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Abstract

In non-wood fiber raw materials, kenaf is a kind of high quality papermaking raw
material. The pulp made of kenaf whole stalk pulping with ammonium sulfite, has good
intensity property. It can be used to substitute for wood pulp to produce kraft test liner and
high strength corrugating medium. And the spent ammonium sulfite liquor of kenaf contains
nitrogen that can be utilized by plants, so that it may be directly applied to farmlands. But if
the spent liquor is irrigated directly, the fertilizer efficiency is short and the utilization ration
of nitrogen is low duo to much inorganic nitrogen in spent liquor. Moreover, the consistency
is low, the transportation is difficult, the storage is discommodious and the contradiction
exists between production and fertilizer seasons. The solid slow-release fertilizer can not only
reduce the problems of loss and contamination on common chemical fertilizer in use but
eliminate the pollution problem of spent pulping liquor for small and medium-sized paper
enterprises and realize cleaner production. Therefore, this paper studies the slow-release
nitrogen fertilizer which is prepared from the spent ammonium sulfite liquor of kenaf whole
stalk.

This experiment first investigated the oxiammonolysis modification of the spent
ammonium sulfite liquor from kenaf whole stalk based on oxygen as the oxidation agent. It
discussed the effects of oxygen pressure, reaction temperature and reaction time on the
content of nitrogen, ratio of carbon to nitrogen and pH value for spent liquor. The results
show that it has a good effect on the oxiammonolysis modification of spent liquor and the
increase of the content of organic nitrogen by increasing oxygen pressure. improving reaction
temperature and prolonging reaction time. But oxygen pressure and reaction temperature
should not be too high. As oxygen pressure exceeds 1.6MPa and reaction temperature is more
than 120°C, condensation reaction of lignin takes place easily and produces black deposits in
the modified spent liquor. During oxidation process of spent liquor, pH value decreases
quickly in temperature rise period and initial stage of heat preservation and then changes
slower in late stage of heat preservation. The better conditions of the oxiammonolysis

modification of the spent ammonium sulfite liquor from kenaf whole stalk are as follows:
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oxygen pressure 1.2Mpa, reaction temperature 120°C and reaction time 100min.

The following experiment searched for the method of increasing the content of organic
nitrogen. Firstly, the method of increasing the consistency of initial spent liquor was adopted.
The initial spent liquor was vaporized and concentrated at seventy degrees centigrade in order
to improve solid contents. But much ammonium nitrogen in spent liquor is lost in the process
of evaporation and concentration, which don’t benefit to the use of nitrogen. Afterwards, the
measure of appending ammonia water to the initial spent liquor was used. The spent liquor
was modified under the better conditions in order to increase the content of organic nitrogen.
The results show that the content of organic nitrogen increases as the ammonia water dosage
increases, the better ammonia water dosage is 8mL /100mL spent liquor.

In the end of experiment, the solid slow-release nitrogenous fertilizer was prepared by
the technology of vacuum freeze drying. The solid product gained is black brown and
powdery. The content of organic nitrogen is 4.58%, which is 34.36% of the total nitrogen. The
value of pH is 7.8. The ratio of carbon to nitrogen has decreased from 6.96 to 0.82, which

conforms with the standard of slow-release nitrogenous fertilizer and the technology index
requirement of organic fertilizer.

Keywords: kenaf whole stalk, spent ammonium sulfite liquor, oxiammonolysis,

slow-release nitrogenous fertilizer, vacuum freeze drying, solid

fertilizer
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4.2%H BN ARAE.

2 KEERE
EABEBARRRESREZERLOBFIZREABEHFEHEESR. KFERZEE L
B KN MEIREEE. REEEMBESER. aRTREN, KAREREMAEK

VHEEREF0A~LUE. 2EXKALREEEREY, £0F,. EEXHIE21.4 %H
12.1 %P4,

1.2.6 X584

FEBARRHEARSEHETELIHBAC-CRELTRN S EERS FES
W, REHMATESERE. REANBESEEEH, ZRH—THESHR, TH
ZFESIEH. BRIAREMERUKEESIEHABLARESIEH.

) BHLAREESIEH

E—EFEFTF, AHEARBUNGKBENATHRRE, RAS5LRTI TS
FEHTRERSHERSBESERFS . Zo™, Cu®, Mo¥. Co?. Mg %)% 37 381
NEEY: MUARRESIEHRALEHOIEKEN, FENREVEEREATIIEE
1. W BEWRAKRGEESHIaCofIE & L. HHEE0.5gZn /m*B1gCu/m’Y,
ﬁ“ﬁ?ﬁsﬁﬂ%ﬁ’é%ﬂ@?i RIS AT AR EPN. P. KEE. LXREVREMBEGA

RESRIH, MUEBRANZENAR, TWETHETEYENNEILERTE,
RHREVEK.

Q) WUARESIEH
E—EFHT, BARZRHERAMHEHLAE, TKEE. BFTHREHREB



S %R

A — l— P i e——— — S ol b

e N

EEATEHERARE. BEEHERXGTSTNAERHBESERZ>. Mg
%). ARPILREY: BUARAFREORXAER, ETHEIERADFRLAZS
ERBTHBENESER, KATRELENSBETHEE/ER.

1.2.7 KEEEHBBE G

UIBARRER. %, HEeRMBmy R, B—2NRELSIBER, t—8
ERHT, THBUREEREY. KRRSTHRE. 32, B, FREHRIEL
BHUEY RS ENENR, 51 EPEAEERO%. 8. SSESE. RHEE
LRENFRETROBMBALFTRNEEH, REBREREE, Jxﬁﬁfﬂlﬂiﬁf‘*l&‘]
R KAERBEAEERHE, FUHPB. SARTERES.

(1) AR

MEANIERALES, BFIRASNHRENESIER, BEBNSSFAZ—K
A H10%~25%. KEFESFHOEHEAREMRS FEHENE, FRAFS 1T
FFe. Al. CPFRTHAHRARLEEY. BEYNEEH. Eit, FIAAREMBLESH,
A REBNEF AR, AR, #MAR5R.

ARERMIMFEME SRR OISR, SARNSES, 755 4HERERE
BERHERGT, SEAARZHYBI. TREAY, KRENABENENBRSER
HERR &R E T 10%~20%. AREHIANEXINE T BER IR T 8RB 26
fEM, ERARERFERR R BB R = 2 5 4 14.36 % F118.5%. 853 M8

TRRYW, RERAEHBRIERRBAPENSER, BINEEHTHE, ATHER™
B, ¥r=18%L L,

(2) FHEACBEAE

ERERT EBNENAEEHFHELEOAERR=Y, EEF—EHETEH,
RRLBORH B TXHRMERE, BT ROBLEREE. MARRESHIBIELE
1, MEAELREY., BNARLR, SHHEL. EXEASESY, EEEEEE
KEBRNBTARENHTREHEMNFLER, REHERRTERNBE.
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B &

1.2.8 B EHNESH

E R R HIBIRR . BRGNS, ERBEETE—CWER—e e
MEREARFIA, BERAEEREREENEAG min) BRSENES, HEREE

oA, SIREREREADEYLNPK E4EW, 280, X&F3
Bk 20%UL EYHE. (AR 7.2%. 3.20%)Z L MEMEKVEEETE. T

FANGUEIG R, B K

i

EE MRER(E

s

JIERER B E YL NPK 54 IR 8 RT3

XY HAGKEBEEILYEN NPK EEBREFRIFNEXK. BRAZENWNESRE, &
AERERE: BE. HHL. B, 55, AEEEL. AFEK. TEEYYSE
REBARAIRBEEEVDENESE, KPEHHRK 40%~46%, 28 1.2%~1.6%,
AR 1.0%~13%, % 3.7%, TEEB. 5. B%, BRI REEHTE, &
SRR R BRI EYH B B~ EH.

1.2.9 1 hm

NEEXBFLEL RN B TERRENREERREMTRAEEENBRIEEH,
BBERBAREALRTR, THELIEBAREH. RELEMBTXHRENS 1%

mmtE, AMREFELREE. RK. REMESKIEES, EiGaTE el 49,
U B3R — e Lo Bl R & A2 7™ 1Y E ol RPI2E UL TF e

HBALARR., ZEAMH, AEFE

RABRRRESMETNRE R L ELR

Z ﬁ?%ﬁ’%@ﬁ‘]::ﬁ, ﬁﬂﬁﬁﬁ’t

Pl R RBBRG, AR iREE Rigr
PR L. S HRUKELHTRS., FHELRR

HARENLRARATHRBR., SYHERHRNLE, FUTHE B0k - E05%

HAEElE, TEEENT LESKRNESE. A 228 LBRERN 128 LmAARLE
TR, HSTRAKANEGETRPREH#E. KENRLIEERIA TR L

YK RED, REIMHLEE

A

4

EVIMBR(TEILE . BHLERBREMEYE, X

I B S T IERF B RAEN .

1.3 TEEANESHIE

WEEFRAFAT —BREFIE, HERE"

tE, BR—FIHERKEEFYRAHR

#H, FEEFXRENY, E5F N, P. K ZEXRS. ALY, TEHSEER

14



L T — —

- it

EERTRE. £76E. HeRPig,

1.3.1 WiRERE - ERAER

1.3.1.1 BERES

WEIEFIREENERR, SHE. ¥,
fEXL, BR{LIEMFHILRAE

IMAEREIY), E—HEERAIAE

EtERE, BR—FIETEAIEY. BRATHERFGRE

—HIERBFFIIEHER, AT #—SRECENFIHENEZENERE, Bl

ARLZHRERKAEUEREFEERERENEL. ¢
MEBE—REAEEHFHEIIER, BRENER. R

T =K

by 2 A R

AREFEEHRRTET

E SR KRR

ARBREFHIANES R, SERESTRERAETERNENERNEE. 4
BB T EEARLE R TEAREE, RESEZAAAINRENENRE

& MAFYRASEEREENSE, LFFREEHENRANE. BHAEREE

ARFZBMEYIIER, ZEBRRELED, BRENERLUEA B REDRE, HHKZ

ZRE TR,

FURMRRE—FHEMENFATILARZEN . EEEAEER P,

ARARRSIANBAKRESH L. XERARNBHEBHIARRE —HOTZ 8 6 -

FRFESHLH . MEREBEIRPOENREEREE, )
FHRRREEETII L. KEEURNTEANEARNBEMERE

85 FEAL

AR I R

JEAL BT e B

Y. JER.

PHRR. THER. ERULY), ERBEEMAEARNNAREASNTELE., FRk
REXEFILFIRMAFRARE, EREHEEEXTH,
ZRIERXHKRUIER, ERAZEE®R. ZBK, TEX, #kE, AR

Ko FIRAE SRS RFSRETIENFENRREN. R TR AR R
HF AR, BRAI RENAR.

1.3.1.2 KRERL BRI MR
AREBEEUEHETYHI>TERK, FEEHR

" —

VR E . FIER—FHLRE

FKEMT], FEHENBFPAF4 HOO - M HO » B ARE. EEAR3|AKE
MERETFHRTHmEEEFEERE, $RREES HOO » R RN A REILTE
R, K*FELSETH, 4

HRoZmEm, RER.
TERE.

B S AR ER R B R 5 BT

‘ﬁ,\
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i e _ iy I e N _ I N, S

HAl, XTFEMEREAT LSIANERUMAHREFENTEER. XHPISELA
RENERTYFTHBRETERL ~NH,. —CONH; I RIFB A B ERAGE. BiESL
HIAREAEEZEATRETNERSFERBERRERFE FELITH, EREEFEHELSE
Y. BREMLY). SRRBEIB LS, MBT BN Co M Cs MBI EF2IE M5
AR S R EAY, —SUBERAENREAR O B EERSRE, SN
SRABBMAREYY, BERE. FEAYURESE. BREHTUSERES, RN
PLEMHE 1-3 B,

C—OH + NH; ——» —C—NH; + H,0

\ \
C=0 + NHz —> C=NH + H,0 (R=H, Ar%)

| I

R—C—OH 4+ NH; ——» R—C—NH, + H.0

@)_&* e N

NH, \ CONH;, \ ¢O

COONH4 CONH2 CcoO

\|
NH

1-3 KEFL RS R EP
Fig.1-3 The supposition on the oxiammonolysis mechanism of lignin

16



A - R — P s s b i I I——

1.3.1.3 HERESLR

RERHEVEKRN “ZBR” 2—, EHARAPUTHEERNENEAFHHE
ST, HYTEERERBANRENLERE. LRIEYH, VRER2ENESIHRE
BEIRC, BRI SERE. BEEE, 8RRk Ebrkss, TmEh
AR LR P BHE R KRG A BRI, BESTTIEp—2a 7R
RAVEAE, METTLAHBRGIREREBE S, MAREKHEMENERNE, ISR NE
e, REEHMFAZ. MREEYNRESEARREEREZER.

EHAXZEREROHARE, BRNEXHERHRAR SRR, BELERXERE.
BEAARAREXFHACHEENHARE.

HXERPINGE, L7, WK, FESH, FTERERYREYBERE, 48
R, EHVEERE, K. NEH™ 26.9%~32.6%, WIEHFE 15.7%, TS
20%~35%; WrEEME 13%~36%, BENREYIZHE, TTEIRLESE.

Antje Potthast* B 5B, X FRIEWEK, FETWEEREEFEEARENE
FR B P RIERE2ME . BB R, B TF&EAREREMEMT, Sn*EH8S51g
KA BARELE 58 H17g8 B IR B3 R 2 — R,

Felipe Ramirez-Cano i R E SR EMA R EREHEE FRRMI LR, i
ATAREZRIEHERERER. XRSBHIME: B—ER, NERHIEEK 73 R, R
FIEAER AR LY 204cm~212cm, LA BT EACBHHE AL A9 B 28 29 180cm~195¢cm,
RAFREE SRR, BEFH, REFESENHEEZLREUAREIRE+
Rif. BHrER, BEIAEAKEZIEENEDNEDE (4 0.2kg) LERRENE
PHEYR (£013kg) 2B E. RHKENMRRERETHEFOMEDMRR, 28R
HEE, HREEEAUAKRERE—F RIFHNEEIEE.

Meier DPR L EMARERTTHENZARRR. £2RH, HNSEHRA
BER B SRACAERN 82%. FIFF, bR THE AOL FEXM— M EEHFE—CN
the il 025 ON KT 25 0, YRR, WMEYEREEBHEREEK. %/
F 200, KEFEAGETEYEFEIRBEHHERR.

1.3. 1. 4 RS R E AR FL

WEEGRERBR-FBRFNRAFNE SR, BUFEEERVARKENH
MV EFFIEENZ REFE, FEPXEEANTBRAHFAKR, ERTESLR.
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g% 4

A ———— e N — el —— i ——

R HORE B B R A B S A &, BEE T, B

3, XAIBRRETFE.

M E T REARRICI R BRI TR E 7= 8% A&k R AR5 SR

DAMBIR. BRREER, EEEHRXBER. HEMTRYEFHET.

AT T,

RETHRMAGTHSE. XPAGTRE, FRNTERERLEE OCUTHEERT

AT EA D B R B IR K « Y TR TR R R L T e AR 45 87 5 o ﬁ%fd‘iﬁﬁhi@
FIRIERE . FHERMRER, K, BTK—8, FE4HE, NBSEETISE
HIERE. RIFTRBEIN=WHRIEHRTY (lyophilizer), {BRFFIZN 44 W & Z ]

A AE B AR SR B RS 5k ARIE

1.3.2 WEe@EAH A

WEGIRER T IHEEBEERE. ). B4R, HEA. FIRE, HESH
HAEVFRGEFRRS, SR UEEIAIFVER, E&5H RS
BERARREE AR, 6. B 5. BETEP. EHLTEEE(S FAE 10%~12%),

FERSLREAAENAES, SH%LBRI4F. EHBLFH

HABHEANTENARE.

EREREYETEREAN R, BTRE(REAHWHIS)EILER:
B, PEERBUHATR. BEFERMTERFBMED T LA,
FIHZE. BERERSBAGRGAEDERLFAEXBAEZER L,
REENHEY, BERFELEHAEFERBENFEAELSR

INEREOREE.

RIS AT IR FRAEDEKOKRIE. REFERY. £

BV R AR

A W IRF

1. B, IE%%%&%-—

RZ FEES
R ERN
FHEM R R
S B ASHYIEE. H

EHiF LEEFMHEEFEVE=REYER, XRANCHEHREK, H AT
BXRHEAER. IARY, UEEERANERERIEGE, B
HREHUE, STERHEDREFYR. B b RIRHA R/ NSRS R
ARENYBELSELE, WBRASEMIR, BRUTREERTEARE

ERKE
EZEA
q=1:he
CRFREELEE MBS

T

ATRAEATHAL, BRI T AR, FNBRTEEESH IREES R KPAF BRI

iel 22 o

ZWA, MATERRTRERDE RN 12%~18%)EH, SEFEAFEE,. ARE

RN D RAEETEYREALE. RN SXKE, SHERER
HRETERAEREMAREE, HRAREREERH, KT
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¥ 4%

e

BHERE, HFEUTRAPY: ORBEESERE. METEE, OMBETEREREE
FFIR, DRAFMFEEHRE. BiFE: QRS T EEERMERMME; OMNTEXEBNES
. OFALTETIRF: OFATEFEYEE, BT EEEKHIRESL,

1.3.3 ERERE"H ST

EHEBRKERT, ARFRRESHEEHEYRZHLE, T8 ERL EHES
HIBETHALERUMERSN, AEREBISATERE, THTHSHHRNHEN.

ARFRTEERRREE G RE &M - BESH: ARESAE (BRFELL.
By ilt. BRRENE) « dEE (WEZRDBERNE) EVABRESFEABES
EMERNGIKR. ERERNEL, ARFEENARBER D SERKREAL TR
BB B BULERSHE, KREERARBMEBEEEM, #IBMAKRERE BRI
fott. Chen™ I RAAR RS FHEERMBKE T AR IEUNTHTFEERERST
BIR4EE RN, UREMTERERMEARESESE, X—RNTEERE UFEHMY
HEEE. KRERNATHEMEPHOKEFNTHRAFHNEE, FEHAC2HR
. FIMAE=EHRA PFHARPTAAREBIHRERTREWIEL. Piccolo %1
IR RBIR PRI E BB AMER R 2T,

BROARRY, AR UL EHRERABETERREAORE T REEBEEE
BREE= R, 2317, BEE=SRPEIY 58T AHEENS278%, MEVYEER

ARBRE . MRENFAER. AEFRRETELSET. Bk, BE~RTAT4E
PR S 3

1.4 KieMHARBBAMEN

ZRIEEE AR 21 R YNEERES G, FALWTT, 25 L4,
AHBEXEENTG, SREST, FEERNSHNSPRERS. Hik, XigksE
PL “REFFUREFRXERHEEREEMAR” AR EE.

ARXUEBFRARREFHTHIES B RS, U ARERSS FEREIRA
WU BEFIREBA RS, EAAEMAN, BSELHHEN RS &R
AT, WITEWAREH EREFRERERERNE&E, REEXNOHE: KE
SAEIER AT, SIREAERENEAE, UERREESLENBE>SRTE
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K. 2. BEREARGTESRA.

FLRHENRBRARAIGHT USSP K. I, METEAFBETE
R . XA T BB ERLRRPHRRFSREE, gk T &% E
BEHZERA IR, £ 5RUYEVNHFE, BIBERIESRARE—FEN

AR, BRPPMERSWHBRERBERTL. LHHFEER, #TRRRER—
FRFHIL R




2.1 HIHRE A&

2.1.1 E&EH

HRXEFHNEHARELREE R IRME N 30mm~S0mm KEKF, BFK
PRSP EK Y& A

2.1.2 HINER

() BEFHE
KAUFEEEE 2QS-1 B 151 i pIHEEAZRPHTESE. BEERBAINTF
¥ 5008, F 105C/hIGR, RELHEBRRENHERE, HEBALEERE.

(2) BALZ4MH

FRAFETF EERENERE T Z44, SIRABRLFTTRESRER. XET
ZERBEMERIR,

21 ERILZ&HE

Table2-1 The cooking schedule
M

R¥RmiE TEaHE MORBER WH HAZBEHEEE AEMHE SLEE
/g /% 1% /C /min /min

- A ——— R e R il i l— _ i —

500 20 55 1:5 165 120 180
H: BRTEEP OCEH 20min, 105 CTH/PR, BEKSD 11.84%

3) EEEHK
BT ATHEXFRRDCHIRER, HOETFRYEA.

21
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2.2 HHMRERILERS

2.2. 1 B pH ERZE

KH 868 RIMLEE vH I B B i 6 pH {H .

2.2.2 %BSTERMNE

RAWRNIESERNS% TP,

2.2.3 EIEPERENE

() BEePH .
ﬁﬁ%%i#ﬁﬁ% 5g"""10g (40 E"“*’60 H) Eﬁ@r ﬁt::s Eic %ﬁi‘ﬁ%"ﬂﬂl
ImL FrR R, BRAKFRERSTSAEDIRS, £%F 100C~105CIEBRE AT 1h~2h,

BEAR—ERMETE 1000C~105CH4 3h, HEETTRBAANEZEER, KEE
B, HEEFEC,

() 8 H
AV S BEHE AR W TAHR.

ERYERG= ”";”’ x1000 gL 2—1)

AP: m—KREE (FAED) METEHENRE, g
m—HBREAAEBNEER, ¢
V8 ECAH A, mL

2.2.4 FHANKRCIEANE

(D JeRH

HHANRKNAE T EY, RAERRFRALEZRRRTENYROHEEER
CO;, MEEMMTANHRE, TUAEHEEFNBRSBENLLE EIERND




» *

2K2CrO-A4+8H,S80,43C ~ 2K,S04+2Cr(S0,4)3+3C0,14+8H,;0 (1)

FIRWEAR UL R IR, TR B0 B Tk v 0k B B R Tk VR 7
%, HE RN IR

KoCr207 #7H,S04+6FeS0, = K S04+Cry(SO4)s+3Fex(SO,)5+TH,0 2)

@ MELR

BIAZEER 10mL, BA 100mL FERY, MARBEEE. BRI ERER SmL
BAGKRST, BREHNDAERBRHERESRRc (1/6KCr0;) =0.8mol/L]5SmL, /5
AR 10mL, HILREAHAPPEL, FSEREBEHFEE®S Smin. WERRES
RERG, WHMANESBRAETS, NATHIMSnL. FEIYRZESRERTA
Hl, AREKRFAKEAINEE, A 85%H8 2mL~3mL R~ EREIE R~ 8~10 75,

FAR R W B bR T M { [ (NHL4)2Fe(SO4)2]} =0.2mol/L B E B K F (655 4 15,
EHEREZGTEZHRER.

@) GRUE
THAXW TR,

(V -v,)x0.2x0.003x1.1

}PHxSxG
100

C(%)= x 1000 x 100% (2—2)

AP: V—ZAERERITLEABAE, mL
Vi—RRHERREREBB AR, mL
02— MR E L EIRAERIKE, mol/L
0.003—5 imL ERBRHFHRERR[c (1/6K2Cr204) =0.8mol/L)48 X4 8 LA T R KB AY
%

1.1—FALRIERK
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- U

L A i

2.2.5 MHESEBEAMNE
KA 8030 58 T W52 Srikled,
2.2.6 28 (£N) ZENZE

(1) @jeRr

RBFLASEHMECIRANKERZE (KjeldahD), HEH BAEFHPHSE
B, EXREEANKERT, BRMREAERTHSEFTIYEAIE, T
ERGIRESARBE, BNSBREARBFESE, MRBHEE, REH—TE&N
PRERERE, SEAFESERAFGENIEALHEE. HEERNUT:

(NH4)2304+2N30H —— 2NH3 t +2H20+N&2504 3)
NH;+HCl — NH,CI 4
HCi+NaOH — NaCl+H,0 (5)

(2 XB&E5HFH
A X3 OFKERMR(250mL); QHBPTF; @O=A%KE}t; @FEWEIM(00mL);
OHEKARE: ©#FBMH(250mL); DA EE(50mL); @B HE (SmL)
B. #l: QKGiER:; ORBRH (REHA); OWEH (CuSO, *5H,0, HEALFD:;
@A FALPBBR: G0.1mol/L HMIFAERE: ©0.1lmol/L EEALMY
IRERE: @0.1%FRAIETFRHA

3 PEPR

A. BEHEA: EREN SmL FFRKRARE, BA 250mL JUKERMER, A 6g
iEPE I 0.6g BREREA (CuSO45H,0), M 20mL KA, WIOEB—B A=K}, F
AP EmAEA, BEIDKFFABAEL. EREERE, BmEKN (360°C~4007C),
EZEZHERA, REBFHENWN 1h, AH, ¥ 100mL ZEES GEPIEMA
20mL ZFBK), AKRSVERIKEEIE, AHNEXR, BAKESEZZE, 8.

B. IBREE: B S0mL HBHAHE, BEA S00mL FEERT, MLy 100mL KF
MBI A, M SOmLA0%EEACHIEEHE, SLANEE™, HiM7) 45min (ERZE B IARL




Ny - 4 _ﬁsﬁ

— I i

S A — e R

1/3). BEZEPFEEFHIMA 25mL 5% 50mL0. 1mol/L it B8 rVERI .
C. WE: RBRE, FKERARE, BHUEEE, W48 01%FETiERA,
] 0.1mol/L EFALPIIFHEBRBEER/A.,

@ 7H
HEARR:
2N (%)= c/1~ c72)x 0.01401 x 15‘)(? X 1 %1000 x100% (2—3)
R o—RBREERBENRE, molL c:—BFNFFEER AR E, mol/L
GC—EANERYSR], g/L V—fR MEXEH, mL

100/50— B &5
0.01401——5 1mL SRS [c (HC1) =0.1molVL] A X LL = R R A B85 F 2

2.2.7 %7558 (NHAN) 2BRE

(1) Je=E

ERBPMEME, FHBIEES, HERREEETMEEGHES, BRG
VBRI A S i B AT R,

2) X5
A. 3. 5LRAEFKREBEREHEEER
B. WilMZd: OEME: O0.1mol/L HEIFERHE: ©0.1mol/L EE LA IFHE
B @0.1%F EATRTRA

3) MEL R

HER B R A 0 R HOAAE SmL, BOA 100mL 7K, BN 0.5g AL, HRERALS it
178, ZEBEBRELREB[c(HC)=0.1moV/L] 20mL R, HMA 3~4 FFEL
Enl, ARG REEA MRS [c(NaOH)=0.1mol/L)i &8 E £ A8




oy s 9;&_

4 iE
MELERIL TR H.

NHa-N(%)= (c:V2 - cV1)x 0.01401
VxG

x 1000 x 100% (2—4)

AF: o——EBPIRER RETRE, mol/L Vi—SE LR R A B, mL

C:—EHBIREBRNIKRE, mol/L V:—HRMinEREAFE, mL
V —— 58 KRR, mL C—EHBEDESE, g/l
0.01401—5 1mL SRR [c (HC1) =0. 1mo/LIH 4 LI R BRI E AR E

LEFLENEESNILNSEREZEZEUES o NESE, BN o-NSERR
HXHE, MIELMHE. BAEHDPE—BLEINEANB LR NH-N HEREE, B
PLiZE B H NH-N AL R T ENE.

2.2.8 HHNYHSRES

(1) & BB F B
20T TRIMAEFXRED, F+_KHRENEN 20%. WA 1mol/L KLk
RUEHBG LT TEMNERICER), #5942 10min J§, ASBRISKRIEREE,

(2) Jer B

B 6 FTAREWREBHAEROBEETH, £ 55CTiakii s —#4R2
HMECYIRERERRS, i 0min 5, HBE IL FAELBESD, BEUERTR
HHiHTE. BREVMASKER>?EE, B TENKEBAEABEENEF P, &
&, ERIETMA—EARNEREK, BEIEERE—RK, BESFFHERELEE,
HTENKEEEZCEENHERER .. SRR ERERE SSCELAME
ZTRETAEATEEE. AN EERBERE N ER AL ERFEE, 48K,
FHRETHRFEARERBRERINER, BECONERGREBRYSE, &%
TRATEEERAPRKRARBRBENSE,




o

-8 ZB

. Rl iy ey el N et i M A f——

VxGx10~ -—(W1 +W2)
VxG

x 1000 x 100% (2—5)

AERRE SR (%)=

W:——KHEESSCTRTEREFRERYMMNER, ¢

HRBEAKHEFRNEBHFERE R20CEFNEAZTRAFRTRIEE, kN
PUE LA G E P ATHER N o FEEER, WRARIERERY NN ERZ MR
EBFTRR. AFERSBFKUEVBRAHER. BLCOMEREREERY S E,
ETFAAHRHERPER. FAERERKUEYRITNEE.

R, LARKEBALEYSEE( a)-W;+W4x1000x100% (2—6)

X

AP: V—EBEIHEAR, mL
GC—EHKBEWWRE, gL
Wi—KHE 120C T HRTEEFENHER, ¢
Wi—KHE 120CTHTERBREMEMNER, g

FHRMTHRE DY F&BTR TG E.

B, %ﬁﬁ%ﬁﬁxbﬁﬁi(%)-(“’”"’:} g”“W‘)xwoonoo% 2—7)

AP:  V—RBREAR AR, mL
GC—HHRBERIRE, gL
Wi——KBESSCTTRTERFEMHER, ¢
Wi—KHBESSCTTHTERBARBRAEMMNER, ¢

Wi—KHEE I20CTRTEEARBENNINER, ¢

27
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2.3 EHRFE LS

2.3. 1 9& 514

(DGCF-5 BImERMNZE; QESME,: GEEF (200mL)

2.3.2 LA

FESIFHERERRER 150mL F GCF-5 HEERMNED, MEABAESR,
mERNENRKER, BHEEESR, MEEHENED, THRNE., B RS
BEREY, THABK, Fahtiis, AREHEEMEE, FE—ErtEE ek

MEH, BRANE, TR, EAEHIREOR, BEER. BEREASERTE
#EwE 2-1 Brow.

21 SHEREERER
Fig.2-1 Reaction equipment of oxiammonolysis

1- 8|S 2-3SH -HSE 4BAE SMAE 6KHE 7T-HER &
9-E 10-ENETH N-BEEHEZ LHREHE BHABARENO 14-8ER



_ FTR IR

— _ i i - ——

2.4 HZEEBEEl

2.4.1 8%

LG-1.0 I EFBH TR

2.4,.2 Ak

KHARZEGHT RN T IES LRSS R RS =5 ik B 2R 2 E,

2.4.3 RERFTIEFEE

RUETRAREAFTKEKIYR, FESTHRRESRER, REEETHNEMG
TEARZSREEELR, MYRESFEERLEN OKEP, BT TREEHRE,
B ZAEAENERERE, SIEFRESGEENTRNEIGAELEE, HTHMA

R, BETENE, DAENEHETELMM. BN TFREEREGEETHT
B, —fA#Eit 40°C.

2.4, 4 FTFHLHERK

IR R TREEMNBEZAFTR, SHRETI. STHERSES, aEs
AR RERE. MARENEZHRENNEERSHR. BEMS, hEHETHRFT

A, RBRBRIKIRRES . AHN. KZEFERR]. Ba5EFTHS4R. B 2-2
RFFHARRER.




¢
s
i
N
rTLrHr

N
l[vi

B 2-2 ZTHENTER
Fig.2-2 The constituent sketch map of lyophilizer
1-5TH8 224585 3-RER 4BAERN 5-KAHE ¢ ATHRE 7-5T/ALEE]
8- 2 RBNZRAT 9 WRIETR 10-2RBEKRT U- AT R-FTEASE]
13-2RRMO M- AZREHESO 15K

%Y. nEgR. REEENRD], BNEEZER, WRETFIHNESZES. &%
AR EBHAS —40CESR, BBNRBE+SOCELENBICES, BR—I R
RENEAESR. CRETVIMNIERS, EEATHESRREARSENSBRE
£, M R#TAE, HEESTHE, FFERRRKSFHET TR, ARSERE—
TEZEFEAEFR EEMNABE—NMBEARERNOSERME, TGRS
—40CULF, HEfiE b fEReixMEER . SRR A RIEGETFHAZ DT 4 k6
KESHEERHERERER L.
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2.4.5 RETFIZHBRF

ERTLH, ERBEHTHAIEEAENTRAN, —KEPERLH, REE
5], ZRRAREXTMEEREHRLY; RAERASGHTARTHENNEEEN. &
A, RRGFTHETSERRE, AEH=RBANGTHERETHRYG, HEZZHE
RERREFAGH R EERITEA BRI, METHABRRNIAS —40CEEN
BE, FEEREH—EHRER (B¥ENES 100uHg L LHESE) , AN
1T —RMASFE T, FE—FMERAEFRMNEEBTIIESOERE. %
PR ERTEEHTE_SME, XNTTRERFEES EAMORAEHREEE.
ERSRERFEDEE, BALERET.

HT4ERE, BERTREFNZEATES, AR TMESD, LIBE
HRBE P HIKS

2.4.6 HEETRBAS

BiE: WKs QpH (L N EE @NH-N 5% Go-NEYE 6)C 2B
(No-N/2 N NH,-N/2 N (9C/o-N, B pH {5, KABIRIFRA T ES RATHRR i,

(1) pH HAIE
A 3B 868 BIEBE T,
B. Frik: BURAKE 5g, BT 100mL 48+, A 50mL K (FE#EZE CO, ¥4
PEFE 15min, ##E 30min, B pHHRIE. RIFREE: PITHEM<0.2pH By
2) o-N/Z&N: EFRENF o-NESEBITSHLE
(3) NH,-N/2 N: RRE N P NH-N 5 BB 569 H. 5
(4) C/o-N: R/ CEEF o-NFEHIL{AE
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F=5 4SR5

3.1 FIREEZRNTENRS

AREF LEEWKEE, RHALKENSTEEMELENEERERETE
R MEEFLRPHARER, ERSENAZEMBAARERETEY, FAEE
AELRENER, ARFREFIDRINDBEESERRS, WETEEERD, &
A BRIE .

HRBEBNRIEREHANERHE. BERENREFHETHEE, ELHE
PHEBANFIENER. BTERLRBBCRE T ARER 4 HER KNS B,
KERERE, BRFMERN, RERERR, ZEANKASUETFIERESHEY
BICRNENH, BRESHERBSWEEHEERAW, 2HIFRFLRE (n3eae)
FRELZEFREAOBRKEZ. £ N R NH-N 52550 834g/L. 14.49¢/L

10.64¢/L), FTUAFTRBEMLEMRAHE o-N 58, ARSFTEEHIKEBERKE
EBRD A HERWE 3-1 FioR.

%31 PREFANTERS
Table3-1 The main components of raw spent pulping liquor

x5
157 ¥ C £ N -N N
7 B RK{EEK R NH, o-_

EE/-1" 1316 5.68 21.18 28.39 9.58 5.50 4.07
————-—————-—-———-————-_________________
H: BERMpHEN 80 » EASNSEREMBERTE, U o/L BR

el I A

e kil Al —

3.2 BIRBREARATEYHNEEKS

RALEBIFRATE, MAKEHEEESREERTEYHTEERS 2
BT, GRARK 32, AR 32 FORBTUEY, EERFEYIENDSETARE
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A L ——— —— - ———— il ol — L I

B 83.91%, MANDEIERAEHEL. BREENEAERERAKLEY. BT,
EEH—EEN NN AR EP TR SAEFRE T NEIIERRRN oN. #-
BH 7.28%H N TR RREYREFIA, BUAKSFT TEERTRERMER, #E
BB EZRBACEFE.

u

R32 HEAREATEDNEERS
Table3-2 The main components of dry solids of raw spent pulping liquor

AKE  BE EAERZS FHHILR. THME K5
FEY RBRETE BHHY
7 (a5 BAHEY W ¥ (%Jlgl?éﬂ_)_
=B/% 432 29.76 52.68 17.56 16.09 83.91
#: FTEYHEREXMERYRE. LSRR, BEENERYSEN 131.6g/L, pH{EY 8.0

2% 3-2
FEY C £N NH,-N o-N

A— ekl Rl R I L e A L ]

a8 /% 21.57 7.28 4.18 3.10

3.3 FIREANN (FUER) WX

BT RACRBT =4 RERANHRER BREEZHRAXBORREK,. RES
BRTRMENN, MREMS, FUERRTL N, NHN SERFRAEK. RES
EZMFINAERRRK FEFCERBAFEROEREE, WAREREERT oN
Fi. AWERHRIRFHENREEREE, FURMNE L EAELIMNEKS
ESAMBR TR U RERHTHESE, UXIERHHEE.

FIAHSACIEA, ATEARRREMNEEFEERBRRNRFELITR, KESTHE
RFTRIRERIRE, BEHREHTEMRY, FEARERIARKI>FEL, BK
FIBENER. SHENFRRARABATEMBRHNFIRS, TENRAEFR
RAKBER, BASRAREMTKE, MENERZKEEY, EYSEFIBATNERE,
—HREKBFENBREEMRATT, ANBRRENEIRSFHRERMER, FaeEy
B AIEAERREYRERK, ALMEYEREAEENEYEAN. BT AK
RELRTEUENNTBLEERE, FOPBRREREE. TR, BHEKEA,
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ninli el P i i

FEAFAER. ZTULXERS, KBRS R TS .
ANEBERNFHEMAETREH, HTNARSHEAAMISLE, BEEL
DA HE, FTURKEEAES AN,
AEZEHAESR, EWMAREANERENETERNEFTEANHE. E5EAH,
SUKHE. REKE. RNEES. Eik, ETEERSTLRY, FTEFRATERE
N REEE. RN6AEERNLREFTEEBREREERRNAGEN.

3.3.1 EFEHHEM

ERAEAUFHIEET, KEZEBRER, EXEARESUBERN, BRZEE
EERARLRD, X EREERKRRENLEH, FRTHNENESR. LB
HEH, AN AKAENNENEEEEXEEMNERAY. EANESAERE, =Y
FRENE S ESS, NIIAREZEBR, KREELEFRUERT. AEES 584
REMTEXFARBKENRE 9, SUAERRNATERREARZPRENSRL
W, AMERRERMEESHIET, KEESFIERRETXHEAINER, BSE
B, RSNERT, KEZSFHUNETHE. FIHBAL. FMERESMEEN
SRR AT CAEAFHBRERNRE. ANSEES, BANBRENRERBRE, Six
R AT

ATHETEHEBIETERENNELNERERNNEW, RALESRET
BF, B 150mL EEGBEXEXRBTRESTS, BIEXRETE g RN &M Jiﬁzﬁ
B 100C, KRMURTE) 100min, $EHEEF 1250/min, EARNESEH FTHETERZILE

RN, RNEHRE, BREBEEMNIEE. ESEIXMNEREAEEYHEYHNE 3-3
X 3-1~8 BT,
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& 33 REENHERBTERFEAEW

. Table3-3 Effects of oxygen pressure on each index of spent liquor
R
] . #FE #£N NHN oN C o-N/ZN NH-N/4&N
WH C/o-N  pH
/MPa [% /%0 /% /% /% /%
_FE
=41 0 7.28 418 310 2157 42.58 57.42 696 8.0
P, 04 722 4.04 318  21.04 44.04 55.96 662 57
P, 08 724 3.95 329 1839 45.44 54.56 559 54
P, 1.2 7.24 3.91 333 16.66 45.99 54.01 500 5.1
P, 16 726 3.89 3.37 8.18 46.42 53.58 243 49

AR AS R YRE 100C, KARE: 100min, BERKRE: 124%, BHEEE 125¢/min

8 £N
® NH-N
O o-N

1.6
, A E/MPa

3.1 MEMEATNIRNYWM
Fig.3-1 Effects of oxygen pressure on the content of nitrogen
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R 4.2 R 34 ¢
Z z
o .
% 4.1 3.3
4 + 32 }
39 3.1
3.8 1 1 1 J 3 t { 1 I
0 04 08 12 16 0 0.4 0.8 1.2 1.6
2 HK/MPa £/ MPa
H3-2 REMEAD NH-N 2R8I ¥R 3.3 EEMBEAS o-N FRHER
Fig.3-2 Effects of oxygen pressure on the Fig.3-3 Effects of oxygen pressure on the
Content of ammonium nitrogen content of organic nitrogen
3 3
8 &
Z 2
E é

53 1 1 i ] 42

0 0.4 0.8 1.2 1.6 0 0.4 0.8 1.2 1.6
=/ MPa £ &/ MPa

B34 FEXMEADNH-NZNSENER B 3-5 MEMEAT o-N/2NSRHER
Fig.3-4 Effects of oxygen pressure on the content  Fig.3-5 Effects of oxygen pressure on the content

of ammonium nitrogen/total nitrogen of organic nitrogen/total nitrogen




= LT

Z 7.5
L
O
55}
3.5 ¢
1.5
0 04 08 12 16 0 04 08 12 16
¥ E/Mpa # H/Mpa
H3-6 FEMERAT CIRMER 3-7 REMEH#P Clo-N HLEIRIN
Fig.3-6 Effects of oxygen pressure on the Fig.3-7 Effects of oxygen pressure on the ratio
content of erganic carbon of organic carbon to organic nitrogen
8
on
o,
7 o
6 F
5
4 1 L 1 —
0 0.4 0.8 1.2 1.6
¥ HE/Mpa

3-8 |EXNEMN pH EHEN
Fig.3-8 Effects of oxygen pressure on pH value

&R 33 LUES, RHER~YPE N SEWRETEER, TERERZERH
TFRARNMRLET, REBERR, NFERNER ARG H—RHE, RIEUENS

RIERE, SREBDOEN NH-N ERFX, FUSHENEYFTE N SRLARY
R
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ERENEABHHAEANESTENN. &8 32~5 IRNESENES WEE
HEMNERDRTENXRTL, BEEESHENEN, RN NH,N SEZ2
WS, T o-NSEENMES. XREHESHENEYD TERFHOAREERLRR
FIRREWEEMNE, ERESFRENRE, NTIEARELESELNE. NI, 5%
EERNRRE L, mﬁﬁ@ﬁﬁﬁ-ﬂﬂimﬁmﬁﬁjmwﬂ% [HE845r NH-N ETBR
T o-N, ooN E8in, NH-NZER/D. BT o-N 542 N HHFFE, NH-N 52N
IEL BT R

ME3-6 AT RIL, RN CEEAETMR. RETHEBRERIELERRN
UEPERT —EABRAXLEERESTY, NFRANZE. RS,

FRESHEN OMpa #MBI 1.2Mpa, C 5 o-N ZEMIX BT ER, BELEEH
{EXF 1.2MPa B, Clo-N HERE TR, #HAHAIIRE, Y8 EET—EEN, X
AREINERRNIED, 85I 1mol B, KSERELSH S . HkEME 3-7
i, BEEAKEHENFE, Co-NHEZLBETRES,

& 3-8 RIZRFNE LIRS pH HAZ B R . =YK pH A RAT R 8.0 E X 4.9,
R R EEEBRABEER T BE. FEFRFEEAMRNSEPRREXERREH
WIRAERT RE. RENVIE, SEEREK, ERORESERD, BRUTIRE DX,
NI 5EBTOEMREEAL SR BRBES, R UESERAEENEEHEE—
Y, pH{E¥m. AREEHEMN, KEREMEEEENE, EHRNME, P96
o-N FEIEM, NH-N ZEHKD, FKHK pH EE TG, BINEDH CHBSETRK
THR. ZREFEIR, hESSUEBEpHETHRHRERZ—.

HEEH 1.2MPa M E 1.6MPa ff, o-N S EHINEER/», T H HEELF 1.6MPa
i, SEEREEP BT BRITEY, XuUHERBTHAERBESEIVERE
FHETFTRETHERN. Hit, BREMASUENBAEREER 1.2MPa.

3.3.2 RREBERNEME

MU SAEANNENERRNT S, AAREREMRYAE T RNAF TR
EEYREERY). SIHEBRARA, REREE BTRERINGERNELNRA
FIARTL, ARRNBEEENERRNTE-NMEERE,

ATHRTEEMNEARENEN, ECRBRNSEEHE 1.2Mpa KE&HT, RARRK
(6] 100min, 3%iE 125t/min BEE &M, X RMEFEHTRELRFAMEEAER,




1

-

=W LKR5ie

RA R ZN NHN
W BE
g /T /% /%
RH 0 728  4.18
T: 60 725 395
T, 80 724 393
Ts 100 724 3.9
Ts 120 724  3.85
) Ts 140 684  3.74

o-N
/%

3.10
3.30
331
3.34
3.39
3.10

C
/%

21.57
18.07
17.69
16.58
15.08
11.70

% 3-4 RAEREEN EARIRIERAEN
Table3-4 Effects of oxygen pressure on each index of spent liquor

NH,-N/ZN oN/£&N

HERWR 34 PR, AXWEEEAREWNE 3-9~16. RN 150mL 4052 F T4
PRI, ERMEZENHET.

. % C/o-N pH
57.46 42,54 696 8.0
54.48 45,52 548 64
54,28 45.72 534 55
53.87 46.13 496 5.0
53.18 46.82 445 4.6
54.68 45.32 377 40

&AL R R RAES 1.2Mpa, REBE]l: 100min, BEMKREE: 12.4%, HAEEE 1251/min

B £N
s NH.N

0 60 80 100 120

140
i A/ °C

39 REREMNERN SR M
Fig.3-9 Effects of reaction temperature on the content of nitrogen
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. g g 3.5 i
. 4
é &34
1 Z
33 f
3.2 |
3.1
3.7 ~be : — ' 3 e —
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
R AR E/C B RRHRHAE/C
3-10 R FREX EAR NH-N 2R ¥ S H3-11 RMERENERD o.N RIS
Fig.3-10 Effects of reaction temperature on the Fig.3-11 Effects of reaction temperature on
. content of ammonium nitrogen the content of organic nitrogen
> g 7
4
e & 4
: z
= S 45
44 -
43
52 L L 1 L L ol | 42 Il 1 1 1 L L ]
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
RMNIRE/C R E/C

312 RERENEAT NH-NENSBROYE BE3-13 REREHNERD o-N2 NS RHER
Fig.3-12 Effects of reaction temperature on the  Fig.3-13 Effects of reaction temperature on the
content of ammonium nitrogen/total nitrogen content of organic nitrogen/total nitrogen
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l. z 7
°
t Vet
5%t
4
10 ! i T 1 " 1 I J 3 A 4 A 1
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
ERNRE/C R E/C
B 3-14 REREMERE CIROEW 3-15 REREMER D Clo-N LLHIEK IR
¥ig.3-14 Effects of reaction temperature on the Fig.3-15 Effects of reaction temperature on the
’ content of organic carbon ratio of orgamic carbon to organic nitrogen

3 1 i
0 20 40 60 80 100 120 140
RPERRE/C

i 3-16 S pimfEx K pH EMRS
Fig.3-16 Effects of reaction temperature on pH value

MAENLERREANETE, ARRELER=DTHEEETEL LU —NH,.
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i

—CONH, URHRERAFEATFTE. MBAXENSIATIEREESHENIMESE
Zif, & —COONH;, —COONH, Bi#t—# /KR —CONH, &,

—COONH i KRNMEBRARN, BEMESEIMRNEESERTFESTSER
EPE=YIR] o-N &8, EMAE 3-11 TTLLEY, %M~ P8 o-N SEFFREMERNE
EHABRT—ESN, REEN 120CH &I KME. HEFET 120CH, oN &
EMEN TEHYURHL . ERHTHERRETEIE M EEERSEE R Y.
FhEAZNERR, BERER, MERENFERESFRIGRHEMR, BHEL
HERIRETE (Wt B A AR IREUE £ . IRE R EEXTF—COONH. (K KA,
AEELZHRRIAIRRELE M. FIUERRERER, MERNBENFSE, =0
f NH-N 2B TR, ooNSEMM, WA 3-10~11 Fix. L858 120C8, NH,
HETESEREYE N, BERENA®R, KEN NH:; 2B ISHES (EHEHE
FrE), [EBAHET NHBREXKIEE TR, BN TEAEBRNNEE, §9 o-N
SEMENSETRE.

C/o-N KE®MEYNFHERPREE T, HaxE, EYREEENM Co-N
PRI DT M. Clo-N KT 25 0, AWMMEZHE, MEMERH EBNERFERK,
Clo-N Hoh 20~22 B, RIAFEA BB £V MR IE R KRN, MYA FERKkEHLIE
FHRRRE: BRE Co-NHTRES 14 8, BYREZEF BN, B, CoNK
NF 14 DR ETIEE B RN R R R . B 3-14~15 & KRB EME L
=Y C Ft Clo-N LI W . RMEES, Clo-N HIELE TGS, ME/EHR 120C
B, C/lo-N LE2F3] 445, TATENERMER . KNERER Clo-N i Z el @it &
BTHREREARERET, SURNIBYARERERBRRNEE, FETESTFEN
R. BTRNEEER, BIEIRXTRT 4%, S C SBELPT S 10%,
C/o-N LT FHBRHIAERAF pH H T k.

SRNMBEEL 120CH, =P EHAT BAREY, REERERET, EH
FHEIDRESRERERN. BEBREH, BERNEBX. FUNTRE o-NAE,
NREESKENREE. HEHEXT 120CH, FRT o-NSEESN. Hit, BEREL
AERBRAER RS 120C.

3.3.3 REBEASHEE

R 3 EREAL R R M LR RIIT X 3-5 F . LRI 150mL EEH
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A e L

o i

TEREZA, BERNEZMEN: £E 1.2MPa, KNEE 120C, #F 125/min. %KM
&RIEE 120CH MG e, BERAMRNEEINENNEN. KN EXM &5
ErmuE 3-17~24 FiR.

FAEEAN, ARERBPHERRSBER, B TFRENESERFERT
FIFEEE, GREREER, EnErESREFRTFEARMBEF™, S
RERE, BFRFERPETENTIA.

MBEEEDH R NREXTRREAE=DO R, RIONOESEEESET,
FEE RN TR, BEPLSEDEN NH, B3R NH; BRI KHE, 3E8TEM
Ko BREEEMRNNET, C SELLSHD, ERERERRESRSE TR, B
PEXTYPE N iSO EREYsaT U EERY. 448 3-17, R1495E KN
MNEYENERNLTFREHALEM. -

% 3-5 BB ERPESERNER

Table3-§ Effects of reaction time on each index of spent liquor
“’m

R A A

_ 2N NHsN oN C NH,N/ZN oN/ZN

R i 18] C/o-N pH

1% 1% /% /% 1% /%

¥ /min _ _ _ _

B 0 728  4.18 3.10 21.57 57.46 42,54 6.96 8.0
t 40 720  4.00 3.20 20.55 55.57 44.43 642 4.9
ty 60 722 394 3.28 17.07 54.63 45.37 520 4.6
5 80 724  3.88 3.36 15.24 53.60 46.40 454 4.6
t, 100 724  3.84 3.40 15.01 53.04 46.96 441 46
ts 120 720 3.83 3.37 12.21 53.19 46.81 362 45

E: HibRNEHZEE 1.2 Mpa, KREEH 120°C, BEMIKRE 12.4%, HE 125r/min
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Sy ol

N/%

80

£N
# NH,.N

120
& P (8] /min

160

3-17 REREMERN FRHHYHE
Fig.3-17 Effects of reaction time on the content of nitrogen

£
b

NH,-N/%
P
|

3.9

3.8

[| 1 1 1 | |

0 20 40 60 80 100 120
RN BT [E]/min

3-18 REB AR EAP NH N 2B

Kig.3-18 Effects of reaction time on the

content of ammonium nitrogen

® 3.45

T
©3.35

3.25
3.15

3.05

0

20 40 60 80 100 120
B2 % 8% (8] /min

3-19 R EXERS o-N ZRME S
Fig.3-19 Effects of reaction time on the

content of organic nitrogen
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® 47
2,
X
T
o 45
44
43
52 i L - | i i 42 | L L | i |
0 20 40 60 8 100 120 ¢ 20 40 60 80 100 120
JR S [8]/min SV A (8] /min

3-20 BLBF{EI D NH-N/2 NS ROTE B 3-21 SRR @ B o-N/2 N S ROHE MR
Fig.3-20 Effects of reaction time on the content Fig.3-21 Effects of reaction time on the content
of ammonium nitrogen/total nitrogen of organic nitrogen/total nitrogen

12 bt :
0 20 40 60 80 100 120 0 20 40 60 80 100 120
K Pz [R)/min K BB} [6]/min
B 3-22 REHAEHEAT CERHEE B 3-23 RpzfE X AT Clo-N LR

Fig.3-22 Effects of reaction time on the content Fig.3-23 Eflects of reaction time on the ratio
of organic carbon of organic carbon to organic nitrogen
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D e R o el L Y

— - —
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0 20 40 60 80 100 120
I A2} (8] /min

3-24 R ARt E) 3 B pH BTN
Fig.3-24 Effects of reaction time on pH value

B 3-18~24 A& M, MES LR B M, NH-N S BE2D, o-N S EHn,
NP o-NEHHLEFAR: CEEMK; Co-NHH pH ES TR,

ME 3-18~19 ¥ 41, {RIB A} & A E] 80min Bf, NH+N ZB.0-NSE.4$ N$ NH,-N
M o-N Fr S M AR BEHE. MTRERRRNE, ERPHARECASS
THREATERLRR, FEEANRE, RESEIFKN EF, 80min ZEHFAFKES
P S THREMCMRYFEREEER, FEETRHHRE, REKEMMIIEERSE,
8 o-N FE2TZHAK,

MR 3-5 F1MH 3-24 AT, ZEREAIRERTTE (0~40min) A, Y6 pH B 2R
ETFEHES, B80ME 4.9; 0min 2 /5, =Y pH EBLEEFE, HAERK
HEREFEN BER N pH EREERER, KIRNVEES, T HREVETLILEEE.
FHREULEY, RNVHEEPHAREENERRZ, FENRESEBREL, i
ERNFEINEK, BRAEMRMNESRSE, BCEASETERSY, BREY pH 25
e,

SeEERLERS, RENREN 100min B, % oNESEBRENF oNF &
BlIsA BB KME, Frilehe RS N8E K N % 100min.

3.3.4 HFOMHXLE

EIU L EREN AR ST WG ESRER BRI ST, BEHE
BELBENBERN &M% FE 1.2MPa, RNEF 120C, KFAE 100min. 7F




B=% SRS

P& THATEBEABEERERE, BRNY L ERSEERETIW, 48
5T 3-6 H.

K36 REFHTUHHSHERMSEETLL
Table3-6 Comparison of the modified product and the primary spent liquor

under the better conditions

_ ©N NHN oN C NH,-N/2&N/% o-N/2&N
TEIR C/o-N pH
/% /% /% 1% /% /%

i— al— — .

IR 7.28 418 3.10 21.57 57.46 42.54 6.96 8.0

Ly 7.25 384 341 15.04 52.97 47.03 441 4.6
E: REZHREEK 1.2 Mpa, RNEE 120°C, RMAYE 100min, BEEHEE 12.4%, B 125:/min

B3R 3-6 TR, EREEFHT, ARSFTREFIEER o-N ZHiFERHEH,
5 T, M o H85E, HEBABEF. CoN AT 14, BiLF-Weees @S EYEMmk
BEANYERE, FEEBREENRE, THNATRE. BEFEZLESYENILE
FIERIK, ALERRRERT oNSENRER, FHAFTTFHIEN.

3.3.5 RIRMFZZRIE BERMEREE MM

ATHE—TREEEEBRETD oN B E, HAEEANMRERRENTE,
HRBRKBRIENRBERAIZW.,

LRY, R—EShRNIREFUEEERTEAD, BB —EEREA. H
TL 2REKNRE—RE 10CEL, HURMNEEE 10CHEFTERIKEE
Fl. BREEREGS, RERYSERE. ERBERMRERRE, ERtRESIT,
RORESET —PERBRENSITLREEEH R W,

HAMEERBAITAENETEINEREERT o NS E, FHAEEFTHIE
M, AREZRBRRRENEBERDERLRS, REAHMWT YRS EHTIL,
HAFKRE (AEDEE) HERP NSEER pH Ei0E 3-7 B,
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Table3-7 Property of spent liquor of the different solid contents
%

ERARE BEHSE LN NHN o-N
g /% 1% 1% /% PH
IR B 12.4 7.28 4.18 3.10 8.0
C 17.0 6.62 3.51 3.11 6.9
C; 22.1 6.04 3.45 2.59 6.5
C; 32,0 5.85 3.40 2.45 6.2
% REEREEN 70C
o 87 ® 5
z 4 \_—s__.
6t
5} 2
4 ' : - - 2 ' -
0 10 20 30 40 0 10 20 30 40
YRR % & TR 15 /%

325 BEARBHERENSRHEW
Fig.3-25 Effects of vaporization on the content

of total nitrogen
4 -
X
Z
L3} v‘\\.
2t
1 | |
0 10 20 30 40
[ TR B/ %

327 ARG EMN o-NZBNHEW
Fig.3-27 Effects of vaporization on the content
of organic nitrogen

B 3-26 ZRREHEANH-N SEHEE
Fig.3-26 Effects of vaporization on the content

of ammonium pitrogen
I T
(=T
g L
7 -
6 n
5 | | L ]
0 10 20 30 40
BRI/ %

fH 3-28 ZA R R pH ERIK WM
Fig.3-28 Effects of vaporization on pH value
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ARKREEEBN TRR pH ENRURE 3-7 RE 3-25~28. BBk EHH

m, =YF &R NESEEI TR

REVEBLHRD, pH EHILFRH AT,

3.3.6 WERHET, SkMALERRENEIG

B LR ERTH, BREBESTHREGIHNSY o-NSENEN, E
R EERFHAIMEKSHE, £

EHEP o-NFE.

H100mL RS & E# T RV ER

ERAE RN AT Y

7, WAR

RS EARES,

BT R, BRRBERREGE NRRTE, TFTEEME RSB
FMA, MIFRHAEGERT o-N SENERR.

ABRIREK, B

2%, pH EMK. BBREKENMT 22%0, BRKEE
P2 N 8. NHN SEHERD . IRBTEREKEYIE, &k
NH,", ZARITEY, N EEHE NHIERT
BEABRIRETL, BRVFESFLOEEIY RS
RHRREERERNERK, KEST 29205, BER

EHRKER
IR, RBNZTERD, F pHERK.
th o-N S EBEHHM.
IR NH, S B>, HNHK

TN TEN

BLBRATE

LR R, VLSRR ®

H'!: 1.2MP31

R NARE 120°C, ¥%i& 1251/min, KEHE] 100min B84 F 7o scns, Ml Sk
VPN SEM pHE, HERWE 3-8 Fin. EAKREXNYH N B pH EHTW

W& 3-20~32 iR

%38 REFRATEAHERARIEFNEE
Table3-8 Effects of the dose of ammonia water on each index under the better conditions

49

BEHiA R KK 2N NHN oN NH-N%ZN
_Fs  mL 1% 1% 1% 1%

R IEW 0 728 418  3.10 57.46
L 0 725 384 341 52.97
N; 2 993 677 3.16 68.14
N, 5 1207 751 456 62.19
N; 8 1529 1053 4.76 68.87
N, 11 1821 1333 4.8 73.20

o-N/Z&N

/% pH
42.54 8.0
47.03 4.6
31.86 4.3
37.81 6.9
31.13 8.3
26.80 9.6

U oo v UR ettt A
#: NERMAMRE 12MPs, REEE 120'C, KNG 100min, $%& 125¢min, L, ARE &S FHXEY



B=® LZRS5ihe

R R e et S

_ 15
® 20 §
7 -
16 | =
12 +
g L
4 d A $ I e ] 3 1 I ] i {
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| KA R/mL R/KH#E/mL

B 3-29 SUKABMERE N FENEW
Fig.3-29 Effects of the dosage of ammonia
water on the content of total nitrogen

3-30 KRR EA NH-N 2 RHER
Fig.3-30 Effects of the dosage of ammonia water
on the content of ammonium nitrogen

6 12
> ]
¢ 5t 10
4 | 8
6
3 al
2 | el 1 | I 2 4 « . . 4
2 4 6 8 10 12 4 6 8 10 12
FKH BE/mL /KA E/mL

3-31 SKFEMER o-N 2 RNEM
Fig.3-31 Effects of the dosage of ammonia water
the content of organic nitrogen

332 SKARXER pH EHKMN
Fig.3-32 Effects of the dosage of ammonia on
water on pH value
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HHE 3-29~31 WA, AREFEEEENETYNHE N EMESKHBNEINT
WK, EKBEH 2mL/100mL FHKIEZE 5ml/100mL BEH#E, Y NH-N SBJLF
REZEML, H oN SEREHM, BMEKEHERY ooN 54 N HILFIETE X
(37.81%), RAAKREKMFAEBREBRE. Z/FEKFEMN SnL/100mL BEE M E
NmL/100mL E#HAHT, o-N FERUETFE (2 1LE 3-31), #MNKE. BAE—F4
T, AKHERS, E5RRPFIDRERNPNZELR, SIANELKRE, |
SRMER—EEEE, BRPENDTEANETERN, SE8mEKEReEEEYy
FERAEFRMEN, HEREMRE.

FUKAHEXN K=Y pH AW E 3-32 Fis. T EERERE, pH 55 8.0.
SRUKAE R 2mL/100mL FHA, S WH pH ERE TR 4.3, EROELES Y
Mtt. RAEMIRTERPEIDEHRE, ZEREYR, SHpHETY. 8K
RERME 5SmL/100mL FHE, SE~=9H pH EER EAEE. BREAEM, 44
UERPEENRRESEL S, BREWERD, Bl pHELTE. BEEAKEENS
ZEm, BT TEAERBEN, FEESIAERE, EXkESKAENEREE, 8
=9 pH EBk A .

2 Lk srtr, HEKAED SmL/100mL WM, ELEMRERTF. HHBIH
ERENZEKHED 8SmL/100mL FEK.

3.3.7 HESKAERMTHBEAMTR

BEFFEEK BN LRSS R BT WEF, E—Eme s
RRBLIBNBRERNLASR: FE 1.2MPa, KNEE 1200C, KVEHE 100min,
SUKRIE Sml/100mL B, ZEMAG THATRREASEBEMELR, B3N
Y1 L, EIEERIE LR 3-9. R 3-9THIEL Nz AKEEE, HEERERIT.

) |
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K39 BEFGTRESDERERAR L, 1R L
Table3-9 Comparison of the modified product and the initial spent liquor and L,

under the optimal conditions
%

B KKHE 2N NH-N oN NH-NZN o-N/E N
Fs fmL % 1% 1% /% /%

Il —

pH

nbinkial el i

IR W 0 728  4.18 3.10 57.46 42.54 8.0
L; 0 7.25 3.84 3.41 52.97 47.03 4.6

L, 8 15.31 10.51 4.80 68.65 31.35 8.1
i HeERMEFHIEE 1.2MPa, RSB 120C, KA 100min, i 125¢/min

3.4 BlEE &R

WEEFIRBERNOR R —REREA TR ETUME N EEENEME, NAT
Rk, MERBRIRE. BHFEE LA NEEEEHSRABESYHNFE. T
TEBHRESRLVEFELGRERZ BNFE . SRR B R BN A E. ik,
R UERBIR BN EERRIE R, BURAMETFE, NETCENEH,

ERBERECNTRIEE TS, UlT. 2F. #F. BEZETENETTRE,
EXETRITGHELE OCULHERWEE THT. TRIABHER, —E5EEM
AR FEHRE. CEVEEREANTIZERETREAR, HRINER ML
£, BEREEEEZTERAB K REEZHE. FIROILZRER, ARNETRIESEE
RESARBR, THREEAH, E5EREAKR, BRKESH, S55HREAD.
W: WERERBERYRESD 11.66%, TREZEBREK 19.9%; TEEREVYIKE
17.40%, TREZEFEMRK 19.7%. AMEBRERRIBPTHSEESERE, X—K
ERHMXEFERITES.

mrHTREAATULHTRF S, mRNTEEEERE OCUU T, &
EF-RmESGHRETHT, AP —BERERSRKBD, EIEH, HTH—5
R RNBRRKFISE, AimSAZE 0CULMERE, B—BAET40C. BT
ERETREKS, XABEXBNESERK, FURMNRBAETRENE, %8
54T B2 HBAER S H R E &R .

AARE&IER: B 200mL AREHTESEREER, TEERNE&G T
TREARE, RESHBAMKHEARE LG-1.0 HESALFENASTALT®R. ¥
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AT MG T HA TR, LSARBER40CHFHMES, HETEE
3| 80uHg BY, XMHEA=RHETMH. WEIAFHEBRRET, B—SHEFRE>20E
B AHRE 0C, FRAKIERTREHTEZHMNE, KRB
o EABRENREERE 35C, RRELEE. HIFES%L%T. 5 F4%KE, BT
BREFEBHESEATRAE, REREHTMEHD, UHEFREEIFHKLS. B
FI B A7 3 & SRR 03 3-10 BToR,

R310 BEFHTRETRSEGFRKEIEHR T
Table3-10 Comparison of each index of the liquid product and the solid product

K3 N NH,-N o-N NH,-N/2N oN/2N

(7 pH
_ % % /% 1% I 1% .

A= 5 88.14 15.31 10.51 4.80 68.65 31.35 8.1

7= 5 14.76 13.33 8.75 4.58 65.64 34.36 7.8

M

B 3-10 /T4, 2 N, NH-N fl o-N £ KT 1.98 MES A L.I6 P E A 0.22
TETR, FHAESEREER 12.93% 16.75%F! 4.58%. NH,-N BB EL, o-N
FEZUFIKR. HKEERBGTRREERNEKELELERTAIN, XbSEM

NH-NB%, NH-N XIR53EK N ERTREE. FiUl NN SBTEEE, R
i $32 N 5B/ pH &P

BREZEE=ROEEP, REEF—EHRE, HL N P NH-N HHFI#E
50%U £, o-N stk 34.36%. RATERBEARHE Clo-N LB FHEZ 0.82, &
HREEFPBEREARMEYREK, SL2FA4ERRENEE.

ZRZAGTRAEINESZEEIE BIBEHKR. HHIEESEAREHRERKS

(HFEK) SB<20%; BIFESEE (UFTEH) 24.0%; BEE pH HY 5.5~80.

GER 3-10 PRBETUFH, RIBENEE~=RHESERER. 5 EHR, a5k
EHWEEBIRK, KEEATL T AEEERAIE,
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4.1 BEHBREMH, £FFRBEREANLIREH T RERERORETE. &N
R NH-N FERK, BERENSIHEERAFRER o-N&E.

4.2 AREHUWEEH R ERBAESENSHENBELAGHRESES 1.2MPa, K
MR 120°C, RKMNFE 100min. $LEHTHINBEAEZBRERNL N S8 7.25%,
NH-N 28 3.84%, o-N 5 & 3.41%, pHE 4.6, C/o-N L% 4.41. B o-N A E 1,
BEIHL AR,

4.3 ERERNEFHTCEA, BXAKEH. RERMAE. EKRNHRENER
FEBEAZTFELE, BRESEYY oNSE. BRREINRNEERELSE, &
[EDKTF 1.6MPa, RIMEERT 120CH, ERFRARESREFESRMN, K
HERERTRRANRYER.

4.4 FHEAIES, AR BEAFBEIHIERA pH BEREERR, ZEEEN
B pH HEL RS,

4.6 AR UREHKERENLEN, RERBEREEO T ERERENE
ERNEEDRE. BARRREIES, EHPH NHL-N REREZ, FHF NTE
FIFIE .

4.7 EA2IRAEHT, EAKBUMBEEREY SmL/100mL . YA NSE
15.31%, NH4-N & 10.51%, o-N & & 4.80%, pH 1 8.1, FALEBRHMRELF.

48 BB ENAREHEREREKTAGTRAINEAZEAEEZIBEH
Re HKDEE 14.76%, 2N EE 13.33%, NHe-N 2B 8.75%, o-NE & 4.58%, £
N NHy-N b 65.64%, o-N L%y 34.36%, C/o-N LLEEE 0.82, pH {HY 7.8, #F
BERRIENFERNTIILE B REIFEK.
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