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Kiyoéhi KoBayvasui: Studies on the Sulfite Pulp Waste Liquor.
I. Biochemical Oxygen Demand.

il

i

Tl L 7 BRI A A 5 D509 HiE & KRB DR S L EH L TW b, ThORIAEE
LTS, SoFBEAFRRATW 3R E b BRI REY s FIURHERRE B Sh T
Vol —EIITHICHEBEIN TWABRTH 5. —FAH DM, THEOREFZIIDOHEEY
Fisk LB O LA BT D L5 0B kb3, K, BHKOBEINLHADIS
BIC 720 TR o? INETHEIFIER R E LWHEE D005 5D OTH 5,

%Bmmmméﬁmmfiﬁﬁmﬁmm%ﬁ%Lﬁo,m@agnémamamw;%@@
et 5 TERE OB Sk 0 #RF % c Lkt sh Lna, (a) BEEsEmm, ()
ZE, (o) BmmE, (d) FEME, (o) @HH, () RE%ETh 5.

Q) BEEREEA A¢M$®@WQHT%EP)CT?W<CHHAQPWHZocgn

ppm. Th 55, BEHEHIEDRER

Table 1 Satulation Value of Oxygen in Water $oEBr 2 ppm. I f ﬁ O £
Temperature Dissolved Oxygen. : 1t 4dppm., X TAHHEDM & X
ppm. Lb per Million Gal 6~10 ppm, TH 5, fEoThi, fED
0 1462 122.3 ﬁn?ﬁ’]ﬁﬂffiﬁfx’%ﬁkf AN (A RN
- : b,
> 1250 169 THBAOBRAREEIE, FiE
1 138 9.5 MOV, Y ERL, RO
5 10.51 84.6 FIHAERMOSELRL, 0%
20 9.17 76.5 K BRFREEINLOREEREY
25 : 8.38 70.0 KTF 5k dDRHEC LY OEAY
30 . 7.63 63.7 {T20TH5, - OREERITT
% 1 FrE8 B. 0. D.. (Bio-chemi
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BUkwe 2, ZoTEEKo B. 0. D. #7+& Table 200 Ry Thsb,
PP AT, S. P. g, EUCEES 5 K. P B,
HHTEEKDIECHoC, B. O. D. B L Tk S. P. ARG EME hsb 3 ThH %,

S. C. P. o, G. P.BEH,

Table 2 B. O. D. and Population Equivalents of Va;'ious Industrial Wastes

Type of . Liquid Vol. Population
Waste Unit of Waste B. O. D. (5 days) Equivalent
Pulp and Per 1 m? per Digester :
‘Paper ton product ton Waste ppm. Effluent pp_ m. Per Unit
Sulfite Puip- ” 320 198,000 380 2,480
Kraft pulp ” 350 24,000 150 1,170
Semichemical
pulp ” 92 21,000 630 1,210
~Groud pulp V4 65 54 78
Paper Mill
average ” | 120 60 22
‘ S
Textile Gal per unit ppm
Rayon 1,000 1b. .
Viscose product 140 110 800
Copper amm. ” ' 160 4.4 35
Silk ” 13,700 1,720 1,180
Cotton 1,000 1b. |
Sizing goods product 60 820 2
Bleaching ” 1,200 300 17
Dyeing
Basic ” 18,000 100 90
Vat Ve 19,000 140 130
Sulfur ” 5,400 1,300 360
Fermentation .
Industry | Lb. per unit
Brewery 1 bbl. beer 321 3.1 30
. 100 cub. ft. -
Yeast waste 750 33.7 320
Domestic Person l
Sewage per day | 27.97 0.104 ‘ 1.0

Population Equivalent is used to compare the oxygern demand of a waste with
that of the domestic sewage per capita per day has been established at 0.167
Ib. 57.2 g. in U. S. A., 45 g. in Tokvo.
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Table 3 Cooking Condition

} .. Time at
. . Wood : . "
Wood Species Chip g. [Total SO: %| CaO % Liqu%(; Ratioli l\,/i‘aé)ggm% ¥ax1mu_m
emp. h.
Pine 800 6.7 1.05 1:5 145 2.5.
Beech, Birch 800 6.5 1.06 1:5 145 2.0

flora S. et Z.), 77 (Fagus crenata Blume), # - (Betula Tausshii Koidz), © B&#&
vz, B. O. D. ek Eaesc”® #h . Winkler &@@iﬁiﬁxg EASEEY & Fu
T D. O. (Dissolved Oxygen) ##l% Liksic X 0 BH Lz,

ﬁ%%ﬁﬂka)cc;>< 1000
1000 /7 #iKdce

[(DO,~D0,) - (DO; ~DO,)x = 5HfI»B. 0. D. ppm
‘B. O. D. @@ Fig. 1 wwi¥ & &% My incubate #ic 22 &1 BRSE O B v+
bk EET I, R%“Eﬁ?ﬁﬁﬂkﬁ?ﬂzj — Y+ R Wiz,
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W KROBBEEERE LOTH~ > Vo Bd /v LEICHEEZ i~
ISIC 5o I RIC M YT 5 R Y L b T o r Sk X o
BTBHHETH B2, cOFERMKES chiciFwWwKFoBEDEE
IS 5O FEx DIFEYE S B DGR ERE S N & T, Bt
LT RO OFICERFIN L EMEXEMET 2R s, RE
WHREEE O 7 T ) B A T B pRBE T B AR BRER % i~ Tl L

tﬁ%%ﬁﬁ@%Lf@ﬁjﬁﬁiv4yy3~&%muf%%@?ﬂ
BT5HFEYR O, REBEDO D k@%ﬂrjz DAL TFIKY % vz,
250.35 Glucose 0.075g
Starch 0.075
Peptone 0.075
Soap 0.0375
Water 1000ml

Fig. 1. B.O.D. Bottle
5day-B. O. D. 200 ppm

(1) 7Hh=v

T~ QRS v 7 B 150ml % 7e 500ml o RSO SnFEREC & D HEE L R BRAE
B>y s bg BN, MENB LY No. 4 7727 40z —ic THEEIL, HR% 0 R
e oW T ok EREE RIS 4 B RSN 5<, (3) B. O. D. wJE# < 104 ppm Ofic
BOTeDON, WiTIE2HHE TS 5 O %Dz, pH RIFHE3.4Tdoss, 100°C. 1Th D i
©12.0. 180°C. 2h o#: pH 9.7 &, WHIETL, ik, 100°C. ThC1EERFK L 0 <
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Table 4 Pine (Sulfite waste lipuor 150 ml., CaO 5 g.)

) Temperature and Heating Time
Untreated ' ‘
100°C. 1h. | 150°C. 1h. | 180°C. 1h. | 180°C. 2h.
B. O. D. ppm. 10,800 197 667 268 124

 pH 3.4 12.0 11,9 10.0 9.7

o Decolorization*% 0 + 39.2 38.5 33.3
§ | Organic Substance g. 16.9 7.20 7.42 7.10 2.69
e Sugars mg. 2,400 18.5 18.0 15.9 4.0
Lignin mg. 3,460 0.58 0.34 0.51 0.22
Ash g. 1.16 2.34 1.92 1.49 1.42

Precipitate g. | e 15.1 15.7 15.8 16.0

Organic Substance g. | -t 8.07 9 15 ‘i 10. 48 9.55

Ashg. | e 6.07 6.15 ’ 5.32 7.05

* Original waste liquor from pine as standard.

D 150°C CHEBUS, HIC@EL nsOxRdL, T O HRIEICHERY 7 = IR
BRI RS T B, BT OB O 180°C. 1h O REp s T IR 062% 137k

BRICREIR T %,
(2) 7&+

Table 5 Beech (Sulfite waste liquor 150 ml., CaO 5g.)

Temperature and Heating Time
Untreated { ;
100°C. 1h. | 150°C. 1h. | 180°C. 1h. | 180°C. 2h.
B. 0. D. ppm. 34,000 398 949 809 1,050
pH 3.5 12.0 12.0 7.8 7.8
, | Decolorization* % + + + 40.5 45.0
:g Organic Sabstance g 21.48 8.15 9.32 6.12 3.43
& | sugars mg.| 7,050 16.3 10.0 16.1 14.0.
Lignin mg.| 4,900 10.228 0.51 0.25
Ash g. 1.6 2.46 2.25 1.83 0.91
Precipitate g.é ------ 13.5 17.0 17.5 18. 0
Organic Substance g. 8.8 10.5 10.1 10.9
Ash g e 4.7 6.7 7.3 7.1

* Origixial waste liquor from pine as the standard

— 30 —



»%:ﬁm@ﬂ»fﬁﬁmﬁ¢aﬁ%

S F oAt B. 0. D. OETFRT 7~ vETRAWS, kb 100°C, 1h ¢ 1EFHE
i k5 0%, pH % 180°C. 1h TAIETFL, E#Hd 1000C T 1HEFRLD B i
0. 180°C. Th » B Ieotk, LEF oFRMYE 150°C. 1h 235 THI50% Th 3,

Table 6 Birch (Sulfite waste liquor 150 ml., CaO 5g.)

Untreated

Temperature and Heating time

100°C. 1h. | 150°C. 1h. | 180°C. 1h. | 180°C. 1h.
B. O. D. ppm.| 22,400 737 804 517 424
pH {gﬁixgt?;lf?lio 36 10.0 8.4 6.9 7.0
o Decolorization* % T+ + + H "
£ | Organic substance g. 927,41 12.3 13.7 10.4 10.3
E | sugars mg.| 5,360 31.4 27.7 21.1 20.5
Lignin mg.| 28,200 0.36 | 0.32 0,56 0.16
Ash g. 1.55 | 3.19 2.98 2.81 - 2.15
Precipita‘e g | e 15,0 = | 16.0 18.5 14.5
. Organic substance g.| 10.7 11.6 13.3 9.7
Ash - g e 4.3 4.9 5.1 4.8

* QOriginal waste liqor from pine as the standard

Table 7. Birch (Sulfite w:iste liquor 150 ml., Temperature 180°C., Heating time 1h.) .

CaO o
3gb r 5g ‘ 7g J ('9g v
B. O. D. ppm. 690 630 510 | 409

pH 6.1 9.1 >18.5 - >13.5

® Diluted 1 : 10 5.0 7.7 11.9 11.9

§ Decolorization* % + +, | 22.0 21.5
. Specific gravity 1.046 1.034 1.038‘ 1.026

Organic substance g. 17.4 8.4 4.7 4.0

Ash g 4.04 287 | 1.34 1.36
- _

Precipitate g 3.0 14.0 22.5 25.0

(jfganic substance i g. 2 06 8.29 14.6 15.2

Ash . | g 0.94 5.71 ’ 7.89 9.80

* Orig'inai waste liquor from pine as the standard
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T ACOWTRE 6 EICFET L, B. 0. Dy 100°C. 1h T1HETL, #Hic ER0#%
FRMET L, pH IRME LR LI (EFL 180°C Clififhe ok, €k 100°C 1h <
Bl 0 IR ERESHCRBICE 0 180°C THRERGE koK, BTV L0
B NATIEBITH B D TH B 5. LT OH RN ORI 180°C. Th 2k THIB0% T
Hoteo

Table 8 Birch (Sulftie waste liquor 15C ml., CaO 7g)

Temperdture_and Héating Tirhe

T
]
|
i
1
\

100°C. e T 18(°C.
~_dh. [ 8h | Tih. | 8h ] __ 6h
B. O. D. ppm: 760 720 517 B0 640
pH 11.9 12.4 11.9 1.8 11.2
§ Decolorization* %] + +  50.8 60.0 4.4
E Specific gravity 1.062 1.0€1| 1.C38 1.026, - 1.0@0
Crganic substance g. 6.36 5.13 6.53 4.09 3.70
CAsh gl 250 2.96 2.45 1.61 | 1.53
Prec1p;tate: g. 18,5 - 21.5 | 20.5 ‘ 25.5 24.0
Organic substance g. l 12.3 13.8 f 13.3 {\ 14.5 14.1
Ash g. | 7.0 7.63 } 712 | 949 | 9.34
i . |

* QOriginal waste ‘liquor from pine as the standard -

BHOBC AT I ADWAED, TV, TFeEERS TR DT, BEAL> T LD
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pH A E 725 ARG D TRR L D IREE e olk, RIBTF OFEMOE 1k 56% Th
b, AR 9g ?ﬁﬁﬁﬂ@ﬂ%f‘&l%vc}ihﬁo W TE LAV v a2 Tg &1L T 1000C T
180°C i ML Uie & = A% 8 # {37, Fib B. O. D. Offilk & LTH(kk 72\ 43, pH
12,081 CHA &~ L /2 b, (iR 180°C - 3h DA d KLl b, K D PR
Hi~ DR 57,591 1 AT B

ERBROER

1) B.O.D.oZ ki o T ,
CB. 0. D. iz 100°C ORFIEEET L 150°C 1h TR RAEICIRE O kA K s o ik &
LT LT L, chlk, BERE-L TR O 5 HEH B. O. D s 0 HD 63 %1
B, 13% 7 7 = AT A7 7 — e, 12% R FHIRC, 11% A EIEC X 5 b0 & ST
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2) PH O FRBERMIRC ) 7 =, BoKho MR E 5, 7=/~ VO BRIEWE K
CHBEEOHEMD L DEEADRLH, O L REEEH L Y & QRMES S\ Fc ik pH
DETHBRDLN RN L AL EIEATH L LEABbN S, (Table 7H/) | '

3) 3 | - |

a3z B. O. D. L3 LCHERAWL S Ths, 777, 7FREEA LS Y LN
F 150ml XL 5gT 180°C Rifen b a2 A SICRTRC L D #5 SE ORI
AN T L DERISLETH D, BT BEROBHEFE L T Y7 = RO LD SRR
A ERAIC L B 2 SR TV B, WHEDTE R )2 =3 RO% O R Al
FETNIE S 5 BEMERBIEINERTH 5, |

@) FHH oS -

DL OF R O BILIREE O LR SUC T B 2%, 180°C T BN O R A & b
PEFT B, & AR U R0 HIC MRT 5 0 TH S 5, |

ggif@ﬁ@ﬂ»f@ﬁ@ﬂﬁh%@iﬁ%%@ﬁﬁLfﬁﬁﬁbﬁﬁ?émﬂﬁﬁfﬁ
DhAS, T OHFETIE, LA v aBEIML 150°~180°C i JMEME T 5 © Lic & DBE
T O el D609 Bl e & FLAIAE B 10 L R+ 5 < & 3R B,

& ]
A i

CThEREF LR, TAhAYY, TF, AoSOWMEBoL T EEY B, LA v T aE BRI
L, 100°C, 150°C, 180,C = fnEpic € 1RV E 6 BB L e L ¢ @& D B. O. D.
@ 1HE 2 MO E T2 is, PH O MBRE O LRSI TL, GRLREEL RE0%
Bavte, WEH SCRTRT <Y, TF 50 SBIEH > v 20 SHLE L, LEHHOH
e ORFEE H55~60%1C RS DR MOk, HIC o MEDERKERIC oW THEELITOR,

© OBIFUIC 40 TR« @ H T S ok, HAKBHEBNL, ST ERATR BHRE R
L BHOBEET Do L .

Résume

As the sulfite pulp waste liqubr contains about one-half amount of the wood
components, the recovery of these substances is impotant with regard not only to
the utilization but also pollution problems. The main components of the sulfite waste
liquor are lignin sulfonzcte, sulfites, sugars, lime and so on. .

The sugars are responsible for the major portion of the 5 day B. O. D., and
calcium lignosulfonate ‘and its decomposition or polymerization products for the
color. :
Hence, the principles of the waste liquor treatment aré based on: 1. Separation
of solids out of the waste liquor, 2. Oxidation of the organic substances and mate-
rials capable of deoxygenation, 3. Neutralization, 4. Removal of poisonous sub-
stances, 5. Disposal of sediments, and so on.
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In this study, the sulfite pulp waste liquors from pine, keech and birch are used.
The waste liquor 'in mixed with caustic lime and heated in an autoclave at 100°, 150°
and 180°C. in order to remove the organic substances of the liquor. The 5-day B.
O. D., the color. and the -organic components of the treated solution are determined.

From these experiments it is found:

- 1. 5-Day B. O. D. decreases from 1.08x10* ppm.—3.4x104 ppm. of the origi-
nal liquor to 1.24x102— 1(')8><103 ppm. of the filtrate in the treatment. It seems
that sugars which most influence the 5-day B. O. D. are decomposed by the proce-
dure

2. The pH value decreases with increasing treating temperature. This is due
to the formation of the acidic compounds resulting from the decomposition of lignin
and sugars (cf. Table 7)

3. Color has little relation to the 5-day B. O. D. In the case the waste liquor
from the pine and beeéh, the  treatment at 180°C* removed the color remarkably.

4. The organic substances in the precipitate increase with increasing treating
temperature. From fifty-five to sixty-four per cent of the organic sfabstances present
in the initial liquor are precipitated in one hour at 180°C. Longer heating decreases
the yield of the organic substances by thermal degradation.
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