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Solvolysis Pulping (Part 3)
Bleaching of solvolysis pulp*
By
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MEBLFIERI LTV, ¥, ROV AMUETE, trr—ANADY 7= vig L DR
DL FEEREROBRR L LTERSh, T LIEHCHAIA TS LR,
ZZ CEAECRMBGZRATMERAH COBTE 2 FRBE KR X5 4 JLEOHE
NEebhT\wb, KLEINERTY 3= 2 / ——Kie X B4 F{bik%, SCHWEERSD (17 = /
—V—EB X5 TLEERRE LTV, bhbhOoWRECHERS 7 =/ -2+ B (F
CIZ7Vvy—n ) i Xa VAR Y vAalLABEOWERITE, $ - REEH LD LT
v~ ORBEREOWTTTERE L, §ETOWRRTIE, VA R) YAALTETY T
Wy ART A=V <V MBEBRTLE, 757 VEEXDABIRERT2 57 b AL TRIERT S
V- VREYETAALTRBRLAE LOMANELR TV 5,

IARY Y RAATENERAER 7 e £ ADE I FET AV D — PEE
B Th{EBARIRFTILENRD D, VAH) VAL FBETHORE AL TREBREL
TWwb Y 7= v SPESRCKPEDZRERKY, BxoBEARNCHTIRIGHL RIS &
BEINI, LENRST, YARY YA A TOEAKRKEY 757 VERLEFOBR Y — 7 v A
X, BELKE P EA, 4 Vv @BE, &V v-aEbkE Z-P)EE, ERO-7Tr
7Y i (B EMLIESR D)-7 4 7 U i (B —EER e, C-E-D-PGBEMLASR)-D &
A, C/DER: _BILERLER-E-D-E-D EA%fTicv, R LL,

2. % ]

2.1 YAKUSRNLTORY

YIHVAF LT (25— Y F=vE21%) 150gH 184Kt -+ 27 v—TIAR,
PV A EREHEDESE (7 v/ —n[K=5:5~8:2) TRALLBEYELETTML,
180°C, 0 FIZEME LIz, A— b 27 V-7 3SMHBRETHB LT A TERMOIHL, =5/ —
N ERTHIRGEE Lic, ¥, —HOAATRDOWTT= & 2 — A LR THE LK, 26
12 05 % 7211 1.0% NaOH KBS T L,

22 EOAER

AT = OBREIHEOTETHIE L, MAEILPFL 22 B VT, ATHRE
10%, MRE 18kg/cm?, 2 UV 7 5 v 2 0.5 mm D& TIT7 - 7=, W8k &K IRBL JIS Biic
BULTiksoTc.

23 X =]

IARY YAV TRUTORECEAL, BV 7ORE, ARE, PCit 17
BELHE L, PCHIIEAKD AL 7ORBE L ELSEEREBT TI05°C T2UEE=—v v
VY LEBOHBEDEND S LD, AL THERF=FL v 7 I VETHELE,

2.3.1 BEBEKE P) EaA
AN THRBEKTTHIER L, HO, 03B RET LSRRI+ vERELL, IERED
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SATEHE)=FUVREE D, BREMDrABY — & -0 75%) L~ 759 A
F-sn7005%) wing, BEKEML T AL 7BESY 10% Lz, H0, ZFFEEML TH
) =F U VREHAL, KBCAKTI0°C2BRIEA Lk, ik, BREEALLE ZcpHI
winbigWBEik NaOH iz C pH 11 A% Uiz, BEAE Lic A A LHERBK T4
wE Lic,

2.3.2 XJv DA EFJ-BHILKE (Z-P) BB

AN TERERC LTS 0OGKkR Lic, ERD AV 7EAK7 5 A=21kE Y, 3%
DAV vEFUBEREZ VL, BRTIOSELIO0FEALL, &£V VDAL THDORK
MEX 0 H5OEATHI0E, 60 5DEATH2, Litote, BHE A 7L HGEK T
Bl + 7 vBAK BAAVIO—BiED, 23 10HECELTIbI HO, BA%
Theotc, HOp OFMEIIX 2 7 4% & Lz,

2.3.3 C-E-D-E-D, C-E-D-P-D, C/D-E-D-E-D [k 3EH

1) EHRAHE(C)

BBKCER I ARREZATERKEA M L, BRKOBHEFRERL 7 v vEY T
BE LI, <A 7Dr—=fiD L0~12 (FEOBHERL S UERKERICE, 1+ 78
B2 5% 1 LTEETC 1 HARE L, SRABE, L 72K ok L,

2) T Ah)HH(E)

X7 1.0~20% © NaOH A i imml, <A 7RES10% & LCERE-T
50°C i il LC L BERIALE Utc, BB, <1 7RKTHIEES LT,

3) —mikiERaE (D) ‘

TRAGER Y REKCK X A CTRLER KA AR L, “RERI LA - r 0K
B CRAE IR, ZBUERAKO ZBGEREE IIKERE CHE LY, BRITX LT
1% O_BLEREEUBLEREY <A ez, A TEEX 10% & LT 60~T70°C T 3~
ABERIT I o e, BEE A TR KT Lic, C-E-D-E-D OB A 4£#4:43 Table 1 iR
Lz,

Table 1. Bleaching condition of CEDED sequence

Sequence C E1 D1 Ez Dz

Reagents 2-8 »

(on pulp) (Roe n. x1.0) 1.2-2.0 1.0 1.2 1.0
(%) (Roe n. x1.2)

Temp. Room Room Temp. Room

C) Temp. 50 60 Temp. 70

Time 60 60 180 60 240

(min) 3

Pulp

Consis- 5 10 10 10 10

tency (%)
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Table 2. Bleaching condition of CEDPD sequence

Sequence C E Dy P D,
(R o pulp) 2-8 2.0 1.0 2.0 1.0
on pulp . . . .

(%) (Roe n. X1.2)
Temp. Room

C) Temp. 50 60 70 70
Time
(min) 60 60 180 120 240
Pulp
Consis- 5 10 10 10 10
tency (%)

Table 3. Bleaching condition of C/DEDED sequence

Sequence C/D E, Dy E,; D,
Reagents 2.8
(on(pl;lp) (Roe n. x1.0) 2.0 1.0 1.5 1.0

(7

Temp. Room

¢C) Temp. 50 60 50 70
Time
(min) 60 60 180 60 240
Pulp
Consis- 5 10 10 10 10
tency (%)

4) BRLAEPEA

C-E-D-P-D 0B > — 7 v ATt - BRI KRERAIL 2.3. 1 TR LICRHBCE LT
it otz, BBRLKROHEMEZ A 7X D 2% & L1z, C-E-D-P-D 0 EE4%4#% Table 2
L,

5) WRABBTOERE _RILEROBRA (C/D)

BERABEOL EERE “RLERYEALTHVWA LB TR VWAEXI VL RIFR
BRBVBORBZENRBEIRTVWEY, FZ TRl VARY) Y RAAALTEAL,
C/D-E-D-E-D EA%1Tl\v, ERE_BILERLYRATAHRELRF L, EF L —@LE
EOBRSHIENEFT4:0,3:1,2:2,1:3,0:42 L7, C/DBEOMEIT AL 7D e — ={f
CEROBEYERYAUERL “BLERKORER L v T2z, <1 7RER5% &L
TERT60 9 AE L1z, C/D-E-D-E-D EADORA LML Table 3 iwR L1,

3. BRELE®R
31 YRRYLANIL IO = PREICEXBRTU—XADOKEE
TV =K B:2) DEE T T H v A% 180°C, V4 EBLTHEI- L 7% PFI 3
NTHEAD7 Y —FACNBLTEHE - 1 2FHL, KHEBRE TR, 7V V—a/Kk
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(8:2) DM TIL0°C, 0 HEELTB LRI AL TONEKL574% THRIEY 7= vRi169%
Thotlz, HNRBROKEL Tabled wRLic, PFL s AR X DI@MRETTHRORT?
) — X AMREA L, 12,000 BEET7 U — % A2 199mé ¥ THA L1z, Fig. 1 PFI : A 0fE
ERE7Y) -2 A0BBE YR LI, Kz PFI s AoEGBEEAMNTACORT7 ) —F AR
EROCHMATHZ LR L, HEBEIXKIERN28.7% Th o7, MET S ELETET
L, v— ' BEINETHEEED, 70 —-F22319mé D & F0.72 g/em® ITig - 7,

v— FBETIIANE, HEBEIHTEEII7 ) -2 ANBRIEN19mé 0L XRHLR
<, £h*¥h101lkm, 69, 870 Eicir>tc, WFIRER7 ) —F*A#516mé DL ERBAS
914 Ligotc, Fig. 27V —F ARBIIHThEho v — P BEY 7= » P LTRLI

7Y —FAHNT59mE 55 500 mé DRNL7 V — R ARMETFTTHRE Y — M EENTEI I,
7Y —FAHR500mé 2 200 md OEITIE7 Y — X ADET oW CANE, WHRE LRiT
BMEE I Lioht, HSIBERWRLE, 79 —%X5319ml 0 & THMR, HBEAELE

Table 4. The influence of CSF on the properties of solvolysis pulps*

PFI

ReveLusion 0 3,000 6,000 9,000 12,000
CSF
(mé) 759 516 405 322 199
Brightness 28.7 24.6 21.4 21.9 22.4
(%)
Density
(g/cm?) 0.44 0.65 0.70 0.70 0.72
Break. length
(km) 3.7 9.1 9.7 9.6 10.1
Tear factor 54.3 9.4 81.7 81.4 81.6
Burst factor 0.8 5.7 6.9 6.8 6.9
Fold. endurance 2 219 484 690 870
*) Pulp yield: 57.4%, K.L.: 6.9%
(m1)
« 800
600
°
400 [ ]
;
200 °
0 2000 4000 6000 8000 10000 12000
PFI revolutfon

Fig. 1. Relationship between freeness and PFI revolution.
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FHERR D BERCL - 7ond, HEIBED (W

(-]
ala
8L4 THEMBERR LI, LisioTy T o piseo
WEY VR T T 7Y —FA % 200mé E ::; % %
o 8480 ¥ 2 81800 §
BEXTHEE LILHRRVWERDbRT, 3 2 4 z
3.2 @E{LkRRE " e " s den ©
KDY LAY Y RALTOHBERY
25~30% TH D, 757 + AL FDEBEL e A
hd &L, Y74 b TORBELYDY
2120 2 200
L, Lo T?757 b AL 7DER L
DEBEFCHEBED Y LY YA AL TH S —
800 600 400 200 0
?56215 = kﬁ:?ﬁghﬁio %: T?ﬁ%& ) . Freeness {m1)
Fig. 2. Relationship between freeness
L LTBEBMbKREBC X BB DEARRART, and pulp sheet strength.

Table 512 H:O, i X3V A H ) v AL 7OEARBRER R L, COBEHERCHEHAL
T2 vy —n/k (8:2),180°C, 0 HFHKMBRL, =4 7 —1,K, 056% NaOH KB CH
BLIbDTHD, Plid=x/ — 1 &K THE LK1 7, P22 X5 0.5% NaOH %
BWCHE LR~V 7ORERRLTCW5, H7A450 VGRS & & TREIL59.3%
225 52.8% ¥ TET LA, BIFY 7= v B2 66% 22D 38% KHA L, ¥ -ABEIL264%
mbwﬂ%mmtbko~ﬁ,V—P@Eu%7»wu%%%ﬁkﬁc&fﬁﬁﬁﬁwmm
EEFETFTLEY, fOBERRAELE, ZhbDEENLD, H7 A0 Y ERIZ V7 IREY
ETIRINBHEY 7= vELYHAIE, A TOBEHNREYAEIRLBbhi-. Lk
BoTUTFO HO0, BARIZEHET AV EREBRTRTo TR ER L, HIO, D1 7Y
DOWMEIT1~4% & Lz, HO, ofmBred+s06E, PCli, <A~ 7RHEOCE{E
Fig. 3R L, BB 0, ORME T 5 e oh TR E Lica, H0,4% HBTH
BEMNG5% Linh v At 7T A EEAYR L., PC i H,O, % 2% B Lic: X ETE

Table 5. Results of Hy;O; bleaching

Ex. H;0p Bright. po _ Yield ViSC® Density K.L. CSF £%2%  Tear Burst Fold.
n. ’ .

sity . -~ length factor factor end.
(%) (%) (%) _ (cp) (gfem®) (%) (mf) (km)

PI* 0 2.4 — 59.3 364 068 6.6 320 93 8.8 59 65
Pax* 0 34.7 — 52.8 — 0.70 3.8 370 8.5 95.0 6.1 696
P3 1 457 1.6 527 .268 065 3.6 408 93 8.1 63 62
P4 2 50.5 1.8 - 525 22.0 0.69 3.3 398 9.1 81.7 5.9 463
P5 3 53.7 1.4 ' 52.3 18.6 0.67 3.3 368 9.4 79.9 6.2 528
P6 4 55.5 1.0 52.2 15.5

071 .28 3% .91 7.3 57 416

*) Pulp was washed with ethanol and water.
**) Pulp was washed with ethanol, water and 0.5% NaOH sol.
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Fig. 3. The influence of H;O, bleaching on brightness,
PC number_and viscosity.
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Fig.%4. The influence of H;O; bleaching on yield,
lignin-free yield and lignin content.

RRELIroted, 2% BED HO, 2%EMT5 LEINEotz, Lich->ThHHEEL
Lo H0, ¥EMThEaR 0 RPT5EBbh5, 44 7HER HO, ORMEL KN
B TEL - TkY, BEc HO; 2HEMLTAREYM EIEIHRIIPRL, &
RO EIETT D ENE L bR, Fig 41 HO;, OBRMECHT 5 NERE LORE)Y
7= vEROBREYR L, BBt X sBARY 7= vErbi vl seT, BapEH
BT AERTHB, YAAY VAALT TR H0, BACL VB 7= vERETRIL
fody, IWEITIZEAEE L Linh o7,

Fig. 5 w H;O, DB E £ <1 7 v — P BEOBFRER Lic, HIR & LBAE L HO,
DHEMBCHE VBEIhh o120, B O, #3Z ImMLics 20K R IX94km,
H,0, # 1% L& TOHEHEIZ 63 TERBEO P2 L Vb AEL o, —H, 3
B L Wit 37 B 1 H,O, O RMESSHINT B oh TET Lz,
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o.le AlA o
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(on putp)

Fig. 5. The influence of HyO; bleaching on pulp sheet strength.

U EDERMND, YLRYVYAALTEHETAS Y THETH LRI THINEEY
7r7=vEIEAIL, ABERXRETSZ LR Eh, i, HO, BEDOATHRENH20%
METazedbhrote, LLHO, ORMENHEMTEE A THRENMET L, 5IHBE
PHITRENIMET Lic, —%, HANMRIBEEABEIHOBEARIET LT, ¥,
HO, BA L A 7BV PCHliwR LI, COZEBALTHEBELTWSY 7= vE
NEWZ ERERALTWE EBHRS, Lf:ti;f%ﬂéﬁ'éﬁﬁ DOPINI AHRY ¥ AR
AT RBHREHY 7 = VAEY S LSBBARTL > BERD B L Bbhi,

8.3 FJ/vD)RALK T -RBREKRK (Z-P) ®A

BEME~NOBELEE=2 1 F—-DBEALOERYE T VEAEALERT RN
IhTwaY, HRZETLVEARFOFTHLA V VBRI ENCHEA I ALY
BTWBERbh3, Lhld VY vk X 2BARKIEORIREN X L, ¥ 7= v Bty
BT 50, ARCSEREL AT ERAbRTWABMY, Y ALY YR AN TRA Y v
B¥fTleolcBa, AV 7OBREEL SV TRERCED X 5B Ey 52 5 eRH L, R
HBoOoAALFAizzvy—A K 8:2) OBERT, 180°C, 90 &R 1L, =& 7 — 1, K,1% NaOH
AKBETHE LI O AY, FOEARKEY Table 6 ©R L, EAREA 304X+

Table 6. Result of ozone bleaching (Z) and ozone-H;Q, bleaching (Z-P)

Bleaching Control. yA Z-P Y/ ) Z-P
O3 Treat. Time (min) — 30 — 60 —
O3 Consumption (%) — 86.1 — 33.3 -
K.L. (%) 4.8 0.4 0.3 0.2 0.3
Brightness (%) 30.5 63.3 82.3 74.8 -83.9
PC Number — 2.2 0.6 3.1 0.7
Pulp Viscosity (cp) 32.5 8.6 1.1 6.7 7.8

H,0; bleaching codition
H,0, add..----- 4% (on pulp) Treat. time---+ 2hr
PH oo 11 Temp. «-eeeeeeees 70°C
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YRY 7= vORBRRERT ERBATCHEEIh DA V vONERINE61Y Lith, BEF
) 7= vt 04% FTCRA L, AAEII633% ¥ CHE LA, PCfii:22 & K&l
Lilgolz, S THEEL 8.6cp TR AL FD L 7HEBE 325cp S B LT W& 8o
TEDH, SEEOSBLETLTCEZ b nts, —H, 0 FOBEATIIA V YOHEER
74333% Licotc, CHIIEADRIETY 7= vorRLBEAn+2ET L, BAEB0%
T4V VOBBEREL Lizicdt vV VO RBRMEL st Bbh 3, 60308 T
BB T48Z ki L, BEY 7= vEIi202% P L, ¥, <A 7HEIX67cp T
e b, SEEONBIILETFLTCWE, &V VvEBAR LY ARY YR 70 PC i &
WERY LD REERECEA AL TERE L, TORE, YARY YRAAT TR
ABERTOBEAIET L TWEORESN, RAABRLETERIH T VEBSIh TV,

LI o CTEARH—CET LT W I ERPClizAkELTHREREO—2 L Bbh
fzo A X D EAMOREARRE LTIV AR Y AL LETIRY 7= vORH
BENRAEDZZERBELTCVWASY V= vORERRHEABRC X D EBRRDH D LR ENEL
bhd,

ThSDOEREA YV VEADATHVWABE D A 72 B 5L N THEDOKIBIRET
PBIORT, FRRHERCEERDEVEA IRV ERRLE,

+ YV VvEHTHIEE IhEr - EMHERLEFTERLEAL, IOBVCHEERT
Bicdie, #VVEABDOAATEEILR HO, BAxfThot, H0, 00 74 hDE
MBI 4% & L, HO, BE%2{TIn 5 L HSHABSLEEREIRAIh, A7y —befF
MLTHH—HEBREDY - Eot, 30434V vEALEL V7D HO0, BATIIHAE
12.63.3% b 823% i kL, PCHiiz 2256 06 @A Lic, 726054+ vEA LK
A 7D HO, BHTIIHAEIX 748% 75 839% i kL, PCiiz 31,507 FTHAL
fo. 30404 ¥ VER-H,0, BE LIzt 7021 7HEET 111 cp T V vABK X hEL &k
iz, E1- 6044 YV vEE-H,0, BE Lic L 7D FHEES T8cp TV vALEBH X Y
B hote, Thi HO, BHOBEAECBEVWHREENEH Liclkb L Bbhb, 30
FVVER LAV TE 60404 UV vER L 70 HO, BA#O 2L YoM E % LK T
5EEBEL PCHOEIDID, 4 7HEIXE % 111lcp & 78cp T30 o4+ V' vEHL
AL TOFREBNER R LY., LERSTZ-PEARXTEIBAIIA YV VvEADO LG 2 &
MLTAL 7HEDET2EAIRLEHNIVWERbR, Fl A THREOETZA LT
BIILE LR BKHREANLRMT HDBELEDD ERDIE,

3.4 HEREELCKDIER
3.41 YARUSZNALFOR—L{l, BYVHUBAVESICERE/ ILTOHER

257 P AL Z7OBEADKBRAVWLRTWAERRAKC X5 LBBEAYRALRI,

HERRARC L HEATIRE 1 BoERAE (O CoERFMBLRDRILL kv, BERE
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ke ~=flOWEBC LY BREBBZENTED, 757 07 ¥ A7 74 T
TIXB~vH VB ViR H v A~ flitnb v —=flixd L DB ENTER®, LhLYAE
YYARAAARY 7= vORBERRB e — =l WETHLERS S, FZTYALARY
VARV TDEAOBROBEREMEY M5 ke e —=ffiOREL v — =it d LDBIHO
BEEIcHB~ vy vB» VBOMER T - T,

HEDKERIX Table 7 @R LIz, ABDO AL ALI VY —A/K 5:5~8:2) DBEE T
180°C, 90 Y HEM L THBI, —WD AL AX =% 7 —n, KOBEDIZD, 1% NaOH KB
CIBH®HRIThoTc, v—=flilB~ vy vB» VliiZ A 7ORE) 7= vEOBMEC D
RTKREREERR LI, T, A 7%1% NaOH KEBER CHETHLBE) V= vERR

Table 7. Properties of unbleached solvolysis pulps

Ex. Temp. Time  Sol. Liq. Yield K. L. Roe Perman. Bright. Visco-

B Q) (mim W At gy gy mn g o
1 180 90 5:5 7 45.0 2.22 2.4 13.2 32.1 14.01
- 20%* 180 90 5:5 7 41.3 1.71 1.9 9.0 44.3 15.74
5 180 90 6:4 7 46.8 4,22 5.2 15.8 29.1 29.23
25% 180 90 6:4 7 44.4 2.34 2.3 8.8 36.1 25.54
9 180 90 7:3 7 53.2 4,73 5.9 18.1 28.0 20.84
30* 180 90 7:3 7 51.1 2.78 3.7 11.2 32.4 25.11
14 180 90 8:2 7 59.9 6.91 7.9 19.9 26.4 30.41
35% 180 90 8:2 7 54.4 4.79 5.7 16.1 30.5 32.52

*} Alkali-treated, C: W=Cresol : Water.

(%)

70

O Non-treat. Yield

@ Alkali-treat. Yield

D Non-treat. Lignin-free Yield
65

A Akali-treat. Lignin-free Yield

60 1

55 4

Yield and Lignin-free Yield

50

45

40 r v
5:5 6:4 7:3 8:2
Solvent ({cresol : Water)

Fig. 6. Yield of unbleached solvolysis pulps.
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AFoicde —=ffilE=vi s Vil pIiELinh, CRTOERENELZELTZ
EMTEDBZ ERbhote,

Fig. 6 WIS R & KRB0 TIRBOBFRER L, BERO 7 v/ - L OEERHRT
BEORTIE, V7= vBRANRESCHM LI, ¥LF7AL20EETHEY 7= vOfh
CEBEEO—BLEMT 0, IWRE Y 7= vRARREBA L, LALET A D ) Bl
FLCHBEFO 7 vy A 0HERHEMT AR ORTIREK L Y 7 = vIRAUER B0 5 ]
FEEbb st o1, Fig 7T CBEMARE v —=ff, 777 V) 7= vEOBHFLRLE,
BERD 7 vV —ADEANRSELRBREONTIS -V v ) Z=vENEML, »—=ffOfF
BAEIpote, COZERI VY —ADEEDSCEETEBELTEL A 7RZEATSIC
BCRTEHIERYENTIVBEOBDLERLT WS, HT AV EERTRIET 7~
Vv = vERBA Ue —=fOEIVNE fnoz, Fig. 8 AR ARE, <17
EoRFRERLIc, BEC 7 VvV - VOEERBINTHE? 77—V v ) 7= vEIENT ST
HHBERMET L, LELETAVIEBHRCIVYEHBERAETALELE, Zo#HBE 7L
V= /I B:5) DAL S THEENR 5T, —F, A TEHESBEFD 7 v /- ANt
ORTKREL LY, 2V —~n/KB:2) OBPE T/ N T TIRRS5cpicELI, TOT Lk
RWEHPO 7 v — A EINT A8, SEROMKFBRAHI s »EBbhs, HT A
AV BEBRS TRECE 2 b BEERTHLE, 7 v A/ K (5:5, 7:3, 8:2) OEHEM
HOWTHROBELFETAH IV RELZT - FRRBWVEREOREZ Eibhofe, Thit
F7 A0 BEC L D EAEDECSEENAEM Lickd s Bbhb, Fig 9 75— v )
reviE e —=liofFER L, 7253—V V) V= vEDOHKORT e — =l EHI

QO Non-treat. Viscosity

=
O Non-treat. Roe n. E’ ® Alkali-treat. Viscosity -
. g A Non-treat. Brightness
@ Alkali-treat. Ree n. a
= & Alkali-treat. Brightness
. A MNon-treat. Klason lignin ) (cp) A, (%)
@ S
S 5| & Alali-treat. Kiason Yignin L 5 40 10
«
g S .. g
& b . - I .‘:J
g 30 it 30 5
L P 2
6 6 z N 3
20 b 20
4 4
10 10
2 2
. 5:5  6:4 73 82
5:5 6:4 7:3 8:2
Solvent (Cresol : Water) Solvent ( Cresol : Water )
Fig. 7. Klason lignin and Roe number of Fig. 8. Brightness and viscosity of un-

unbleached solvolysis pulps. bleached solvolysis pulps.
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20
18
5 8
£ s 161
L £
§ = 14 L
6 ..E o
g 124 O won-treat.
5 2
E 10 4
2 s ©® Alkali-treat.
I O Non-treat. 89
3
@ Alkali-treat. 67
2
4
1
2
12 3 45 6 7 8 v v e
Klason lignin (%) vz 3 4 5 6 78 :oe ,113,,,“,.
Fig. 9. Relationship between klason lignin Fig. 10. Relationship between Roe number
content and Roe number. and permanganate number.

ML, Fig. 10 c@~vy vBh Vfié e —=[oBELRLE, r—=ffit@< ¥
v P VIEORCITHBEBEERED LR, AL TDOB~ v H VES Vlihb e — ffioiEER
L Bbhbss, EORRFTHILENDS,
3.4.2 C-E-D-E-D XA

FHERE LTHERAE C-71 0 VM (E) CRZABY VY=V o BB RE LI,
Table 8.2 vV —n K (7:3) OBRTCHBIAL 7Y EERMEYE 2 CC-ERBLIHR
Th5H, BERMEXHINTICONTRR, 75—V v ) 7= vE&EALTHEIEATS
2, AERmELE, C-EABBDO AL TOHABE, 25—V v ) r=vE ~ATHEL

Table 8. Properties of solvolysis pulps delignified by CE sequence

Chlorine ‘ 0 2 4 R 8
(%) ,
Cl/Roe n. 0 0.5 1.1 . 1.6 2.2
Yield (%) 100 94.6 97.7 95.2 95.0
Lignin (%) 2.78 1.13 0.35 0.04 0.17
Bright. (%) 32.4 48.0 ' 58.6 - 63.3 62.7
Viscosity (cp) 25.1 25.0 23.0 . 19.4. 18.8

Pulp was prepared by following cooking condition.
Solvent--+:-cresol : water (7:3)
Temp. - 180°C
Time e 90 min

Pulp was washed with 1% NaOH solution.

Condition of CE sequence.
C e Room temp. 60 min. Pulp consist. 5%
E e Room temp. 60 min, Pulp consist. 10%

NaOH add. 1.2% (on pulp)
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80g 4 40
g 1 Brightness P
w0}s ° 30
" %n-—... Viscosity »
2017 \ k10
. rans
“'\-——.’: le'l. ¥ )
0.2 0.6 1.0 1.4 1.8 22
Clorine/Roe n.
Pig. 11. Properties of solvolysis pulp delignified by CE sequence.

Table 9. Properties of bleached solvolysis pulps by CEDED sequence
Sequence Unbleach. CE; D E, D,
C:W=6:4
Bright. 29.1 35.3 64.2 69.8 77.9
PC n. — — 1.99 — 0.72
Viscosity 29.23 17.46 19.07 17.03 15.81
C:W=6:4, Alkali-treat.

Bright. 36.1 50.5 75.5 76.4 82.6

PC n. — — 1.80 — 0.17
Viscosity 25.54 16.99 19.03 16.87 12.09
C:W=7:3

Bright. 28.0 35.7 68.7 69.8 82.8

PC n. — — 1.96 — 0.36
Viscosity 20.84 18.13 24.68 22.84 18.05
C:W=7:3, Alkali-treat.

Bright. 32.4 50.1 74.6 75.4 84.5

PC n. — — 1.68 — 0.36
Viscosity 25.11 20.44 22.80 21.97 14.28
C:W=8:2

Bright. 26.4 29.0 38.0 47.7 70.7

PC n. — — 5.1 — 1.17
Viscosity 30.41 30.02 28.95 _ 22.80 17.23
C:W=8:2, Alkali-treat.

Bright. 30.5 41.5 61.9 66.6 82.1

PC n. — — 2.43 — 0.99
Viscosity 32.52 27.78 33.55 27.82 28.10

C : W=Cresol : Water
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HEREMBOMGRY Fig. 11 @R L, EREMENR e ~=ffi& HRE 705 ¥ TIXAGEILH
Fremkil, 75—y vy 7=vERBA L, T L TERRNEN s — =0 1.6 5 &
BHECHBEREN, 75—V v ) r=vEIWMR L, ¥l 7HEREREMEOH
KeohTHA Lic, Lichi- THERMEL » —=fid 1.0~1.6 FEBEHU T, ThLEE
MLTLBY 7= viehE 0 BENLL, A THENMET T2 &2 LR, EiE
FE 7 vy — /K (6:4, 8:2) OBRECHEIC AL FCIRDLAL, LERSTYARY ¥ A
AATDCBRTOERRMEIT e —=ffiD 1L.0~12 {ERCUTOERE T - 1,

Table 9 ic C ROABEHOERFEMEL v —=fliL TR L, ZHTOFAELLL
BAEOERYR LI, BAMKC 1% NaOH KB CHiE Lic v Fide — =ffidME T LEER
ABETOERFRMBELH bR 53, BAkoaaELmELL, 2V YV -1/ /K 6:
4) THRIAAL T2 ) -1 - KEBOLZDOBERARDOHERENTTI% THADOEHL, #H
TAN VRS TR INABOHABREIL26Z ECHELE, 72V /=LK (7:3) Gt
NTD= g7 = KOBREET- 1258, BAREIX828% Tholch, H7A0 ) %%k
filed L HBEIL845% ¥ CHEINL, 27V YV —A/KB:2) THEALZLRABRET 1
H ) ®EETiebl AL TOHGELT0TS R, HF7Ar VR T81% w BRENK
BXxht, TLPCMELFT7TA» YV EERITLOZ L CEINE Y, BRI RS IS
ZENEOMNE ST, 7 VY~ /K (6:4) THIL 7D PCIiL 0.72 55 0.17 ¥ TR
L, ARz X7 vy — /K 8:2 TH- 4 70 PCfiix 1.17 235 0.99 ¥ CHA L1, E
BB AL TREIL 7 VS — /K (6:4, T:3) THBEALTRET AN Y B E L HHYE
WEERLI, 2V —n/K 6:4) TBILALTOBABRDO L THERXFET A7) %
O A. Nog-treat.

oe Ab
4 @ A Alkali-treat.
L)

sity

LY
.
A}

Brightness
»
isco

) (cp)

-V

20
704
6

*

a0

39

201 5

1o}

1 b & B,
( Sequence )

Unbledch. CE

Fig. 12.. Brightness and viscosity of bleached solvolysis
pulps by CEDED sequence (C: W=6:4).
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fTleh/ & 158cp KRHm7A» VBB LTI L 121cpe WA LI, A7V —0/
K(7:3) CHBI A 7OBAKDO AV THERIFT A VG X T75 & 181cp 5 143 ¢cp
TP LI, L, 2V V—n/K8:2) CHIALTRETALH )V ERERTS L EAE,
N TR 172cp 525 281 cp B I T,

Fig. 12ic 7 vV — /K 6:4) TRV 7OEBALBR TORBE L <L T HEOE
LR LE, BRAOABBOFTRLHBENHELALORZBLERCYS DB TH- 1,
ZThic ki LT D, BFCoaBE R Lizdldiote, ¥, BACEL - THETAD I S
RSV TOBBERKHT AN ) KBGO L 7B L TCHEABBE CEWELYRL
oo TOZEDLLEARR ALV TEFET AN ) CHRET S LEARNALT S Z Libns,
22 TR C-E, BB D, By CHEFHA L1,

Fig. 1317 vV — A [K (7:3) CHBEAA7OEBALABBR CORRE L <L 7HEY R
Lic, 2V —n/K6:4) CHIEANTOBAKRLBEULERAZE LT b, HREIXD,
BCHECHM EL, F7A0 ) REETRokAA7OHRBFAEARE R U, it
THES C-EBEDBTOETAE LM, ,

Fig 4ic7 v/ — /K 8:2) TR NM7OEBANBERTOERE L <L 7HE T
Lic, fbOBRER BN FLRABCET LD VESRETlolo A 7L MBE CE-
HEELXRLIE, LOLETA? VREEDO A TIFETAI ) BRGEE LA 7 L3RS
FEARBRERLIC, 2E0HFETAH )V REBOAATREFET AN VESE LIV 7L HEL
TDIBRCTORBER PRI, TOZEZZ VY —1/KB:2) THIEALNTRFETALHY

© ANon-treat.

@ AAlkali-treat.

oe A A

(%)

Brightness
Viscosity

b 10

Unbleach. CE] D.‘ E2 DZ
( Sequence )
Fig. 13. Brightness and viscosity of bleached solvolysis
pulps by CEDED sequence (C: W=7:3).
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oce O B Non-treat.
-3y
® AAlkali-treat.

) (cp)

90 9

&0 L 40

70 9
g 7 o 2
g L, *

330

20 10

10 1

Unbleach. CE, D, E2 D,
( Sequence )

Fig. 14. Brightness and viscosity of bleached solvolysis
pulps by CEDED sequence (C: W=8:2).

RS2 ThbhWEBEY 7= vENREL, CEABT)Y 7= vi+BHTERVWicd,
D BT_BLEEFIEALVLY V= Vool BHCHERIhALDOHAEYM EI®DLR
BadbtehotesbBbhs, ¥h7L V7 —A/K (8:2) TBI- L 7OREIIEL, Bei7Tr
HYVBEE LA FTREWEER R L, 202 2V —A/KEB:2) CHELRB AV TIX
INEHAEL, DN TR D EBBOBEN DI EETRR LI,

UERCEEe — =il SBEOERBMCEALLBERTH SN, RE TB4Z ¥TH
BELYRDHZENTEL, LELILRECHBED A 72H % fdic CBTOERRM
Bre—=ffio 124, *# E BToO NaOH g% 2%, 50°C TinE L C C-E-Di-E;-D,
Bl RAARL,

EE&EEY Table 10 @R Lk, C-EBRONBEGLYH LI THZLETCHAE X 14~
73% HEEN, 2V —A/KT:3) THRT AN GG Lic- A 71285.9% ¥ CHBELRAL
Lz, C-E\BOABEHYEL CHEAMCHE7 A VR LT o LHBNBARO A EE
EPCHiL b BRI B LRI, B2 VvV~ /K B:2) DV FIXBET, HTh

Table 10. Properties of bleached solvolysis pulps by CEDED sequence

Sol. . . . . . .
(C: W) 6:4 6:4* 7:3 7:3*% 8:2 8:2*
Yield (%) 95.5 — 95.7 94.8 88.4 95.5
Bright. (%) 81.7 84.5 84.6 85.9 78.0 84.2
PC n. 0.68 0.36 0.48 0.41 1.59 0.80
Viscosity {cp) 18.2 16.6 22.1 24.7 26.8 24.6

C: W=Cresol : Water, *) Alkali-treat.
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Y REBREABEILT80Z ECLhA ELRM T, EleZ v/ —/K (8:2) - in 7k
FT AN ) REGEG L FAIEIL 884% THROBRMBEHD N 7 OFANEKL95.5~95.7% T
BHOICHNTUEL Inole, COZENDLEFY 7= VvRBOE VA TIXRE N 7T IRITE
PTHEN, FTANVEELTR-TREY 7= vEYEA SR, EAfYEDLIRIVE
Bbhd, A 7HERI7 V-1 0EEOECBETELh AV 7R ERBRLBVEY
RLTEY, FLCROERGNREY =L ERETHLIDH 12M68EE LR VE
RELIh, BAALTOPCHiL7 vV =1 DEHEDE W BECHEI L 7R EBCEL R
L, r—cffit ERBOEETHEABE LI VI ETRERMEL kT,

DEDHERNS YA EY v R/ FIBAMNCHET V7V BE LTI R ED IBERF
) 7= vERBAERDHE C-E-D-E-D BAR I VEHCOZ U LoABEE THEDLIR S
T EHbhb,
3.4.3 C-E-D-P-D EgH

C-E-D-P-DEBIX 747 V% 1 RS LBMILARES TR 5BEAETH D, ¥
B4t X »C C-E-D-E-D BACERTAHAECEDHZ ENTE, LrdEA LAV
TOBRRYAPHRVEVDRTWASY, COBABERII VY ARY) YA ATREAL, RH
BT PCliDB A 7RBORENE )RR L, MSOKELLBET A7 ) Y
EARCTRd L EARRAET A ERBLLEDT, ZZTRETAIVER LY LK

) YA TRERH LI, RBO LT Table 11. Results of C-E-D-P-D

VY — /K (6:4~8:2) DEET 180°C, 90 bleaching

SR LTI, , : Solvent 6:4* 7:3% 8:2%
EE&ERIE Tablell /R L, BEHH% Yield (%) 7.5 o1.2 .2

DIRFL 91.2~97.5% T, KWV TIKD  Bright. (%) 84.3 85.4 84.5

B2 vy —n/K6:4 D0 F7OERBD PC n. 0.3 0.4 1.1

RREBL BT, HEEIL 843~854% Viscosity (cp) 13.8 20.4 21.7
THiFiO CE-D-EDBEHOKEREDEY *) Pulp was washed with 1% NaOH solution
EQADL NI o7, FRPCHL03~11 ) O W=Cresol: Water
TC-E-D-E-DEROoHEREKZEDRVWEL LT, —H, AV THEI2138~217cp T
C-E-D-E-D EADRKER L b bIEL ot
TOREBRYHETHLENRD BN, SEOERTHRA LIEASKH T C-E-D-E-D ¥
HTELhTHBE I CILEDAZ LI TELN, SV THECETNETAEL, C-E-D-
EDEACHELTENERYBLZLENTERL K, LEL, BARGFORERC I - T
RREFRERESBLIhD EBDIRS,
3.4.4 C/D-E-D-E-D EAH
ERMBEBRO: S _MLERYEA LTABRTRS &, BROATAELLL 2k
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NTC, TAAVHBEOREY 7= vERES LEAKROARESCER Y RHEFIhDZ EH
HMHRTWBY, KBOVAEY VR TIRIS 7 P AATHRELERLTEBEY 7= vE
NEWID, BY 7= vicEShERE _UERYBRATAZ L3FBEBRbhi, £2T
CERTHRMTAEDEREN—F (r —=fli s B8 L/ X 5ERE _BILERYREAL,
AN TOFEBER TR T,

EAFERIL Table 12 @R Le, ZOEAARD 1% NaOH AEK THE LR L 7
Tfifsotce 2V —1/K6:4) TR A 7OBEAROAERER, EROXTABLILLE
PRLIEL 846 L b, —BLERTREALEGRIZDORIh o1z, PCMHEIERKDOA
TABLL ZXRGELS LY, —LERZEALELDREEZDbh o, LHLALT
REIHO M ZBMLERYEA LBRBRRDNh, BCER - —RUER 2:2) oREGHO
L E214cp THRLBEL ot 2 VvV —A/K(T:3) DAL TR ZBLERORADHENH
LhwRbh, BRAC L - TEAROHAE, PCliL <1 7HEAHE S LT, HCEE/ "B
LR 2:2) 0L ZRB/LREFRBERIBOI, HEE 84.0%, PCHfi 0.7, </ FHiEE 20.8cp

Table 12. Results of C/D-E-D-E-D bleaching
Solvent C: W** 6:4% 7:3*% 8:2%

C: D*** 4:0 3:1 2:2 1:3 0:4| 4:0 3:1 2:2 1:3 0:4§ 4:0 3:1 2:2 1:3 0:4
Yield (%) 940 931 94.2 946 950 | 96.7 94.3 951 96.6 93.7| 89.5 904 885 90.1 889
Bright. (%) 846 82.7 836 831 809 | 80.8 81.6 84.0 83.1 825 | 815 805 826 81.6 79.9
PC n. 04 07 06 09 15 07 08 07 13 07 1.3 10 07 13 11
Viscosity (cp) | 13.7 203 214 161 205 | 158 163 20.8 194 17.5| 206 18,0 305 23.6 26.6

*) Cooking condition :
Temp.--- 180°C

Time-«:--+ 90 min

**) C: W=Cresol : Water

Pulp was washed with 1% NaOH solution

Fig. 15.

(%)
o
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704

Briohtness

50

4:0 3:

2:2 1:3 0':4
Chlorine:Chlorine dioxide

**%%) C : D=Chlorine : Chlorine dioxide

(cp)

S
Viscosity

v
[

Effect of substitution of chlorine dioxide for chlorine in

the first stage on brightness and viscosity after C/DEDED
bleaching of solvolysis pulp (Cresol : Water=6:4).
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Rilgole, 7 v/ —n/K@8:2) THIZ- AV 7OREATH —BLEROBACHENEDA, B
H#EDA®E, PCMi, 4 7HENKEBEIhT, 2 IER/BLEE 2:2 ORGHRD &
ERLBFLEENBOREAGE 826%, PCli0.7, -1 F¥EE 305cp &icot,

Fig. 15 7 v V' — /K (6:4) THic-in 7D C/D-E-D-E-D ER# 0 G HBE, 1 78
BELER/_BER C:D) 0RAGROHFEEY R L. HEERX-RLEROBHAOMRII
{, C:D=4:00D & XEE\fEiXRL, C:D=0:40¢ XRIEEXRLE, 1 FHER
“RBAEROBROSRNELR, C:D=3:1LC:D=2:20t XE\EA%ZR L%, Fig. 16
L2V —=NK(T:3) CHRIAAM7OBAROARE, <1 7HELER/ _BILERORSE
HoBfER L. ZBILEROBHOPHRIAGE L <A 7HECELRTED, 7571k
C:D=2:20%H4BRLHEODDHZLERLTWS, Fig. 17127 vV — /K (8:2) THk
AL TDBARDERE, L THELER  “RUERORALOMELRLE, sV -

(%) (cp)
A
o sl /\h—o "
70 Areon
o T frenn. 20
.'.0 '.‘
© "'
2 . >
- & =
E’ 1] 15 §
S ¥
“ S
50 b10
4:0 ;'1 2:2 1:'3 0:4

Chlorine:Chlorine dioxide

Fig. 16. Effect of substintion of chlorine dioxide for chlorine in
the first sttge on brightness and viscosity after C/DEDED
bleaching of solvolysis pulp (Cresol: Water=7:3).
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Chlorine:Chlorine dioxide
Pig. 17. Effect of substitution of chlorine dioxide for chlorine in
the first stage on brightness and viscosity after C/DEDED
bleaching of solvolysis pulp (Cresol: Water=8: 2).
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MK T:B) DA T EARC_BUERZBRATIC LRI VABEL AV THENHE S
LT ERALME LT, ‘

BFRLEBRCEEL “RMIEZE2EATAZ LRIV EABOARE, AR L AL 7H
ErHEIh, TO8RIBEY) 7= vEBOSE AT (2 VYV -1 :K=7:83, 8:20D-21 )
THETH 1o, HFE/BEZEOBRAEHIT2:2 BHEET 0L EBIRFEEENED
hic, SEIOBRARRTIIER _BEROFMBRAYERTr — =l SEE L, L
2 LHjETD C-E-D-E-D BE CHEABE COERRMEI r —=fiD 1.2 RO HNRF i
BERERRBLR, Lk, T C/D-E-D-E-D BETH C/D B OEHERRMEY » — =i
12EBRETHIEIDREBVEBEO AL 7RBOhEZ 2 H&EIN S,

YARY VRAAN T EBROBEBARELTRVRO X 5 R B,

H,0, »—BEE TR <A 7 4% © HO0, BN THBED R i v <A+ 735 BA%
AL, HEERM20Z MELi, —F v 7B HO, i mBOH e >h TR Liz,
Lz CREO HO, ZHmMLTh 20% DEoataBEombirdx o i cE¥, 1 78
EOETHAEEZECREZEHELDBRS,

F Vv BRIRIGDOEBIRENEL V) 7= vORBORIEEROIRLERTT 2120, B
BED A 7HETELLET L, ¥, A ERCETEECRSHARO B 18T
BFH—REARRIbEr ok, FITAHY VEAC HO0, BEX L8585 & BEESR
PHRAEBLIFEAIhABERBS D icitote, LdioTH Y vEARII HO, Bk
FOBALBYEASLR®DIED, VYV VR IBABEGLEMC Lz h R (YR ER S H
MBI EDRBET AN THEOERTRIIET A LEND 5 EBPI S,

C-E-D-E-DEHCTREAREL TV TEETAH ) CHhERTHVREY 7= vE
ZHHBEFV IR TRNIBRHC 0% s CHBEY A EIRD LN TR, BV
V=K (8:2) THRIZAAVTRBE) 7= vEHE D, F7AH ) % LTIZ80% L
LOHBEXBIENTERRh T, YVAEY AL TORTAN )V RERBEY 7= v
EYBA IR AL FOBARBHRT BN, AN TIENBATHLDET A S Vi L kS
DEHEE SHLRRHTILENDD EBbhic, FLCERTOEERMNEIIR —={f0 1.2~
15 5B CIIR - R AN RFRERNELIhD L Bbhs,

C-E-D-P-D BRI LI L THATHLEND B4, C-E-D-E-D BEHRHE LT
BT NEHERERBORE o, LU C-E-D-P-D BHTREABE CAR IO L
BV 7HRBLhAE VbR TEY, BAEKC X - TRBRNS B LBbIS,

C/D-E-D-E-D BARBHE YV 7= vEBOPIW 2 VYV —A /K 6:4) D20 Fic it 8 8t
Pl oich, BEFEY 7=vEROB 7V —A/K(T:3, 8:2) DAL 73 EHT, HAAE,
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BRY, “ATRETNTHEShL, HCER - —BUEEX Q:2) oA TRALLLER
LERIRENB ORI,

80%

SEOBAMEDOHT, Z-P, C-E-D-E-D, C-E-D-P-D, C/D-E-D-E-D 0 EHic &k b
HEDBBEZRETZ A 7238bhlc, LHLSADORALK TR RV-AGRED S

NTTh 89% THHDT, BAFKEY TR THRMNS S LBbh3, ¥R LS TE
W — RS ETEDILZ VvV —A /K (7:3, 8:2) THLWKALTTHDL, “hboift
THOLIBAAVTIRFE) 7= VEVESWEDBEAZGER AL THSGRRAT 5 LEN DB &
Bbhis,

3
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8)
9)
10)
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12)

13)

14)

15)

16)
17)

L L
EFEO LA 58 FEXFH LA AR S —BTR A X » Tiikcbhic,

5 B X B
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Summary

Solvolysis pulping is a new process which can separate wood into three major chemical

components — cellulose, hemicellulose and lignin. Solvolysis pulps produced from birch wood
were bleached with some bleaching sequences so as to know the bleachability of solvolysis
pulps.
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The results are summerized as follows:

1) Brightness of solvolysis pulp was not improved satisfactorily by hydrogen perdxide
bleaching. If excess H;O, was added, brightness was not improved and pulp viscosity dropped
markedly.

2) The pulps were not uniformly bleached by ozone. Pulp viscosity dropped markedly by
the action of ozone. But ozone bleaching followed by HsO; bleaching, the pulps were uni-
formly bleached and brightness was improved above 80%.

3) If pulps were washed with 1% NaOH solution prior to bleaching, brightness could
easily be improved above 80% by the sequences, CEDED, CEDPD and C/DEDED. Par-
ticularily, the pulps having high lignin content, for example, produced by the solvent (Cresol/
Water =8:2), should be washed with 1% NaOH solution. CEDPD sequence didn’t have
advantages over CEDED sequence. Replacement of a part of chlorine in chlorination with
chlorine dioxide was effective in brightness, PC number and pulp viscosity. Most effective
mixture ratio of chlorine to chlorine dioxide was 2 to 2.



