OB & LR, KEhEXALREVG, FRWHFTEOR X DAS Hin#icit
Bt otc, —HBEREL DAS &7 v 7 v TREEREELR S - o, Fv 7 VvOBE,
HMEAHEML TS, 3L ASHERR LT, RBIMKEEDLY Bieh e, BRT V7V
IEREREREF L LTX, 2R DA TH L, BEEEFAIE L ToBEIEL T,

F17T Py i EFvSvEM»I<=y DKP (7 ) —% 2

200 mé) &% WEEHEE

Table 17. Physical properties of papers prepared from potato
starch-added Lariz DKP at 200 m¢ CSf

DAS Thick- Water Dry strength Wet strength
ness absorp- breakin foldin
Addition | swelling tion 2| burst tear 2 | breaking | burst tear
length endur-
(%) (%) (%) (kr%x) factor | factor ance length | factor | factor
0 35 233 4.9 2.0 130 190 0.3 0.4 21
05 43 258 4.6 2.9 139 73 0.3 0.4 27
1.0 41 246 5.1 3.5 143 93 0.3 0.4 26
25 42 253 54 4.3 136 133 0.3 0.4 29
35 41 247 6.1 4.6 138 165 0.3 0.4 40
5.0 38 240 6.0 47 136 168 0.3 0.4 42

6. ME7TILI=_DLRNOXE

ST BHEDL DAS 4 &bk FTRBEINCEETH S, DAS 7+ v(bT5
o, SATBECOBEH L IEC 2l by, AR TE A FBEPCHRBE 7L =7 A
PHMLUTCHEDOBRE I - ey, ORFIBMEL o, BECEFEYRET VDL
nTWwb, T TERREDEETHEnxMbIew, 7V ~F2200mé D> 5 % v .2 NSC
CHEBETA I =7 A0 002M ABREESE AL 7 L,5% & 11% O 28O HENEY 3 2 i
WV, FOBRBEEESEHEEY LON, ORI K-1BDLEITHD, ZOF—FHRT
Ry, 7L =v 20RMIBEECHLTHCHFEEY 5250, BMEAEKT I, B
HECTREMOBEOHTE, MIFETIX 1S CL TR T D, AFETIEITNT L FiT
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F18 BE7TA I =9 ABMY T » v -SKE NSC
(7 ¥ — %A 200mé) |EOYEFIME
Table 18. Physical properties of papers prepared from alminum
sulfate added Betula unbleached NSC pulp at 200 mé CSf

- . .

Al,{SOy)s Brlg(%f;ess Breakl(rlfn )length Burst factor | Tear factor efgi‘ll';.?l%e
non-addition 13.7 5.3 2.7 54 90
5% 14.8 54 3.2 56 67
11% 16.1 4.6 1.9 51 19

L 11% OFEE7T L I =V aximzetled, Z0L5ERMS, DAS2 A 7 RIBEFIRS
ik, BT I =Y AS0ESYEAEY, DASOHF A vIbkELBNETHY, ¥h
X T—RBomEoR AR TES, REKBETIE, "2 vdHdnidora=yaific
X% DAS DA F 4+ LYY, HEWEAFAVET v v LRGP R ERHRIATE
h, BEDHHEETH 3,

#® ]

UEDHBRLEEENS, DX0FEH rLLRI, DAS ¥ AWM To oLt b,
B L ORI AKERES, HOVE~NITEE—AREEREL, A 7BEROKSYBRET
Lize, BEBREHERA L LT ChRerRT, ThCESHT, ARETO+ 1 ET
VA LB ERT P Y AnLRAB LU DAS Rins i, WIThLEKE LToB#T
HHREKEXFEDEAS, BEBREIL LI, VERER, BREBELHLIBFELR,

¥ TE BRI, REMKO 30~50% BEK T L, DAS ifio~tERER YR ET2
ZEMNRERE, EKKEBDKPHRO LI Y F=vinittin —2EHROEHLOR
BERHTH - Tco BARRBIERMEKOFIZIL30% B2 230bHD, ZoMBLD, W
hi 200% Bk FCTE TR Lich, 202 &0 DAS ik Rma R KEL2RD, ¥
Bdh s BEBIRE L L5,

BRI, AWE, KBEAECKSVTREMKO 2ERE I TR EL TR, WFET
i3, >5 v A KPHOIIC0FEALCETHLIDLD T, FOHRILICHEETD
Stz, L LESIZE Tk DAS IRMOBEMHEIIE LA ERD RIS, 5 T, —F 10 KRR
I AREREOHRS, BERAIIUY, HMHE, WMFEILEEIIHELIZELIAL
L, BEEERE, 1% ORmMETI5% L EICEL, WETNE/RYEL 2, LaLlian
b, 248 &5 BREBOBE T, TOMEIBEL, 25% L Lo DAS ifma L8 LT
I Epbhot, FRESIEbRTWA NV Era v T v 7 uyhnbd DAS L ORET
i, MEELEIRLTERh 1M, Ty v+ #1 % DAS O RS 2HACS » 12, &
bz, DAS L5 v 7 v HHR & ORI, EREETILTABEL XV, BERET
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HRERE, S S bR, DAS 0 EBENEECR IR, LA LARETE /s> DAS®
WIEL, BT LI =Y AR Lo TALTADBRERIIL T, ZOEMT I HHID~
ODEEZE, ¥7-7)—%2200ml D> 55 ADKPRHSLh@OBESE VT 5K
DOSTETOMBEIR IR, £Oft DAS © 1 F~DEEOTE R, IELVRERITR
bhhichoteh, DASHEMER I Y 2 bhicp-=br7 2=t F 7Y vOREBHRENE
BEP St bbb, AT NORERIHEMHDILCERESIRD, ChbOmrb, 4
1% DAS HBEBE~DEKORBE (2 741 XIK), &M, H5ik DAS 0 F+ v (Lic X 5B
BoOWMARY, ThITRINCRBOMRELBRNTILENH DA, 2L LTDAS I
FAMUNLBHEETHY, BHOD LA RER LR LG L X5,
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Summary

The importance of wet strength of paper has been recognized and the agents such
as thermosetting synthetic resins have been developed by the pulp and paper industry.
In present work the effect of dialdehyde starch (DAS) addition on physical properties
of different papers prepared in a laboratory scale was investigated.

Firstly, chips of a birchwood (Betula platyphylla var. japonica) and a larchwood
(Larizx leptolepis) were digested according to conventional sulfate (KP), prehydrolysis
sulfate (DKP) and neutral semichemical (NSC) processes. The pulps were beaten in
a refiner to 400 m¢ and 200 mé¢ C.S. freeness. A portion of the pulps at 400 mé4 CSf
was bleached by standard method. Secondly, DAS was prepared from potato starch
with sodium periodate. The DAS dispersed with sodium bisulfite, was added at levels
of 0.5, 1.0, 2.5, 35 and 5.0% concentration to the unbleached pulps and of 1.0, 2.5 and
50% to the bleached pulps with 11% of aluminum sulfate. The papers formed on
a TAPPI sheet machine, were tested on brightness and dry strength, moreover, on wet
strength, water absorption and thickness swelling after soaked into water at 23+2°C
for 10 min. Further, wet tensile strength of the specimen soaked for 24 hours was
measured.

For the comparison purposes, DAS from corn starch and unmodified potato starch
dispersions were also added to the pulps and the paper properties were tested.

The results are as follows:

1. The DAS quantitatively obtained from potato starch, was white powder similar
to the native starch in its gross appearance. However, DAS showed no iodine reaction,
a little swelling under microscope, and complete loss of birefringence on observation in
polarized light. Furthermore, infrared absorption spectrum of dried DAS-KBr disk
revealed characteristic carbonyl group in 1,720 cm™L.

2. Brightness of papers was not changed by DAS-addition.

3. Thickness swelling of papers soaked into water was in general reduced by 30
to 50%. The NSC paper of originally low swelling did not show the effect with more
than 1% DAS addition, while the control made from Lariz DKP of 64% swelling was
sharply lowered to 26% by 2.5 or 50% DAS addition. It was ascertained by this result
that DAS improves the dimensional stability of paper.

4. Water absorption shown as a characteristic of paper was a little reduced by
DAS addition. But the DAS-added paper had likewise high water absorptivity.

5. Breaking length of DAS-added papers was raised 1.5 to 1.6 times as high as that
of unadded ones. Among the sort of pulps, the papers from Betula KP and bleached
NSC were greatly improved, while those from Larix unbleached NSC were hardly
changed in the strength with over 1% addition. It means that the retention of DAS
added is related to the composition of the pulp.

6. Burst factor was considerably improved similarly to the breaking length. How-
ever, the effict of DAS addition on tear factor was not recognized.

7. The effect on folding endurance property was divided into two types by the pulps;
namely, increasing tendency on this strength with DAS addition was almost equal to
and greater than that of breaking length. For instance, folding endurauce of the papers
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from 5% DAS-added NSC pulp and Betula KP showed 5 times and 30 times as high
as the strength of the controls, respectively.

8. Wet breaking length was greatly improved, the maximum of which was 2.3 km,
obtained from 5% DAS-added Larix KP. The ratio of wet to dry breaking length
(percentage wet strength based on dry strength of the control) could be attained to
'15% by 1% DAS addition.

9. Wet burst factor showed almost the same tendency. Wet tear factor was also
improved, which was quite different from dry one.

10. However, the breaking length was dropped by 24-hr immersion of paper, i.e.
the strength was about half as low as that of 10-min immersion. That means the wet
strength produced by DAS is temporary with respect to time of immersion, with hy-
drogen and hemiacetal bonding between DAS and pulp fiber which is destructed by
water penetration. This is one of the defects of the DAS, but the ratio of wet (24 hr-
immersion) to dry strength could be attained to 15% by 2.5% addition.

11. Comparison of the properties of paper containing potato DAS with those con-
taing corn DAS showed the latter is a little superior to the former.

12. The paper containing potato starch gave the improvement of dry stregth but
the starch did not reveal the effect to wet strength.

13. The paper strength was reduced by the addition of alminum sulfate only, which
was used to adsorb DAS to the pulps. Cationization of DAS seems to be needed to
impart the more wet strength to the paper.

14. The conclusion reached from above mentioned results, can be expressed: DAS
is an excellent paper additive agent for wet as well as dry strength improvement retaining
high water absorptivity of paper though reduction of wet strength is remarkable in case

of long immersion time.



