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On the Utilization of Waste NaOH Solution and

H:S-containing Gas in the Petrochemical Industries

Katsuo Watanabe

As a treatment to prevent the public nuisance caused by HyS and R-SH gases and NaOH waste solutions

produced from petrochemical industries, the waste NaOH solution from the LPG and other refining proces-

ses was combined with Hj,S-containing gas produced from the hydrodesulfurization process.

soultion consisting mainly of NaSH was recovered.

A reagent

Tts industrial use as a digest reagent solution of

kraft pulp (KP) according to the patented method was summarized.
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THHHED» DL ORI FEEh T2,
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1. FEFALEEDOBIRE

NaOH B & ) NaSH (HifbKFE> VL) »Hl
BT 5 QIEERRRF 401527 IRt ahCwB K )i,
FIMBEE T X DB+ % Table 1 i3 X 5 /e,
o NaOH Bz HoS X Ficit HeS SHEAA%
ffn, FRORATCBIRNIEE LD A il 5T
=/ = VEEERGEL, ANVATE VI EHOREAYSE
B &R THMEMS . NaSH %3545 &7 5 KB’
CHMEL, FOKEBWEHD NaSH #8ET 23 0OTH
bo Tiohb R BIERSEMS (7= / — IV,
FET 2/ —NVE, DYPALT 74 FE) 2EHRL, 0
T O HER IR e, A DIERFR AR Y o3

7, AEREY L ¥ &R Twic NaOH ek
D> BERYE Y O 38R TSI U NaSH 0SS5
D, b, HeS &HENACERT A=Y I+
DG LTORRMATEHEN T B HoS H 2o
HLEb\vwz b,

Table 1 Composition of waste NaOH

Sp. gr. 1.150

NaOH 10.50 %
Na,S 4.30 &4
Na,CO3 0.56 %
Phenols 10.30 %
Mercaptans 2.14 %

Table 2 Composition of separated oily substance

Component wt %
Phenols (phenol, cresol, xylenol, etc.) 20~40

Thiophenols (thiophenol, thiocresol,

thioxylenol, etc.) 40~60

Other organic substances (including mer- 210

captans)

Table 3 Composition of NaSH product

Component wt. %
NaSH 71.52
NayS 3.65
Na,S0; 0.56
NapS,04 1.02
NapCOs, 0.70
Fe;04+Al50; 0.001
Insoluble residue in HCI 0.005

Table 2 @i OB —FIA Table 3 wz i
R & - THE SN NaSH ol %R,

DFCAMBIE SO IR S NaOH pegk s H,S
BEFENZOEMAEE (BE HS E1%\) Mke
NaOH B 71+ 4 {LwE Na A TLIEHT5
7o, Ba, Ca b4y ¥ 7l K b2 T35
HERF 404799 R XN DLW TR D,

NaOH BEihic 4 & D Na 54 &8T5,
7ok HeS X EASEGRE S & 13 Ba, Ca 0L
W, KBt L > T Natlgo A4 {bTfE o
DEWRC HeS Ji 2% g9F0, & 1 2@8FMC RIS G X
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B CEPEMS IR E A X% KEE» DO BRET 5 TR
L, x b NagSO4 % hn%z T Ca(SH)2, Ba(SH)» # El
SR NaSH ¥B¥W#15% NaOH Bgig & HzS /iR
DSEETEHMEETH %,
ILCAMBEETS L D FET S HeS &FHZA0)
H COs HAKRGHTHENA X AARELUTHERTS
& 1T % NaCO; #7243 NaHCO3 5 NaSH
SRS L SR 0 A B LT 570 , G ROREY 65°C
Loz sic & » T NaHCO; o e COz @
WV A, st d 2R RANEE, b
SR ISR LT % Nag CO3 13 NaH CO;3
L, FORFMLUTLEVEEA TS E2FERL,
e 418472 1B T 25,
PALE, MRS A R~ Te ABBE RO RINIIR A & LD

HILIWTEB,

2NaOH +H,S—Na,S+2H,0

Na;S+H,S—2NaSH

NaOH+H,S—NaSH+H,0

2NaOH +CO2—NayCO5 +Hz0

NayCO3 +Ca(OH) ,—2NaOH + CaCOj4

NaSO0; +Ca(OH) ;—2NaOH + CaSOj4

Ca(OH) 2 +2H,S—Ca(SH)» +2H,0

Ca(OH); +H,S—CaS+2H,0

Ca(SH) 3 +Na,SO4—2NaSH + CaSO4

NaSH 4 Na;CO3—NaHCO;3 +NayS

2NaHCO;3;—Na,CO3 +H;0+CO; 1

Na,CO3 +H3,S—NaSH+NaHCO,

CeH;ONa+H,S—CgHsOH +NaSH

ORIV GO RIGHEM, HWE, pH MIGRE, 25K
BOBE) E RIEE oW TARKERO —flzrmT &
Fig. 1l ot khTh5,

Fiebb, T OAEER BT A RIEROBER L DR
NG E A ERBFIGTH B, RIGOHETE LEDIC
FOBRBIEAL, KL LEWCERECETL, o
Bz 313 5 KBS0 pH 3% D NaOH 23 HeS €
& T NaOH> NayS > NaSH o & & <, PRy
CET 5%, HEOE TG ERT S H0 it X
STHRENLIDEEZ BNS, FIRIGERYDE
{tit, Fig. 1 © & 5 NaOH—-Na;S—NaSH, NapCO,4
—NaHCO3 — CO, & HEFRMMEIHETL, REANIL
Na,S, NaHCO; i34t/ NE & 75 » TR TERE T 50
FRREHRNS HeS ik o Cfiahic b & CEfECE
Lickd®) BERETLEZUD pH oR#), ILEK IV
EFHOELLILE D,  OBSIIWTIY KLY
TR LR E LTULAT A 2 &3 TE 5,

12 30p (pH)
11
10

1.1

1.0 A ;
Sp.gr Wt% 1 2 3 4 5
Time (hour)

Fig. 1 Diagram for the formation reaction of
sodium hydrosulfide
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HWATDWH NI LB TEREY — KW E HloS BN ZDAE
WPy R L CER DK ELTATEY, FoBd 5
LD DEIG VRS, BERRFOS 0N 3 THEAH
2T 5%o EleAMEFBIGRO TH L & o MBI DU
TLRWE L DBLR D, B Efisat4 %
HLTW5,
COMBEERT T A= — DAL AA
R (R, TREMETRR ), &) eI
DOOERL B - THMRED ) 2, = 00E BT
DT D,
DE¥FRKBAM B WATHHMAT, BA A R
B THREMAMCRE I hTw B EEB DT
R %,

(1) LEF 1 (Kigaim B

by B VTRE, BEMOMERBTwy IR VY Y
VEHRIERE 7 20 BEEH 35 NaOH BE¥R & k= bbipsk
B HeS 2 by v 36 JOBRAOREE L 0 Fed

5 HeS I Z0REMREZ BHE LT, ZONHIELE
RAl7,
OE¥R, Toffik 7 e — b (Fig 2) 25d,

To flare stack
DEA H,5

—di_

HWaste NaOH

NaSHFor shippi

(=

Fig. 2 The flow sheet of Daikyo Sekiyu Co. LTD.,
Yokkaicki refinery

(1) NaOH EExH LV H:S HADFRERR
ATEHATC S5 7 — F U — Xy R E B <
REINDHWEHA Y ) vk NaOH BER oHEH B
Table 4 DL TH, ZoEBFEHINS H,S
XL DEA @k - THMEINTH D, FOMELS
~97% C—HOREEFL.T~2.3t TH5B,

Table 4 Discharged volume of waste NaOH

Concentration in the NaOH concentration in the | Discharged
Process original solution waste solution volume Outline
(wt %) wt%) (kl/day)
. Washed
Topping 12 2~3 7~16 with LPG
; ‘Washed
Catalytic » 8 3~d 1~ 3 with LPG
cracking ?
and gasoline
Treatment
Merox 5 2~3 0~ 2 by Merox
process
@ RIEEE H5bo
BIisx 7 38 e ) ~XCH#iEL, £% /7t (B EERKR

NI T =T, ENE RS D, HeS Xk No.l—
No.2 —No.3 DJHCK EFRAEh5 L D eEEIh, L
THRIECL > T TFhox v o0 bTh X & — M 3aTHE
Lo Twb, LicdisTNol %7 risid sk KIG
H2S 211 No.2, No.3 rFE-CEEERERINE
M, FERIGHEA RXFBRINDFE 7 LT —~ R & v 7 ~3k
NEND, FEBEBNLEAINL NaOH FE¥I: H.S
AREFIGLT NaSH F¥ &7, WMBRATA v»b
BECHEINS,

ks, EHZMFRSERA I NI o AT R4 1
y b IOV MNERET U UEEEERA BB T

EAFMOBEE RS LOBR TSR Y X » T NaOH
FEROBE - FHEIZ—F Lt L\, oL
NaOH 48% %¥h B 25~30% 0fs NaOH %¥E % Tk
LT NaOH FER L0 L, BELRELFMH LN D
HeS /2% ERMBL T3,
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B &5 hAEE & AR o RINRE A BT 5 Z Lic
LoTwb, ZOWMERREE O: offx &5k
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Table 5 Operating condition

H,S gas pressure at the exit 1.5kg/cm2G
Pressure of the reaction bath 1.0~1.5
kg/em?2G
Temperature of the reaction bath | Room tem;é.oec
Volume of the waste NaOH 70~80 kl/set
Supplied NaOH amount 8~15 t/set
NaSH concentration 20~24 wt%
Reaction time 3~5 day/set

», WEEZEE NT7 4+ ek >TLeEL,
ATHETHLEN D S,

RISFHOWEE S L ORI RS EEERC S0,
ERIEBY BT HHEATHD, ZDldic NaSH #
WOREE120~409; (R HEMCThHD. RRHTHIZR
BRI 31D NapS o4k EETL 60T, £
FRLOHEERIERCR S 5 2 & 03% 0,
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IR R IEDEHE Ut NaSH BT BETE VI —1Ic
BRAATWEA, Bk JORERc s W ORMAFIT
BEFELTVS HpS HZABEOAVAT XY, DT
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7T ZEUTHKY 202 ©ONaOH B L [Tl & - Cofkbrx
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B 2dcir 40% (AR (@EmsEme) HeS 4
PERL, SRR EERET S L 21388/ ko H,S
HAREIH 3.4% (FE) Lheh, CEMCHETH
< SO, AFELEEMMI R it SEIREBEOR
®E, SENE, TofoFREAENS HeS A& s
WEVHAT TR LIC < v E W D EiEhn B & o g s
B, NaOH BafRic & » AERIE D MR LT
W5,

FIARBBUHFTC S\ Tk L PG A 2 i ¥ o
M1z NaOH BEROAZNM AT B E UTALEE
ZEAL, A AV EIEERE O 7 TR A 0B gk o dikt
BERHEANSZ L1t X - T NaOH B AERE Y 5
EVREHE LT 5,

DOEFTTHREMPTCER I W -REESY Fig 3 wr

0°C f+

_PC
1 pot

"3 Fuel gas (to_trickle furnace)
_ Drair
[ (s
Trickle sour gas“E"__L ] el s

Waste NaOH

L[] T

Reaction bath

NaSH |For shipping

Fig. 3 The flow sheet of Nippon Sekiyu Co. LTD,,

Kudamatsu refinery
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NaOH e oHiliEr Table 6 0L 30 TH %,
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Table §
. . Effective amount of NaOH i}
Aiparibis NaOH consumption in the waste solution (kg/month) Outline
Consumption| NaOH Na,S Effective Na-
Be | kg/month kl/month rate content content |OH content
Topping | 10| 4,060 57 50 2,030 1,980 3,045 ﬁ:jﬁigiﬁ%ﬁ;
Catalytic — Woashing with
converter 15 2,110 18 80 422 1,650 1,266 circulating gas
Gasoline- Washing with
e |10 3,610 51 90 361 3,170 1,085 | rashing wo
Gasoline Washing with
stabilizer | 15 940 8 50 470 460 00 |[pa
HKOFRAEL 5. 2oLk ESTom %R & Kk Na,S+2H,022NaOH +H,S
L, ZORIGBC L 5> TFAL, HeS FIREZESG0OH NaSH +H,O022NaOH +H,S

SERARMAE (HoS 0BAERA 4.3~45.5%) 0EFr
B FTERERD Y, Z OREREY I Db BIBIRE A X
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BEINTW 3B,

RIEE DR % BRI T 5L OFDERD TH B,
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HyS A2k Na r LCwRSERAEIRINS,

3) KEISEECHEREN DI, FEELES THo
HESEBRIFF I,

4) TIA) OFERTIvbisicd, Bk L0
HFREONBERTL

5) KFBMBRAEEDZ) HoS H AR T
NTDONEY: L OFERNERL TEOERAER X LD TR
Vo

6) THELICERBEMEOMRNAS THS (Eil
LIRBE),

4. NaSH @—gayiE

MR NaSH 13 1t st ok cRgHho
MR EEAL € HeS %45, AGERTERESIC.S
NopLHEELRD, 100°C FigcamcisEfr, 350
°C TRYLT B, EKEESE LT, NaSH-3H,0 X
NaSH-2H,O o ZfEfrHEshtsy), 25F0k
K% &l DO/ C THD, 3HTFOM
K gish DORELIE 22°C T, Hicmfmodtih$ i
BRBEEOBRIRTK, Tha—N, T—F Lk L
SBEF 5,

(1) 7LHVE

FROFIGERSATT L 5w NaSH & Na,S o7
VA )RR NaSH 23/ ThsZ LIXHETH
%, b, NaSH 1050 EBNS NaOH 131
ENTHDLOEK L, NaS ofFrhiiE2 ENLTH S,

(2)%& © X

NaSH & NapS 3K EfER L TENENIMKGL T
NeyS & 5 BETGIEA%EET 5, Tisbb, NaSH o 1
FENAEB LY NasS 1ELZEhFh HS 1€t
M4 ABTEEA%EZT 5, oz &k NaSH 0BEILAED
rr NapS oy 1.39 fFTharc Licind,

(3) Bidk 15 A

NasS+H,05NaSH+NaOH

NapS OARBKIE ERESIGRD & ) b3 PHRRRC
Bo1cw, EeBBFHATREORIERARC LS5O0 X
S THAPERINDG NaSx ofEFIEE, Toflo
MBEHE X - TETH LD T, ZoRBORSIZ
W#ETH S,

NaSH +NaOH+S—Na,S, + H,0

NaSH o i#EfEA & NazS g L@ T < NaOH o
AT, ERORERIC & 5HRIER2H 5,0
AR END NapSx OFEHE S R ARECLD 1R
LEINTwB, AT NaSH oistaEpy NaOH
O¥sINE, BEEER S ONBEERSEN IR &
M, ToBBHEEASh, FREREZE L HEIND
AREML TS H B b D L BET D,

(4] H,S ~E{k (PHOHE)

NaSH4-NaOH—Na,S+H,0

NaSH i3 Efto & 5w NaOH & RS U TEHIC NagS
Licd, LIch-THnT% NaOH o2 T5 2
Lk » THEDEE T NaSH o— i ros s
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% NaxS IR s I E0EETHL, O ik
NaSH nJSHG B AfFEtEa fmd 2 /B8R0, 0
BEAKE V. ThbbETHET VN Y ESY NagS L
NaSH o @A EOMIC S\ TS ba e THETS
CENBRTHAHLD, EEOEED NayS » NaSH
ORGEATED 5 B0 T, R LT pH o
FES TRE L 12 B,

(5] Zitds & U PRIEDE TIFH

NaSH @difFEoRTw L3573 /{biclElsns,
—fz T+ /b -NOg, CN, -NO, -N=N- 7 ¥ &
DI NIRRT % &L L BT L T -NH, &Ko 35 7k,
-NO, DB L B DN B TH S, NagS, NaSH i
LBREO—BFIIARD L 0 TH S,

4RNOj +6NaSH+ H,0—4RNH, +3N2,S,03

4RNO3+6Na,S+7H,0

—4RNH; +3Na,S,0; +6NaOH

(6) EEOKREER
FEOMEBRIZTOERF THHAT -2 Ve TF
T3 5T VA VIEHOMEZLZFIR LTy o h K
FEREL CERYW B, 0.5~1.0% n Na,S, NaSH
A RERER & LTHML, I vho -S-S- 2545
HErUM L CHEDREZ RO LD 50 THD (HE
TREHD
(7) BiLLTHE
ZERAPDMBEC L > TRIEEHEESNSD & 2 1 NagS,
NaSH ¢ 4R UTHBHH, FOWER NaSH o fne
PRTH D Z & RRIPCHBROBRTHAEERIC X
> THIETH S, COMEEEFERGEL LTROKIG
ACEDBDLHEEEINL L LB, AXC LD XBic
BESND LD THD,
2NayS+20; +H,0-Na,S,0; +2NaOH
2NaSH +20;—NasS,04 +H,O

5. NaSH @R HE@E

NaSH oFIAE BB~ HEBIRE->C NagS &
Rtk Fekbks L OPRHEDBTT, bR, FHEOBRE, v
Aa—2Z « L4 3avoliis, wtgi, <L 7 EEHA,
FEERYR L IR ABECHEAIN TN 5, 2FrE
A3~R - L4 3arolligh sibyt, U7 oikmH
T2 TIBWCEIAT 5,

(1) EX3—X L4133 DB

NaSH # 23—z - L4 3 voliFse L < H
THE X, FRETHM ULBEIER, T V) E,
PH OFREIOE CHI Ui lEHE e & i Ra St
Ho HLAAVEHOMEKER LUCRREE () ©

BUTEBRUIHEREGET B L kD &) ARl
bhs,

1) NaSH ofiimtikcih Bk, NasS s s
O T Afo NaOH DFFER X - CTH ORI
THEWALD Bz ErfifEans,

2) TUVHVECKTHM LI L 51 NaSH o7
WA VR NasS X 0D{EL, Zo¥ 3T E &k
DO, BRI EIIEFE I,

3) Wi pH FAHMAESTH S - Lidnk L e
ERDT, HEOB L pH %3 oKy %L
TARICRBED LM TR T % 2 LW EETH B, (NagS
%) A3 588y pH OFEREHTH ),

4) NaSH 1 & - CHIBBiRT X iz po @i NagS
C LD MBBREI NS DL B, TeA BEBEI D
ERD T, ROKRNERPRRFTH S,

5) NaSH (Wi AEsy s &L ORAEENIRE @ 4
TR\ied, FERFAECE L, T - 1R L ET S
w2l Hle e KIBCERT & 51E0 D) CTle <, BA
BRREC L2 ZDMOEERTEAERD B,

(2] Bribgeklpe

BRALHER O L BhFIL NaoS 2 HHETOn [ T
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Fig. 4 The reagent solution recovery process cycle
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