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Ao BNRE NV TEZ B EF, BEAL VTHEERDDEOTH S,

KM BRICGOBBEL B, B 7= vEEBHEL, BEUOH IEBEMNENTHS S,
BERRZ 7 7 VERETRBLY 7= VEERKEENS, ~ I tvo— ROBERSKREV, i, B
ZRIDICHIBEEOERRMEAORBLINET ATH S, Braovs & Grivest 13, WEEF LR
T ERCBOT, EERY) =V ESTET ) BRERT VA Y ED 3~4% IGBET, 1.5
%37 £ FVEZEDOHIC, 10.5~11% BRKHDOBEHRITEDNZZ L EZEH LTS, Jarme &
Licat® &, 7FARBROD7 77 PEBICENT, REAHEORLERBEIARMICHLTH 1D NasS &

8.6% @ NaOH »5785C Lx®EL TV S, :

AT, BEED NaOH RRKIGIDOFELREIES,

chict LT, NaS Ficid NaSH DORK(IMBZICHT 5 Z B3 120 /hE0®, NaSH DA D7
MTRAMBBEINT, V7=V EHEFAY =V E UTAMPIIEZ SOMBZ VD, ChiZFHET
) BRI R 59, |

COEINRERY 77 P EBBEORESERI L, EHE, RYYv7 24 N Kond P74 VRN
iR, SELEEMELLEOMASEL LD, —BLEAINALDDBH 20, BRTHE, BN
RIFESVTIEDA A~ I b, BELIKENSDOTH S,

Harteer® 3, BEOMBEERE UT, ROX I SERIBEMEIC Uich - fclmEBEsSEEN 77

FETH B EBT S,

BB, SEARKLGOT VA ) IUKMRICE 1=y FHOUNIE ST i, BiLKIOR
FTEREERAVEC LK > TRREINEETH 5,

ZUTH2BRBICEOTH, BHEERY 7= Y 2RI 1nic, FA—VvEEZHRAC) /=YD o
RERFICHEALBONREEOLB0, COLDICITEBEDF A —VERERELELL, Ei, TOBR
BTIE OH-A 7 VIBEDHD & & bIC ) 7= ¥ DRAKEHD, 1 pH 28T & HEFITH 5.

WIBMLELTIE, V/=vBT YT FA-Z—FNEADYINE, 72/ L— PEDERICE -
THRENBEAR, OH-f 4 VBEEZTEERIBLINETH 5. TLTLDERKETIR, »Frrty
ATEZV/RIAFNYNT 74 FDES BEKEREYOERERT 57201, EREDOMENEY
BTE2LEEKEICHET & TH 5,

18684:7 A 8 AZH
(1) MECEBRELZE=R VW THER
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—7, RO T VA Y BEEBLIEZ DI, B = VEEEBETIELN X573 NaOH &
EOET, T3 20MOERICERT 2T ENELLND, Seaman® 3T OFRE LT NHOH g
B L, 19324ic NHOH £ k% (NH Sz iC X B850 S {tDHEFA & - 720 FDHILE, Ricater? i3, 7
57 VEROFIMELE LT, NHOH %743 (NH:Sz 2RV, & LTAHBROT v ) EHEOKR
KICXZERERDF ) v LEHBEOBLEBNE LclEfFE L - T, ZORH»ITIZ, 19314IC,
Hixon, Pererson 36 KT WerkMan 54 (€ K 358 4 ISkt %E 7 € =7 E# (15N) T 110°C, 15hrs
WY BRIFND 5,

CNSRVTHSRBRIT — 2 ICE S DT, REMIHZIR Srove I X O Nickerson? 23775 -
to PNORRT T & AT v—2EFARLE T 5 NHOH-(NH,),S #Ef# %7750, NHOH & (NHgeS O
HE, REBEBIURBEEOBELEMRLT, ROXDWHEREL

1. SAAVREFEEL, NHeA 4 ViEE2ES2, $hiZZOHTH/ VT LEREET 5,

2. FEIRIREE 148~180°C DHIFAN T 20°C D _LF Tt LT e LB 4 5389 %0

3. EBICXZAMNRY b4V ORBIEHEAEL, Ukedi> THEBINELSEEICE S, REICHT 5
B) 7= v EEREES 77 MEBELD bR BBV, '

4 BEDEETHZ. TORER NHE~—RRIEEMELD 10~15% BIEQ E&7 77 MK

fRT v 7 DFEHRBICE TV B,

5. ST OYBUELRES 77 T ERIRLUEA, BETAITBIRBRIBRENC LTH S,

6. NHe~— GBS 3 ot 28 L 0 b IRERMICE LT %,

7. REOEIRMENESTH B, Tibb, MY 7=, Rk, EEEROIBIMLERS
B, BERBHEOBRDELICKDTETH %,

UL LSS5, T OEBIZEEM 120°C PITFicissE, Al 7= Y O— BRI RETE L,
—ITHHE Y — A YHRICRHET B0, SUTOBBERICRNC EBERORMTH 5, IBHY S=>
BFEET VN ) BERICEDIIAT 34, RKICBOTEBOERABR TRAR LIt vV, COHRIZ HS
F7cid NagS 0L THEMULEAIK S LN E59P, NH-X—ZAMBEEMBICENT, ZHEEHRD S-1 4
VBENSNE AR VT OREESER G HHDW, IIEE & EIRE TR OB D pH bREOR
REDHD. VS =YDFA—nbdEES 57 b v T ED EBNLITH %,

TD&HIT NH-~R— ZREHIFED, BRBO S cABHR LY 7= Y Sl ICERET 2L 10D
REZRETZ125E, YEEOBROPIEY BRROIE NVTEEZETHAD LHLEKS, £D
FHHEE LT NaOH IRMOAHICKRERC L 2% 2100 ET 570061, BIBKIEHOETOHERKIZI TN
BRI,

NH -~ — 2 BB R O B LB D 0 &0 S B E LS LIEHS, ZORATH 5 BRE
Y /= v EBRET BHIC, NHe, Na-, S- X0 SH-A A+ vEAGUEBKICL B 7 v h ) EREEX
2NV T EDO TR E LTS - k.

T RO : (a) NaOH-(NH,),S ###, (b) NHOH-NasS #5785, £ LT, ZOHK
A RET 3 B0 HIT, (NHy)S-NaOH 2 B#REH L EITEotke THIHIC, ThbEH
BDrw, BBZ 77 PERE NagS-NaOH 2 By % 5 0% D&M FA—ic LTS - 7o
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o-1. ## ® K

HEREE T FE2FE0 THMES MK 0mm, EE2~3mm OF vy L, BRI Lo Fv 7l aKE

1210.3% TH - 1o
o-2. % %
I-2-a. NaOH-(NH,),S 7%/&

BEERZ 5 7 MEREEE HIRDI), b o & b—fRH7&A% thiiic NaOH-(NH,).S ZEFH DMK E R
E L,

2T NH Vi NagO & LTHF v 7 15%, BiLE (Na0 & LT) % 5 BHIAITIRGGRM L, (NH.aS
RMBOERICRTTHEERE LI

(NH,),S ¥ ® NH~4 & vi3, Bromcresol green %$§R3 & LT, N/10 HCl 5K CT#sEL, S-
1A Vi3, HHBIERAEEBELAY, 7vE=TH AgNO A TER L1,

MRS, B3 4, 500g OD OKEF v A XERE B BAGH CTHRERNB I N2 EEH 4.85/ O
EBRAMEL— 7 v—TIAN, BKIMAT 2hr i 170+£2°C & L, ZOIRET 1.5hrs B L7,
HIIRTHRDOTF » TREBEICKELTOOT 4 R4 YT/ v— 2 —ThlF, 8cut 27 YV —vEELI,
Wl OV FIREMICEY, BOBKE, Bk cv7O—(1/4) % 105°C T 24 hrs & LT/ OV 7R
Rl o7 o—iB (1/4) 13 60°C OHMEAFERREESTHBRL, K[EREO/ NV TEMBITICHL
120 BO DY = v bV TTRARBRET I 510 BB, T4 ZA VTS V— 2 —TREBINEVLF v 7
i, FRIVV—FATDF 4RIV T 74 F—TCHE#LI, 7 )7 7R3 0.1mm, F o FHEREE
1 100 g/min, KEZF v 7° 1008 KL 31 & Ui,

LRERE E KB O D R—REOBER Y 7 7 FERETE -1,

I-2-b. NH,OH-Na,S ##7%

IR DMHBRIITHALE ((Nag0 & LT) %220% & 30% D2RFIEL, BOBDLET VA Y (Na0 &
LTC) % 10% AHICBEELEZ 1<,

NH.OH {#¥# 2, Bromcresol green Z$5/R¥K & LT, N/10 HCl i CTHEE Lo

IR, B4.5, 1502 OD OREF v 75 EARK 1.2/ ORBRAVLEA -+ V—TiICAN, &
KINAT 2hrs ©® 5 180°C £ L, ZDEE% 1.5hrs £o7c, HERPTEMBEOFHRERTH
Wi, LELEA— 7 V—TEBPICERTEER > 72,

ERR T, A— P V=T TFH VT IO GHEEZBELUTRKL, BROEREK pHEZR -1, 7
2B UIctk, A— 7 L—T EBIOK 5 ORBZIEREALTTF v 72U%UKEL, BLIKT 1 24
VFTV— 2 TR Ui, MBEARREIL S DRBKIERTIMRL, T4 R4 VT S v—F—ihpiftc, 78w
ZiRE&micEy, RKTLE, Bkt 60°C 0REFERIERSBTEEL, K s v70¥s%, S5
150°C D##RERPT 12hrs 842 U T oV Z7IREE R - oo B VT30V T OB ICH Uiz,

M-2-c. (NH,);S-NaOH 2 B:7&f#

51 BRI 2.5% B XU 5% MIEABBED (NH.)3S AR CHER UIco I3 4.5 & Lico HERM

RBEEE 180+2°C, REEETERKANIE 100 min, EHEERIZ 60min & Ui, 5D F v TR 700
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IR T LRI, T o7 XD BRHELE U TEREREL, £0 pHZWEL,
ERF v TREET 2~ 3 BBk Lictk, HBICKELTPOREKRERSED, ERIC6%S LI
ZO 1 DRHASTNREE, SSICRBAKTHES, DEBINROTHICLDE 1 BEFOLHDOKE/ v

TEATHP D, 7SV OIERE, HKSHTicd i,

BASDODE1IBREMRF Y F3EBOE®D 2, 5, 10, 20 BLU 30% XFEAKEE D NaOH i kD,

WD 2 ODEHTHE 2BEDOMEETTI -7,

12D/ v—7i2 NaOH Hit £ B LT 1hr 0ZBRAETREY, o/ v— 7138 2 BB ORED
YA 21DICA— 2 L— 7 HT 140+2°C, 30min 3EME Ui, SR ERERRIZ 50min T

Hoto

CO2BEMTONT, SICHELCRIETILD MIC, 5 BREAME (NH).S & LT) @ NagS
WIRIC L 258 1 BREMATTIS - oo BIREMH, BRF v 7REFERIRERAUTH 5, 428 NaOH

RIRDHEEMS ERBFICHE LU TITE -7,
I-3. /UL DS

1% 7D NaOH-(NHY),S #ff®k L UBRK 7 5 7 P EMR S 7 OEBEM,
Table 1. Pulping conditions, properties and paper testing results of NaOH— (NH,),S
MRS BeSIREE 170 + 2°C, BEIREETERMA 2 hrs, BB RFEFMA] 1.5hrs
Cooking schedule : 2hrs. to 170°C and 1.5hrs. at 170°C

7#% 8 % Cooking processes NaOH-(NH,).S 7£f# NaOH-(NH,),S cooking
# i &5 Cooking number 1 2 3 4 l 5 10
7% # #w Cooking liquor
£7nh Y Total alkali'(as NagO) % 15
W {t E Sulfidity (as Nay,0) % 0 5) 10 15 20 25
% ol ‘?Hg& (%Léquoé to wood ratiof NeOH cclg 4

al TRk oncentration of Na .
(NHOS 3 NaS ESERE solutions Mol 1.21 1.15 1. 09 1. 03] 0.97 0.91

g 7oid NagS Ak oncentrations
of (NHy)sS or NagS solutions Mol 0 0.03 0.0 0.09 0.1z 0.15

2N EE Pulp yield :

4 I Total yield % 52.16] 51.50, 52.64| 53.66, 57,36* 61.38%

¥k, 27 Screened pulp % 51.26] 50.72| 51.84{ 51,60, 56.40; 60. 48|

8 cut X7 ) V¥4 Screenings % 0.90|  0.78 0.80 2.06/ 0.96 0.90
) 47 = v Lignin: |

%} »¢ v 7° Based on pulp % 6.59] 4,34/ 4.32 5.38 10.56| 17.68

X B K Based on wood % 3.44| 2,24 2.27] 2.89 6.06/ 10.85
~_RY b4~ Pentosans:

%t ¢ v 7 Based on pulp % 21.95] 22,17 23.02 22.43| 20.97| 19.34

xt B K Based on wood % 11.45] 11.420 12.12] 12.04] 12.03| 11.87
M % B Freeness (C. S.) cc 210) 225 220 222 215 212
M0 f% s 5] Beating time min 79| 75| 79| 78 75| 78|
BE & Basis weight g/m2 59.10| 59.95] 60.54] 60.68 59.68 62.21
=2 X Thickness mm 0.066] 0.066] 0.066] 0.067] 0.066 0.070
e E Density glcc 0.89 0.91] 0.92] 0.91] 0.90 0.90
zl Wy & Brecking length km 8.7 9.8 10.4/ 10.5 10.0 9.0
Hpizisi X Burst factor 5.5 6.6 7.1 7.3 6.7 6.2
H5I3e& Tear factor 89.8 90.7] 91.2] 90.5 88.1 88.7
fing & Folding endurance (MIT) times 230 300/ 1,100 990 970 480

*

W

BEAF227 ) 7 74 F—TiE#i L, Refined by laboratory type single disk refiner.
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HKMEFMOBEENS Y /' =v &RV b4 v%, TAPPI standard i€ U7chs»> THHF L7z,
Ry MY VEBRBEETITE -,
o4 #% 1 & 5
JVTIRS VRV I VT XD FKE 220+£10cc (CSF) £ THIRL, Ll JIS i L7chi- THHK, &
KBTI -7

m#FE R & B E

M-1. NaOH-(NH.):S Z##

NaOH-(NH,),S #BOWMIELAEAEZ T T+ EER UIER, SICREODRA—FZHEOEEY
77 FEBEREIE 1RO LB TH -7,

IR D (NHL)3S BOHRAEMT 5 & PRI EEICHEMNT 5, -7 OBRRIERERE L
Y, HETF v TORMESEMICE L 250, —REVESICITRIC L 2BERESTD - 70

PRVTHORY b VEERR, A—RHO%E 57 tEB VT IVETEVBETH 10 27
WA 15% DHBATIE, WALE 10% O#ME C—27 & LT (NHy)sS OnE & ik« iCimd OHn

‘ %R

MR B L OE AR B R BiY 7=V 3BLEOHEME & bIcELL, NE

cooking and normal kraft cooking pulps BWMOBEREE >TWVB, BRPOBEH ) 7=V

(Beech)wood 13, Stone BAt NHi-~— 2 BEERERMRIC BT

U1 & ERE CERERL, 120°C YT TR~
BERRZ 5 7 F#%f# Normal kraft cooking WL, EEHThICREET B,

6 / 8 ? 1 LictsnT, BERR 7 5 7 b %MK © NaS %
y (NH)SS Ic 8823 & iCkD, BKLHOREE
2 10 15 20 25 mRETOHshE, B S =vR3ET 5

1,15  1.09 1.03  0.97]  0.91 COREICONTIE, (NH)sS icxdss ) 7=

0.03  0.06 0.09 0.12 0.15 YOEBAZBHLEZONhEb» 50D, (NHyeS
oI > TY S=vOrEEhdFonsc &
49,49 50.32 50.64  50.85 S51.14 HETHB, NaS L p (NH)S OFH SH- D
49.33 50.16|  50.40,  50.74]  51.04 K
0.1¢  0.16 0.24 0.11 0.10 fRERIRENEEZ LNY, BEERICNT 2EM
3.79  2.98 2.94 2.86 2.37  f1b Na- XD b NHq OFBREVHL™, F4
1.87]  1.50 1.48 1.45 1.21 :
) 7= VHEBRGERE X (NHy),S O X - T @4
22.71) 23.100 23.36] 23.08  23.39
11.24 11.63  11.83  11.73] 11.96 43 LiFEZ 5N, L LIS, NHe- 44
29 239 210 218 215 VOB, AMRIOEBICEE T —F S

70, 75 75 78 80

61.01] 61.48  59.90|  60.59  60.17 DEREHMEES LT3 5E, Kiemerr HV3s
0.069] 0.067| 0.065] 0.067]  0.066

0.88  0.91 0.92 0.91 0.92 B LAEIIC, V7= ERK(IHOBERIES

9.2 9.8 9.9 10.1 10.6

5.8 6.4 6.6 6.9 7.2 ) S =Y OBFMAVREINT, +oBHKY =V
94,4  95.0 91.2 91.4 91.4

350 710 700) 770 860 MW AINLLKEBETHAD,

Eddph, NHOHBFKDY 7= vicdd 5 Rt
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#2R 75D NH,OH-NagS Fg )7 DORBEHELE
Table 2. Pulping conditions and properties of NH40H—Na25 cooking
IR & M REIERE 180°C, HERETERM 2hrs, SEEEARIEM 1.5hrs
Cooking schedule: 2 hrs. to 180°C, and 1.5hrs. at 180°C.

% &5 Cooking number 12 10 3 2 1 11

% f# W Cooking liquor
4£7A 1) Total alkali (as NagO) % 20| 30 40 50 60 70|
B b E Sulfidity (as Na,0) % 20
W ﬁﬁgigor to wood ratio cclg 4.5
NH,OH A Concentration of NH,OH
solutions Mol 0.52 0. 77 1. 03 1.29 1.55 1.81
NagS iAW EE Concentration of NagS
& solutions Mol
# B E /1 Pressure at maximum
temperature kg/cm? 11.0] 12. 5 13.0 14.0 15. 0f 15. 5

}%ﬁ#%ﬁ&ﬂ%@ pH pH of final cooking liquor 10.5| 10,6 10.9] 11.0 11.2 11.3

27 IER  Pulp yield
) /"= v Lignin:
xf2¢ v 7 Based on pulp
st JH A& Based on wood
~ b4 Pentosans:
xf »¢ v 77 Based on pulp
5t B A& Based on wood

0.06f 0.09( 0.12 0.16/ 0.19] 0.23

71.89] 65.13] 62.15 57.80] 57.92 57.53

18.53] 15.75] 15,02 13.14] 13.01] 12.66
13.32] 10.26| 9.33] 7.59 7.54 7.28

19.48 19.34| 19.06| 18.45 17.36 17.29
14,01} 12.59] 11.84 10.66/ 10.05 9.9

VR R W

Ve IE NaOH i & D 070 % T B, Stove 5 4 1~ 3N @ NH,OH AHIC X 2@ TIE
By 7= Y EBICELS, ST D) S VEERE 10% DUTICT 3 IC3ERREEE 14.5NEELE
L, H6~7, 180~210°C T 1hr DI FEMUIBTNITR SRV T EEZHEL TS, T 2 DoE
Tlt, ZOLSKHBEBERICEDPOLLT, <V 4 YOBEEBERKDE - e b, NHOH KK
DORK(CHBEERE, NaOH BFRIVERITNINCT LHELETH %,

DT LERENRBOBRICOGFEDLN TS, #7) S=VvEBOH T E { IROKBRHHEA T, Bk
BEOBME & &ICHRESSMBICHL LD, BIHBIERNTR, A—RHEOEE 77 b 7LD b8
Vo LipUTEHS, BRILE 10~15% OffZE—7 & LT, LEbY /=Y 0B E & dICEEIRAR
5,

NHy 4 # Vi Na-A4 & Vv &0 b o—2A0YBIMEE ZZ 0hE0H, BH Y 7= Oy —
AVEBE~NOBERELZEEIBRY /= Y OBMIEALERS Y, WhATBIRBIICHT 5 ZEBBK
EVLEEING,

M-2. NH.OH-Na.S %%

NH,OH-Na,S ZEORERERLIOBE2RTH 5,

LT OEEINE EBICY 7= VIZBBIRICIEH 2SS, HLEORINEER Y 7/ = VEELHED 5,
ERAEERTIIV 2D /= VEHOBERABE 54, TO LD/ v DY) 7= VB 10%
WIRICI B & O BRBEEICE DN D, BILE 20% OB TR LORGHEL, v ) S=VEBT~8%
DL AILDEDN, 2TvHY) 50~70% OBWETRIBEALHRKY /= vidEEah-7cds, WEZE
0FICT B E, ThHREHINTRITERMNCETT 5,

415bhb, Na- BXU SH-A 4 ¥ O NH-A & v icxtd 2@ a88ns 5 L) 7= Vid#ES, £
NBEDBAIKIE, KRKBESEMLTORY /= vi3EBLALETTORESARNICRDN S, &
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RS : 44 Y ORIGHRHD SHE-T, COLIURR
pulps from BUNA (Beech) wood ABTEDTHSS.
ERBOBEE TG Y /= Y OBE LR
i, COESURMETHES 5, LT,
W7DY J= Y HFEDOE D& HEESF T bt
1 20 30 40 . 50) 60 wFED BEPDPKRE,
4?(5) _ M-3. (NH.)2S-NaOH # X ¢} Na:S-NaOH
0.23 . 0.45 0. 68 0. 90 1. 13 1.35 2 YRR
Ll 2 BHORMEED 55 5HED KE VT
3, NHOH X0 (NH\S © RRHENIIEER Y
57 M ERIIC F T B, NHOH-(NHD)S #%-
20.38 15.79| 15.39 13.87 10.52 6.75 WOB) /7= Y OBIRY 77 PR F—RATD
14.54/ 10,26| 9.30| 7.70] 5.69 3.42 KROBARHBLEVR, ChRBEEEEICH
18.44 18.60| 18.57| 18.25 17.45 17.20 <4 BC EICXDIENTBC ENTE, ZOBAT
13.15/ 12.08 11.22] 10,51 9. 28 8.73 : - - - -
- . b, RAKICADHBIBIR Y 7 7 by TICHANT
. EBICE D, UirBic, NHy, S- %X0 SH-
A4 VI Na-A & ¥ 53lib - 1 HIRIC X BHEMETIE, Y 7= Y S8 I D, <~V b Y Ol
WS HEDREETSS S o T ORIEARET 27001, FRBHBIEROME £ 1OV TZ DK
R ERE LT AT, o
(NH)gS #5H T3 1 B8 7ok, NaOH 7k CHi 4 SAF %252 T 3% L7c (NH.),S-NaOH 2 Bt
EBDBENTE B, ' i
EORBAERLIEONBS 3ETH S, , -
2 BREBOBMEN SV TIE, &IORMRE OBFEARTT 58 1~3ROXSIKk5,
T& MR, s B O NaOH BIIC L 3, % 2 BULBAHONNEE S 5 DI » L ERTH
" %o NaOH MBS BETRBELSICY /=Y, V4 Y ORSES XCEARBOBDLLH
LTH B, ZhBlEOMEICH O TERMELS, 1hr O (1) KB BB 7= Vi NaOH 8
B 10% AL LT, MRBESMMICONTRAT S &0 > ABRBBAER Lo <Y b VRl
" NaOH # 5 ~ 10% B TII9 5 <, DISBEMMICH L CERMICREL®R 2 IclT. #BRELT,
TG 2 DOEMICKES 13 KD NaOH FBEFIC 17 3 BRI, <V 7BEY 7=V B0z
NITEDe THIRHLT, ) 7= Y ORILAEEOREIC X 228 (1) T3, 10 NaOH BB 10% Ll
CERBOTH ALY 7= VKM OFRISEARIEL L, BEBNE S bIC) 7= BRI,
}«/rﬁzoﬁm@Mmﬁgﬁﬁmmonrﬁmfam MﬂHﬁﬁm%&%%E@%&ﬁ@%%ﬁ
CBLAERED ST, , ‘
(Nmns%@rcgn¢xua—/u,ﬁ@*m%kuuowmnﬁ&u;a%mrm;oﬁmum
RWRIRED B85, MBRESEL S E, ')7-—/(D-7121'—Jlfﬂrﬁmtl:.?“ﬁ’]{&@%élcﬁ, NaOH #
CHICK BT KRS, FAY S = OB RS AICEE LT AR LR SN,
L Ltdss, (NHDS 0k Y /=Y OF & —mfLENREZ E, DLEOBEASERE-TL 5.

13 8 7 6 4 9

0.05{ 0.10 0.15 0.19 0.24 0.29

10.0p 11.5 12.0 13.0j 13. 5 14.0
10.3] - 10.6/ 10.8 11.1 11.3 11.7

71.33 64.96| 69.43 57.57 54,13 50.72




H3K 7T+D (NHy)S-NaOH 2 BEMROEMBEM LV THFRER

Table 3. Pulping conditions and properties of (NH,),S-NaOH two- stage cooking pulps from BUNA (Beech) wood
I I m
#* ﬁlq’:‘ % 5 Cooking number 18 19 [ 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
¥ 1 B 1st stage cooking*
(NHY)2S /AIRIBE
Concentration of (NH¢),;S soulutions
x JR A& Based on wood % 2.5 5.0
£ ) & F Molarity Mol | 0.082 0. 162
& K Liquor to wood ratio cc/g 4.5 4.5
REE N ) 10 10.5
Pressure at maximum temperature .
R THO pH L 9,85 10.7
pH of final cooking liquor . .
2 Py7E#E  2nd stage cooking
NaOH /A8 EE .
Concentration of NaOH solutions .
xt B A Based on wood % 0 2 5 10] 20 30 2 5 10 20| 30| (0] 2| 5 10 20 30
£ v E E Molarity Mol 0.011]| 0.028] 0.056| 0.111f 0,167
i’ H. Liquor to wood ratio cc/g — 4.5 . 4.5 —| 4.5
7 #2 & # Cooking schedule —| 1hr %@ Boiling for 1 hr. RS RE 140°C, F|ERR] SO — REHERE 140°C, Z(|3EMR 50
min, - {£#E] 30 min min, £ 30 min
50 min. to 140°C and 30 min. 50 min. to 140°C and 30 min.
at 140°C at 140°C
s 7N Pulp yield
NE | BREMENT .
Based on pulp after 1st stage % 89.77| 82.27| 81.96| 82.72| 83.44| 89.83| 83.28 76.64| 75.20 67.50 98.97| 86.40| 79.27| 77.15| 77.29
cooking
x B K Based on wood % | 80.79| 72.52| 66.47| 66.21| 66.82| 67.41| 72.57| 67.28) 61.92| 60.75| 54.53| 71.88| 71, 14| 62. 11| 56.98| 55. 46| 55.56
) S = L1gn1n
A% 7 Based on pulp % | 22.54] 19.76| 15.76| 14.79| 15.62 17.71| 19.28| 15.94| 13.25| 12.60| 12.12| 18.28 17.37| 11.98 8.85 7.68| 10.19
i‘j JB &K Based on wood % | 18.21| 14.33) 10.47| 9.80| 10.44| 11.94| 13.99| 10.72| 8.20| 7.65 6.61| 13.14| 12.36| 7.44| 5.04] 4.26| 5.66
~ b4 Pentosans : .
%t »¢ v 7 Based on pulp % | 19.31| 18.20] 19.02| 19.14] 17.75 15.89| 17.96| 18.94| 18.63| 16.96| 18.75 19.72| 19. 41| 20.91| 20. 43| 18.55| 14.52
X B oK Base;d on wood % | 15.60| 13.20| 12.64] 12.67| 11.86 10.71| 13.04| 12.74| 11.53| 10.30| 10.23| 14.18] 13.81| 12.99| 11.64| 10.28 8.07

RIS : BEEEI0£2°C, REBETEMRRN 100min, REEEFERHR 60min

* Cooking schedule :

100 min. to 180°C, and 60 min. at 180°C.

TR HEEERY

=612 &
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85
* 1 R %A * 2 R kAR
80 Ist stage cooking _2nd slage cooking
2.5% based on wood
3 =1 (\n %S solution ! hr ot 100°C
8 -o— I " 30min at 140°C
: O0-I 5.0% " "
4 5.0%/(0s (NH,),S) N
b4 75 -o-W Na, S solution
‘§ ’
P
70
b
2
65
pd
L3
=
60
B
=3
55
50
&
02 5 10 20 30
NaOH %8 & %3 RAK

Concentration of NaOH solution %(bosed on wood)
FE1IXR (NHp,-NaOH B XU NagS-
NaOH 2 ByEfRic B 1 2 BIREH &
WTREE OB K
Fig. 1 Relationship between pulping
conditions and yield of (NH,)S-
NaOH and NayS-NaOH two stage
cooking pulps from beech.

o

% %3 JR K (based on wood)

Ry
Pentosans in pulp

2 5 10 2‘0 3.0
NaOH &% 3 %54 AR
[of tration of NaOH solution %(based on wood)

% XK (based on wood)

“/ Lignin in pulp

yr=

02 5 1o 20 30
NaOH B&RAE % SRR
Concentration of NaOH solution % (based on wood)

®g2 (NH)S-NaOH # X ¥ Na,S-
NaOH 2 B:RfRIC B 1) 2 iR p &0
WTHRARR (Y 7'=v) LDBEKk

Fig. 2 Relationship between pulping
conditions and properties (Lignin)
of (NH,);S-NaOH and Na,S-NaOH
two stage cooking pulps from beech.

3K (NHyS-NaOH & & ¥ Na,S-
NaOH 2 B¥EMRIC B 2 MG & o
THER (v by V) EOBRK

Fig. 3 Relationship between pulping
conditions and properties (Pentosans)
of (NH,);S-NaOH and NayS-NaOH
two stage cooking pulps from beech.
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I i385 1 By > (NHL).S BB EORELM B 1cnBEEE IOfEE L, £OMOEHIZIV - IVREL
LTI -7,

% 2 Bt NaOH B 2 BMEORY /= iE, 1, 1, mmfﬂé&&ﬂﬁ&f,%ﬁm%gmﬁ
bz, %ﬂﬁk@ﬁﬁckwf%i%éb,%1&§%®(N&hsﬁ%ﬁﬁﬂm<métﬁ$§
5250, BE20% EHE UTSHELCERREECED, 1 THONCKREIMEIA: NaOH RO
BEDSMCETUTEbNIZ LI 5,

o O BRI, (NHYS BRI X-TAohic BN EF A~ VILED )V 7=Vid, 2RO
NaOH #fRicE 1) 5 NaOH EESEWOIEREMASISOMEESN, Licht-> TIEHSEEICRsC &%
LT3,

~f,«/r#/wﬁmﬁmNxmﬁ&ﬁﬁma&ﬁﬁ%mmwﬁéoNﬂHéﬁm~m%@%%
TRIEBEACAUEBERERTS, ThiD bERETEI, TLDHPPEN, U» L, (NHp,S
BROS OEMTIIBENEL 25 LIBHEDLZ 3,

(NH);S D (NH)SS WEASE 85 L, <~Y MY Y RIRHERE D NaOH LI T i Loy
WERBILEDEbDEEZ SN D, ‘

ThSDBRE NagS IR & LTAH B7c0ic, B 1B% NaS iiic X 311 & A—&4ORBET
Bolo TOEREBELEBIVE1~3XONTH 3

4R TS D NaS-NaOH 2 B, <)v 7 ORISR TTRE
Table 4. Pulping conditions and properties, of NayS-NaOH two-
stage. cooking pulps from BUNA (Beech) wood

v
#Z B F 5 Cooking number 35 36 37 38 39 40
81 BEM st stage cooking*
NagS 75k Concentration: of Nd,S solutions
% B K Based on.wood (as (NH,),S) % 5.0
€ )V B E Molarity, Mol 0.163
H Liquor to wood’ ratio cclg 4.5
7% # = 1 Pressure at maximum temperature
kg/cm? 10.5
7B THD pH pH of final cooking liquor 4,95
2 2 Be7EfE  2nd stage cooking**
NaOH A% EE Concentration of NaOH solutlons
5'(‘3‘ JH AR Based on wood % 0 2 5 10 20) 30
£ )V B E Molarity Mol —{ 0.011] 0.028 0.056] 0,111} 0.167
. Liquor to wood ratio cclg — 4.5

2 FIRE  Pulp yield :
X5 1 BR7EE, v 7 Based on pulp after 1st )
stage cooking 95.87| 76.99| 74.34) 73.39| 70.78
j‘d B K Based on wood 70.00| 67.10] 53.89] 52.03/ 51.37| 49.56
v Lignin:
jrj s¢ jiv 7 Based on pulp
%t [ /K Based on wood
v b4~ Pentosans :
Xf »¢ v 7 Based on pulp
%t B kK Based on wood

®

N 23,09 20.70, 12.39 11.16] 9.63 9.87
16.16/ 13.89] 6.68] 5.81] 4,95 4.89

N

~ , _ .
15.28| 14.61] 13.81| 13.56/ 12.90| 10.79
10.69| 9.80 7.44| 7.06] 6.63 5.35

* %K 4 4R BEEE 180 + 2°C, BEREETIERE 100 min, BERERHEE 60 min
Cooking schedule ¢ 100 min. to 180°C and 60 min. at 180°C.

KR & BRBEE 140 £ 2°C, ﬁﬁﬁﬁﬂéﬁ@mmm,%ﬁﬁﬁﬁﬁﬁ@%mm
Cooking schedule : 50 min. to 140°C and 30 min. at 140°C. - -

RN
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BARETHEMINB LNV TOBHAY by VESIIICHRTEBIEL, LD bIREOENKE
WZ ETHBo (NHyeS & NagS %M & ORMICERWIBERNH LT Ldsbh 2,

F1REBOENI, COERRICAVONCBERETIR, MEMCEZRED Shith -k, BRKOD
EEBMK pH BRIFERZ T v A YV #HA0.DEEL, »OBEEIMCXY pH b E 548, ®ETERYW. 95
ZRT . REORRIAEID W2HBEL, R 7S=ViEdHIBED. TOERELT, RV IH VO
BHEMBEREICE LS,

TNOORKEDP D, NagS OAMICHT ZHBRIER, ET7 00 ) IKIMEOREIC LD, Na-A %
vHREAHEESNS, £ LT, SH-M & v OFfs&EE 2 pH fRICENT, ) /=YD F A~k
o X5, Na-A A VORI, BMPRICK T, EFEKIT HS 28 Lo >BENICBITLTY /=
vOBEHMBIEES, ChieR LT, (NHpsS BETIE NH-1 & Y ORBAEBESDIL, HREIEC
SH-4 # VEREDE W pH BEAL SRTNh3Z L3, Z2LT, SH-4 A VIRKBTVFELT Y
-T—FUEADYINIT NagS BBLD b REL, LAhoT F4—WEENRED. KIEEmRHE NH-
AZFVEDRAERY AV EHEFESINE, LHLEAS, NHOH ZnHEO BY 7 = vihid NaOH
WCHARTEEIEL, NaOH ERBICHMET IR /= VEXZ 3ICi3N 15~20 50 BEEAVELT S &
ZAHpoW; NHOOH O <7 M) —ns'Y € n—n-g-77 ¥ V-2 — 7 VOUNRIER NaOH kb 4
HOLEEING, NHOH O F—MtEEHIC OO T, EREENH S OBOOTIALEL
FRAN

&L LT, NHe, Na-, S- BLU SH-44 ¥ ZRVERIC £ 5 Th )V EREBEZRY 7= v 8
s RY M VORBIEES 77 VERELD PPEVDS, NH-R—ABBEERELID &L, ¥
BI 77 MEREB XU NH-X— 2MBIERREORAETIRLUT XD EREBLESVIEZ LS E
FTERIRSHEBRD UL 5o U LSS, NHeA A VICKBRMBEIKIEHDF IR, Na-4 % vick
NTEECENEOIFIAIL, BY 7= v BRBENZL O, BINREE VA LOERKE LTOM
HRFEFCEE S, ‘

NH-~N— ZREBRIEERRIC Na-4 & ¥ b - 7= HBTR F4 Y 7= Y OZREAB B LAEML
T BY 7= Y BBALL, EDLET AN Y EORIICEID ~I v o — 2 DBBERBEDC &b -
oo

LkdisT, ChAKRRT BICH, RRRISTIKTSZF4Y 7/'= Y0 2 REAEHIET 3101,
BECHEETIHMELH U2 RS LAFSE 2D, NHAEIC ) /= v OMRE B3 ZOBKENLES
H LB ERIC EBEFE L,

v ¥

Srone S BfTIE - fo NH-RERIERBORKMHRERDIINE 0D RIEEDL LSS5, ZORA
TH BMMICTERE LR ) /= Y ARET 51pic, NHe, Na-, S 8X0 SH-A 4 VA ATRR
IC X BEBITOVTRI AT - 720

NaOH-(NH,);S % (&7 0% ) 156% (NagO & U T), BifbBE 2~25% (Na0 & LT), 4,
170°C T 1.5 hr #f#) Tid (NHpsS OLFBIHMT 212 L WNRRIEWT 20, BY 7 =V b 2 hIKET
LTE 50 RV b Y ORMBA—REOLES 77 b VT XD bETLUVEETS -7,
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NH,OH-Na,S #f# (&7 w74 10~70% (Nag0 & L7T), BiftE 20 8X U 30% (Na,0 & LT), ¥
H. 4.5, 180°C, 1.5hr &) TIZINEHS50.72~71.89%, Y 7= 3.42~14.54% (HEAK), <~V b
+ v 8.73~14.01% (EAR) OREAD S NTEZ I, V5= viZdATrh ) OHNE & bickEBERICHE
S, WABEOREMIIMRY) /= vHEE#ED 5.

UL 2 BOEBHETREBETROBREETICAIBL ) 7= Y OBEILBRERESNII, - 1,

ZLT, ZNoDHRPSOHMWT 250, LRROEBERYEE, 7 7 PEMES XU NH-~—
ARBERBRELIDH T3,

ZORAZERATZ1c0ic, 3 7wv—7 D (NHy)S-NaOH 2 Begfi# %1718 - 72,

1 BRAFREIE (NHOS IAREEE 2.5% WEAR (V' v—71BXCI), 5BHEKR (7 v—71D),
Wil 4.5, 180°C, Lhr ML, #F 2 BkMRid NaOH EEBE 2, 5, 10, 20 B & U8 30% XK, #ls
4.5, BT TiZ 1hr ik, TH XTI 140°C, 30 min 7E#E L,

NS ERBORDIT, B1BRIC5% (NHeS & LT) NaS ks fd 288 (FSv—7N) %
Aot RBEHRBIIERUTH %,

ThoDRHEROKR DK X HHIT

a) (NHOS #fEIhicY) /= vid, $2 B NaOH BN E O S 2BEL ETRIENBEL 30,
ZUT, ZOBREMARY /=Y F4—ntELRBRMICE - THEIZN S (B3RBIUE2H-
I, I,

b) # 1B (NHpsS %ﬁ@miﬁﬁb%ﬁﬂ'ﬂ{&w%é, %5 2 B¢ NaOH AR O UG HEE & TR A
{LOBRIMEBERE (6 %% T) TRELALEEERETH S, ThULOBETRRENS5E
ERIEHEL (F3%, B2HLUIN-1, I,

c) (NHpeS EICEBNT, BEMEMBHKY) /=2 EESEEH, <V VO bR,
Fl—%HD NaS R TIZ, BY 7=vB2h kb B, RV b VRIEFIDELES GB3~4 &
BIUE2~3K-1, M, V), '

d) (NH,S ZMOEMIE TH pH 12 SH-4 & Y EHEOE L3 HABER TN S C MR DILs
U, Na,SZE@TIREICBREMICHETT 5,

TS DR SIRD &S RIEENI NG,

1) (NH)S ERTTELFAY F=Vid, 10% HEAL LD NaOH BKIC X 2 BB TR IDAER L
KWK EDEH, £0F A — VLENKEIEOBEAICIMBEEEREL 85 L, Tih YKk R
B S=VOBRMAICBELTHERERET, LT, FA-VEERELBIER513E, BH2R
NaOH #MBic B0 2 L D EEED NaOH OFEIR ) 7= Y OMERIEE{RES ¥ 5,

2) NH~— ZBEBIERIIC 81 2 NHe-4 4 v ORESWNBIRLL, SH- 1A VIKXBTVELT
Y- —FAEAOYNIIEE S 77 PEBIDREN, '

3) NHOH 0Bty /" = v#Hid NaOH ic b~ THEFIBEODS (1/156~1/20), REAZEF B Lick
S TRIEEN, ZOBATHRKIHDHBIIFETITNED,

¥ LT, NHe, Na-, S-BLUSH-A 4 Y 2EOBKICE S 7oh )V EIBER R 7= VB8
s RV MY VORBIIEES 77 FERELDPPENS, NH- N 2HBRIEEFELD bE B
B 57 MEREB LU NH-~— 2 RREEREORAEHMLT, KOBRELE SVTELLS L
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FTERBBRID L5700 LBLEMS, NHe-A 4 ViK & 2AMKRKICHDRIEIZ Na-4 # Vit~
THEBIBENENSFENBHEDT, BY 7/=YHRRENZ IO, SRELZE VT LOERRE L
TOMEAEIETICED 5.

ZLT, TOWRFHEE LT, BRREHHEATS2F4Y 7 = V0 2 REAZMILT 2700ic, A
5T 2 EMESH U EREHESE I, NHAER ) 7= VOSMEE KT 7 OE/KIEEED 2
HRAEBRRCENEZIONS,

X Kk
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Alkaline Pulping of Beech Wood with Cookihg Liquor containing
Ammonium-, Sodium-, Sulfide- and Hydrosulfide-ions

Kuninori Usami

(Résumé)

The pulping of wood with cooking liquor containing ammonium hydroxide and ammonium
sulfide which has been reported by Stone and Nickerson, gives pulps with higher carbohydrate-
to-lignin ratios than those of the conventional kraft pulps, but the colour of the pulps are very
dark because lignin dissolved in the spent liquor, which has penetrated into the lumen of the
cell, is solidified and precipitated when the temperature dropped below 120 deg. C. Lignin
precipitated in the lumien is not removed successfully with solvents excepting sodium hydroxide.

This study, based on the alkaline pulping tests using beech wood, was undertaken to de-
termine the effect of the cooking liquor with ammonium-, sodium-, sulfide- and hydrosulfide-
ions on removing of lignin precipitated in the lumen.

A) Sodium hydroxide-ammonium sulfide cooking [Total alkali 15% (as Nay0), sulfidity 2
~25% (as Nag0), liquor-to-wood ratio 4cc/g, and cooked for 1.5hrs at 170 deg. CJ.

Increasing the sulfidity caused an increase in pulp yield, and residual lignin was increased
in parallel with the pulp' yield. Removal of pentosans in this cocking was little less than that
of the normal kraft cooking (Table 1).

B) Ammonium hydroxide-sodium sulfide cookmg [Total alkali 10~70% (as Nag0), sulfidity
20 and 30% (as Nay0), liquor-to-wood ratio 4.5cc/g, and cooked for 1.5hrs at 180 deg. C).

The properties of pulps obtained were as follows : Lignin 3.42 ~14.54 95, pentosans 8.73 ~
14.01 % and pulps yield 50.72 ~71.89 % (based on wood).

The rate of delignification increased with increasing total alkali and sulfidity (Table 2).

In the processes both A and B, the rate of delignification was low, and the removing pen-
tosans was higher than that of ammonium base sulfate cooking. In order to explain these
phenomena the followmg two-stage cooking experiments were carried out :

i) Ammonium sulfide-sodium hydroxide two-stage cooking

ii) Sodium sulfide-sodium hydroxide two-stage cooking

The results of this work are summarized in Table 3, 4 and Fig. 1~3.

In the second stage cooking, the rate of delignification of the chips cooked with ammonium
sulfide solutions was decreased over some concentration of sodium hydroxide solution. This
critical point of delignification was influenced by thiolation of lignin and the cooking condition
of sodium hydroxide (Fig. 2-1, III).

When the lower concentration of chemicals (2.5 per cent of ammonium sulfide) was used
in the first stage cooking, the effect of cooking temperature to the pulping rate in the second
stage cooking was not found up to five percent concentration of sodium hydroxide. The pulp-
ing rate in this stage using higher than five per cent of sodium hydroxide solution, however,
increased with increasing cooking temperature (Fig. 2-1, 1I).

In the case of the ammonium sulfide cooking, delignification increased with increasing the
concentrations of cooking chemicals, and removing pentosans progressed a little. In the case
of the sodium sulfide cooking using same cooking conditions of the former, however, delignifica-

tion was worse than that of the former, and removal of pentosans were increased considerably
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(Fig. 2 and 3-II, III, IV).

The pH of the final cooking liquor in the ammonium sulfide cooking was not off the
extent of the highest equilibrium of hydrosulfide ion. On the other hand, the pH of the final
cooking liquor in the sodium sulfide cooking was progressed always to acidity.

Based upon these results, the following presumption seemed appropriate.

1) Thiolignin obtained in the ammonium sulfide cooking is transformed into undissolved
forms boiling with over ten per cent sodium hydroxide solutions. In the case of the lower rate
of thiolation, however, more lignin is removed with increasing cooking temperature in the
second stage cooking because alkaline hydrolysis precedes condensation reaction. In the case of
the higher rate of thiolation of lignin, the more the concentrations of sodium hydroxide solu-
tion in the second stage cooking is increased, the more the condensation reaction is progressed.

2) On the ammonium base sulfate cooking, bonding and consumption of ammonium ion
for lignin are low, and the fragmentation of alkylaryl ethers with hydrosulfide ion is larger
than that of the conventional kraft cooking.

3) The ability of delignification with ammonium hydroxide is too small in comparison
with sodium hydroxide, but this poor ability is improved in conformity with increasing concen-
tration of ammonium hydroxide. The degradation of carbohydrates is very small in such a case.

It may be concluded that delignification of wood cooked with the solution containing
ammonium-, sodium-, sulfide- and hydrosulfide-ions is worse than that of the ammonium base
sulfate cooking because condensation of thiolignin precedes alkaline hydrolysis by existence of
sodium ion, and then degradation of hemicellulose is progressed for increasing alkalinity of the
cooking liquor.



