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Abstract

Anthraquinone dyes are the important class for reactive, disperse, acid and vat dyes.
The dyes with anthraquinone chromophore give brilliant shades and light fastness, and
are widely used m textile dyeing. The new synthetic technology of some important
anthraguinone intermediates derived from 1-amino- anthraquinone,
l-amino-4-hydroxy-anthraquinone, 1-amino-4-bromo- anthraquinone-2-sulfonic acid
(bromamioacid), 1,5- and 1,8 dinitro- anthraquinone, have been studied.

The current synthesis of 1-amino-4-hydroxy-anthraquinone is carried out by
bromination of l-amino- anthraquinone, then hydrolyzing the brominated product.
Usually more than 1.5 mole of bromine was consumed. A new process to introduce the
hydroxyl group directly on 4-position of 1-amino- anthraquinone is suggested based on
the adjustment on the reaction rates of halogenation, hydrolysis and oxidation, so called
coordinated hydroxylation. The chemistry of coordinated hydroxylation was studied.
1-Amino- anthraquinone derivatives dissolved in 100% sulfuric acid and a small
amount of bromine or iodine, potassium bromide or iodide as an initiator, and boric acid
as the adjustor, reaction was carried out at high temperature, the hydroxyl group was
thus introduced to the para- position of the amino group on the anthraquinone molecule.
1-Amino-4-hydroxy- anthraquinone was prepared by 1l-amino- anthraquinone, boric
acid in the presence of a little potassium iodide giving 88% yield.
1-Amino-2-bromo-4-hydroxy- anthraquinone could be obtained by coordinated
hydroxylation of 1-amino-2- bromo- anthraquinone, boric acid and the initiator
potassium 1odide or bromide with 97.5%yield and 99% purity. Combined bromination
and coordinated hydroxylation, 1-amino-4-hydroxy- anthraquinone can be synthesized
straightly, 94% yield and 96% purity is achieved, the bromine consumption only
1.05-1.08, 1t is less than 20% compared with conventional technique.

1-Amino-anthraquinone disulfonic acid had been converted to Bromamino-acid by
bromination in concentrated sulfuric acid during the preparation of Bromamino-acid
was observed. Mechanism study shows that it is via the hydrolysis of the sulfonic group
located on the 4-position, then bromination followed. Based on this result, a new
technology is suggested, that is by regulating the effective sulphonating contents of
1-amino-anthraquinone, adjusting the concentration of sulfuric acid to hydrolyze
l-amino-anthraquinone  disulfonic acid conversing to 1 -amno-anthragquinone
-2-sulfonic acid, and briminating the hydrolyzed product in 100% sulfuric acid, 87%
yteld of Bromamino-acid was achieved, 10% higher than the conventional method
prepared by “oleum method”.

A new integrated system of anthraquinone di-nitration process and separation of
isomers of dinitroanthraquinone, based on a large molecular ratio of mixed acids (nitric
acid and sulfonic acid) to anthraquinone, is established to produce high quality of 1,3-
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dinitro- and 1,8-dinitroanthraquinone. This system consists of the adiabatic nitration,
cryogenic crystallization of 1,8-dinitroanthraquinone, circulation of mother liquor based
on computer simulation and the treatment of the spent acid is presented.

The adiabatic nitration based on large molecular ratio of mixed acid is designed
from the heat balance calculation and to meet the demand of technology, which would
provide reliable safety measures and production and high efficiency of energy in the
nitration system.

Based on the research of the solubility of 1,5- and 1,8-dinitro-anthraquinone in the
mixed acid, the process of separating 1,5-dinitroanthraquinone is carried out during
nitration, and a new separating process of 1,8-dinitroanthraquinone is developed by
cryogenic crystallization at low temperature to assure the promising quality of
1,8-dinitroanthraquinone. Since the main components of mixed acid in the mother
liquor being kept unchanged during separation, it could be used as the mixed acid for
the next batch of nitration directly without any treatment.

Based on the computer simulation, the mother liquor circulation system is designed
to keep the stability of the process parameters, reduce the nitric acid and sulfuric acid
consumption. After 15 batches of circulation of such mother liquor, the system is found
to be balanceable, a steady production with a yield of 40% of 1,5-dinitroanthraquinone
and 33% of 1,8-dinitroanthraquinone are obtained, and the purity of both 1,5-dinitro-
and 1,8-dinitro-anthraquinone are more than 93%. The overall utilization of 1,5-dinitro-
and 1,8-dinitroanthraquinone are greater than 95%.

Pilot and mass production have been carried out based on above technolo gy, the
result of which is consistent with that of the research results

Key words: Coordinated hydroxylation; 1-amino-2-bromo-4-hydroxyanthraquinone;
l-amino-anthraquinone-2,4-disulfonic  acid;  Bromamino-acid;  Nitration of
anthraquinone; Dinitro-anthraquinone; Adiabatic nitration; Cryogenic crystallization :
Circulation of spent acid
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Teble 2.1 Some Acid and Reactive Dyes derived from Bromamino Acid
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Table 2.2 Dynamics Data of Anthraquinone Nitration by Nitric Acid

Temperature  HNO;/AQ

Hzo NgOg *Relative

() Wt Ratio  Weight %  Weight%  reactingratio ks e
0 12 0 ( 1 13. 8 24.6
12 3 0 0.676 13.8 24.6
12 0 0.5 0.311 13.8 24. 6
4 0 0 0. 084 13.8 24.6
50 12 0 0 61. 53 8. 05 15.2
12 3 0 4, 16 8. 05 15. 2
12 0 0.5 19. 22 8. 05 15. 2
4 0 Q 5. 18 8. 05 15. 2

*Calculated results from literature
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Table 2.3 Comparison of the Dinitration Methods of Anthragquinone

Medium of a _ [somer Invest of
o _ Safety  Waste Acid _ _ Advantage
Nitration Ratio Separation Equipments
- _ Safe, waste acid can
Suifonic Acid Low High Low Unable Small
be treated easily
_ Low, when
Nitric Acid High Low Enable Large Can Separate isomer
liquor recycled
Small _ _
‘ High  Highest Low Unable Small Pracess is simple
Mixed Ratio
Acid Large _ _ Low, when Can separate isomer
High High Enable Large
Ratio liquor recycled and to be safe
Organic Solvent High Low Lowest Unable Middle Lowest waste acid
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Table 2.4 Composition of Dinitroanthraquinone after Treatment with Sodium Sulfite

15 Isomer 18 Isomer 16/17 Isomer
Before treatment 38-42% 33-37% 16-17%
After treatment 44-46% 46-50% 4%

C 7 AL i3

MH ZIHEERNEFHEUGEFTIBFIFRARREZY, RSEBHIK,
AT ERE B LAWK RNE X - FREER . 2B L2, —8 16 1k
AT HREERERT 184k, 18 RMBMBENT 156 4. BB BRHAKNT
ZREGHAESE 1 556 18 a1y (N 2.2.2.2) &R, Fla: ARN
T 15 E41.7T 4. 184K 37,84, 16/17T 4K 17.5 4. 1-FEREEEER 26/27 1% 3
i AR HIR S Y, AR BRRR - TRAE 180°CAIR 2h, 170°C4HH 30min,
IT0°CRIRITIE, WI184 1514 51.8%. 18 14 45. 1%H SR E A= S, 86. 1 4.
D Atz 4%

X T REC LR B B AL AR BE LU ISR A A4, TTLLELT B BT . &%
= RAE 15 8. 18 {&F0 16/17 M BT . B A Lk RS A
TERGERKRER, a5 ERE. ETREWM TS, LIERIERLTE.
15 4AF0 18 ey BN, WAERM “ZR” EMERS L HiH k%R,
LA ETAFERE 16/17 R 530t T % 2. 5.
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#2.5 B 16/17 TIERIHAL
Table 2.5 Method Comparison in Separating of 16/17-isomer

Method of Sulfite salt
Acid washing Solvent Separating in nitration process
separation treatment
Cost Lower Low High Low
Process Simpler Simple Complicated Combined with nitration
Difficult with
Equipment Simple Large mount Difficult with acid filter
acid filter
Waste A little ~ Much Little little

2.2.2.2 1, 5-ZFHEFERMN I, -“HEERENG S

15 P51 18 XA R AR @ 2R _IHARENZ L, B34
MNEBAAM BRI REE, WEASHEAWRINE. 48K FiE 441
FILE:

A EAEAE T 5F

KA KB LLTHER A UG R R BEC LR BR A JRTHALET, 1L )G B ignr 18
15 @4, il 18 A FES:

WEE: Tl 15 A4 a3, MBERREEE 80-90%, a14% 18 AT,
EPE. 16/17 REF P, XFEd T RS 16/17 24, AT B3
.

AR 15 A0 HEREE, RHMIEER, THH 18 44, i
WG 16/17 BB R HEE Y, (Bl T Eid Rt i,

B FEERAT R sk

HT 15 KRB P REME N, 1 18 AR RTINS SR
B, XN THERs R ADELHERA RN, EUEERTE, BHEAM
TERS VLR BT e, TR EItLEam 1, 5- B2, Fltn.

TE 255 7 98%AHERTN 2150 47 98%RIBRERAA AR+, T 80°C3h AINA
208 fr EER, T 20°Cadyg, 53 212 4 “FHAERER, HP& 15 14 39. 9%, 18 4%
35. 2%, HAhFHIE 25%. Kb uEsi A 1325 4 95%FIFHEE T 50°C#T 3 3h, ik
53] 84. 4 rZ &N 92. 5% 1, 5-HEREE.

C A HEM %

EHEE T ZIRERRE B FIBFNPREBERERAN, RERHISEN
wAl, SR MTRASARENEREENITTE. —BE 15 RSB /M
T 184k, B4ABEHENMTREMLFEEA, XHAENEMNEL.

i
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TikkZ, BRS8N 94%1 1, 5- IR B ARle,

NO; O NG NO; 0 OCH,

+ CH;OH + KQH ~——=- + KNQ; + H,0

Q O

HENWBHABRERHE .. FEEBEBREOBRBENE, B35EY 05%
)1, 5- TR,

NDE { NUZ NHR O NO

O
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Hﬂﬂ:{t%fﬁﬁ 1, 8—_Tﬁﬁﬁﬁﬁaﬁ{t%,

il -

NH,

O

FTEY, AREBER 1, 8- HER

L AN BEHERSTE TR 2.6, 1, 5- —HHEEEERA 1, 8- AL AR 194y

B ERIEHE, -

I BT, T

EEE BRI T Z0RE . R A KL R ER

It TREEHER A FUHAC T2, 3 BT SR R AT #2 A Eht T

ALK RS TIE MR, WE B RE AR 1, 8- —HERE, EkH /)
sERHE.
2.6 1,5(L8)- fHEER T B TTEN L

Method of

separation

Table 2.6 Method Comparison of Separating 1,5(1,8)-Isomer

m
Separating in nitration process

Acid washing

By diluting

By distilling nitric acid

Organic solvent

Chemical

freatment

Separating degree

Low content of 18

ISOmer

High contents of both

15 and 18 isomer

High contents of both

15 and 18 isomer

Low content of 18

1SOmer

Can not get 18

1somer

Treatment of

mother liguor

Distill nitric acid

Difficult to re-use the

moiher liquor

Major part of mother
hguor can be used

directly

Distill the organic

splvent

Advantage

Less equipments and

sitnple process

Simple process

Mother liguor can be

recycled

The solvent will not

rust the equipments

Disadvantage

Pure nitnc acid will

rust stainless steel

Can not re-use the

mother liquor

Difficult to centrol the

amount of distilled

nitric acid

High cost and fow

quahty of 18 isomer

mﬁ

2.2.3 Bk AL E

VU —Fh L 2B R BT, HERBREERIRZ —.

AT RECELRRRAAIL, HTHREBMERABRK, % 15 A48 18 4#
RUBHE, HBER 50-80%aI =/ T+ —HtiEie, ARFEF 8008 i 2818 B oo
B2, RTHIKHRE. RiE. SESHFES 16 468 17 FHREI7Y, THEE
BHRCH RO, FTIRGEAEREY, Epy B RTA R #0E 56 BT SR TR R
a/NMARR HLIRER A TRTHAL, THALS 0K, WHABER T B, =
RIZRBE, NERE BFRREE; KENERHL, SRIBEL, M
T ERAP M B UR R AR A R E B AT
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2.2.4 BLEIER &

1,5- AL EERA 1, 8- THEBEA A B A EREA T LML
AL TR B MR AL SRR R R, THER A SRR RIE R
t, MAEEERA, ERIERRTH, FRFNMHE @A ERENLE
A (ERIT¥EM); FIFRERERR TESMHHEIETDERERR D, Bk
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Fig. 2.1 MA Filter
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Fig. 2.3 Nitration and Isomer-separation System of Mitsubishi Co.
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LEEHI T3 2. 7,

#£2.7 1FEE-2-R--REEMORTEE
Table 2.7 The Comparison of Synthetic Technique of

- . 1-Amino-2-bromo-4-hydroxyanthragquinone

One-pot Method

Two-pot Method

Als1) B{54] c155) pIs3]
Quantity of bromine used* 1.15 4.8 2.4~28 1.5~1.8 2.1
Sulfonic acid concentration of 98% S0~85% 98% 75~85%
bromination
Quatity of boric acid used 2.04 1.80 2.10 1.94 2.4]
Sulfonic acid concentration of 101.1% 98% 96% 102% 90%
hydrolysis
Temperature of bromination ++  25~50~70~80C 60°C 110°C 80°C HOTC
Temperature of hydrolysis** 120°C 80~100~130C 130T 120 130C
Yield 88% 93% 94% 90.4% 21%
Purity HN% 97.7% 95~97% 92% 92%

* The mol. ratio to l-aminoanthraquinane, %% Multi temperatures mean step-heatling.

HRFTHBETUHEHMEY, —BEXREFEZRHREHHHERT
Wiis, BRIAZHT FXRA—-WELE, MRREVHERN, PIBEER
—WIETNE, ZEBRERNPREST THEIFAH. BRURND LR
2, WHRLEERABRURNAMAEREE, SRk, AfREBas K
R I AR R AR AL A 21 A ).

NaOCl + 2HBr—— NaCl+ Br, + H,0

NaOCl + 2HCl —— NaCl+ CL + H,0

2ZHBr + ChL — 2 HCl + Bn

E—wEF, BRENFRUERTELHEENSH, IERHTEKEDR
MR, FIA T WRBBRREALER, FEaNBELEXSLERE.
2 HBr + H;SOy — B, + SO, + 2 H,0O
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Table 3.1 Dintration of Anthraquinone by Mixed Acid with Various HNOs/H,SQ,4-Ratio
HNO,: H,80, 100:0 90:10 80:20 70:30 60:40 50:50 40:60 30:7Q 20:80
a/p 3.56 3.56 3.55 3.53 35 33 3.05 2.53 2.02
1,5/1,8 1.1 1.09 1.09 1.09 1.08 1.08 1.07 1.07 1.07
Content of 1-nitroAQ| 7.0% [.5% 1.4% 1.5% 2.1% 3.2% 4.2% 0.8% 13.5%
m
4 16,1
| o —O—a/8
1 12 0 %
tam <& ~—3~1.5/1.8
/B <
B 0% E
nox —A— 1-NitroAQ
Ol «x O (%)
b=
.m 2
=
4.0 {3

160;0  Bp: 10 RO:20  70:;3% 60:40 50:50 40:B0

Weight Ratio of HNO3:H2504

w:Tn M:HD

3. 1 ANEREREE TRER _HmE R

Fig. 3.1 Data of Dintration of Anthraquinone with Various HNOy/H,S$Q,-Ratio
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FE&MT, F 15 /88 18 RIEME L ZXBIHEK, WA 15 550 18 ik F B X
RIS

WRELSHERPHNEKERR, A, AT UWHEERELL Y 70: 30 MR
BEP &/ 0BRKES, 15 /H 18 IR E ML (& KEN S%E, BEBH
A A TEER 66.5%, TiBR 28.5%., ,7K 5%). SR W% 3.2 1K 3.2-3.4.

B DA AR AL, 15 ARERERERER S, T 18 ENEnm
K, BUEE# G, 18 /15 FEMBELL M A, 2T I b I8 &%, Lk
£ 40°CHER 15 16/18 AR B1 S A

RERPHE/KERGI, 15 4570 18 AIBEAHEE —E A%, (HFEE IR
R, BERTEIEKEX 18 14/15 BB EHERRE Z,

3.2  REBRTEKEX 15 &R 18 BRI R
Table 3.2 The Water Content of Mixed Acid Effect on the Solubility

of 1,5-Isomer and 1,8-Isomer in It*

Temperanre  Water 3% 4.5% 6%

() Content | 15-Isomer 18-Isomer | 15-Isomer 18-Isomer | 15-Isomer 18-Isomer

-20 0.38 0.72 0.36 0.70 0.34 0.68
~10 0.385 0.74 0.365 0.72 0.35 0.70
0 0.39 0.83 0.37 0.80 036 0.76
10 Solubility | 040 .15 0385 102 0368 095
0 @00 | o042 1.56 0403 145 0382 138
30 0.44 1.95 0.42 1.86 0.40 1.78
40 0.46 275 0433 256 0.41 2.38
50 0.48 3.12 0.45 28] 0.42 2.58

m

*y value is 70.

e v L2 Contenl 3

e
Bo 0.45 [
2 L} Water Content 4.5%
B
~ .4 F _ﬁ_ﬁntar Content &%
2 o0~
.
E 0.35 1
77
0.3
=201 -1 g o 207 T 0 A0
Temperature
P 3.2 15 {RES /% 1 th &k

Fig. 3.2 Solubility Curves of 1,5-Isomer of Dinitroanthraquinone
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Fig. 3.3 Solubility Curves of 1,8-isomer of Di-nitro-anthraquinone
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Table 3.4 Curves of Solubility Ratio of 1,5-and 1,8-isomer

HESBEBRER 40CH, ARIELERR 18 A2y, RMtEEUGFERNE
B EF —ER 18 4, ATLURESMARLNBESBEE FTHBREHHEH
BRERSERAOERILZEDH 27. ATHRFE 18 el HERRERNERL Y
1:30, 3&B y{E20 70 i, MIOTEHEERLL x HRNA 67. 93,

3.1.3 iBBgiR/K{A

BERIBAH R AKERE XRIHR NN Z G, AP RER S KMEL(E,
ETHURMNME . EMANERBGERSD, BAKERMTRERHEKE.
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%33 ARERRBKEX 1-2Z 2 SRRH1L RN
Table 3.3 The Effect of D.V.S, Value on the Nitration of 1-Amino-anthraquinone

Water Content in Mixed Acid (%) 2 4 6 8
DV.S. Value 12. 23 6. 54 4. 40 3.28
Content of Nitroanthraquinone (%) Q.12 0. 15 (.18 Q.45

—RAER T, ERIBAERBKERT 6, ML EEERY: BFRERLN
FTAKENEINE 8%, WAK(EN 3.28 0, RNBEXRGRIIELR S, B LEBFTHIHN
KERE LE 2-8%GHA, Al iHARNTE®. XaNHETRA T KEEELE
B, U EHRERBEAEHE, RIS KEWBEIELR 8%. FFLAEA TR
R, B/KEMTEAREEZENRE.
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AEE RN ERNAERFE, MARMUEFAR, EWAKNE, SRABRE
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3.3 FESBRHFEE

3.3.1 15 ZM9 B &G

B EEE 154k, LAY 18 A2, 16/17 BB BERK, WY AEE, &
B EVHFEREREEERSRREFEHRG, F40CHE, 15 HoEmME M
Bi. B 153K BREFRREBREREN, STHERRAS S ER
RKREBE. BERERKE, 154, BAEREECRUAREA R, SHPTERE R
SRERM, BdRHMENEERTLUHIN, 1SHEERERNGET 184, BX
A, T 18 BEBHIS &, WEHEMRE R, BE EARESHHE RgaB,
Ak, BIMERERR/EEILIRAR, THE 40CiLiE, 15 445 15 &8 w/ T
90%, XEEAFELER_IHERRPIREY 15 AMERPRET 184, #1814
P EERBERNE P .

HAEZ#UEIRE THAD “BiRRF” &M A%, st E i
EERBESYRS R T 50-90CEBNBRTRE, H TRESYY 1,8 hEFTRE,
FEMEEREERISEBAT 95%LL LM 1,5-“HERR. WERAH “mE:%”
1, 15 AOHIEERR 85%. BEZMAFZRBHEHEAA, HELESXEK
RN, XEERNIHE, HREBEREE, SEERERX, £r-8EwR+2mm,
AL, “SRERE” ARERAZEHEE, HEARILE.

HMMHUFRBEAR N ERHRERR, €15 A4 RREBERE, BB I8
HIRD, “BERESE” SEAEATIELE 34, BETAERERLE 3.5

1)

R 3.4 GRS AR
Table 3.4 Companson of Adiabatic Nitration with Mitsubishi Method |
W
“Suspend” Method of Mitsubishy Adiabatic Natration

1.Adding Anthraquinone | Slowly with cooling in order to keep the Within 20 minutes.

temperature within a certain range.

2 Heafting Slowly to”Suspending Temperature” by Only need a slight heating that can reach the
steam.. desired temperature.

3.Energy Consumption High Low

4 Process Complicated and long Simple and short.

m

H AT I, AR AR R 224, 1788, ek, Trt4E, a9 et
18 A BT, 15 A RBRRLT .
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Fig. 3.5 The Temperature Curve during Adiabatic Nitration Process
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17, BFW TR A:
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i,

bHTRYNEG, 1I8HRERK, 5BAT 9%6%.

c. L2 a1,

d.BIEE—10C, 18 RERBEPENT 0.7%MERE, BRE—H 18 (xFF
WwmE, WRERE 21%, BREAFGEEAERB TN, NEHE, LUE
LXK BIAHAL 18 (AEBREIE B EEIE UM BSWE (BB SE),

3.4 BIERPSRLG

MR /LT O ERTRERLL. THBRLL. SRk, 9 E& ST ESE,
BT SERISIE ER A — B RE&S, FREHBENSREGE, IEIRARMN
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a. B4t
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SEMMFHRZE 75°C,
S BT R AT BErFE 4

a. 4188 15 A4

REAL R IVET 2h BRI 40°C, T 40°CRE 2h, F G3 Wbt ilE, §
R & 18 Aoy, SEUTRAKILER

b, 4355 18 44y

STEH 15 A R,

—

O g, sEPGERKBEF M, HHT,
YERTE 16/17 H4r,
ES 16/17 #H 4>

A IS AaM 1B HASRE

b, o, KeTafk, T
3.4.2. RIGEERIHE
BT LR S5 R BLE 3. 5:

i, 5

FET

7 15 CHEIRIE 3h, ZE{REBHAM], H 10min B8],

1318 . BT (B 3) .

Lk, B 1000ml 7K, ibE
, 3 16/17 4. WD (BEMH D .

K315 HARTEREGEE
Table 3.5 Experimental Data of Unit Nitration

;E

H B ER

RE48
FHEEERGE (YRR TNMD). BUEEDHT (& 1) .

2

4 16 dlor. WD (FEd2) .

RUKE RGN ZE—10TC, FE—10CIRFF 2h, FG3#P

I_I._'

BRI

P ia) 4k 2 504

tem A\rgrage Batch N-ﬂ.
Value I 30601 30602 30603 30604 30605
Temperature afier Nitration('C ) 62. 0 3.0 62.5 61.0 62.0 61.5
Weight of 15 Fraction(g) 9. 647 9.55  10.10 g. 30 9. 45 9. 80
Weight of 15 Fraction in Acid Cake(g) 18.92] 18.90  20.00  19.00  18.50  18.20
15 lsomer 94. 91 95. 04 04. 56 95. 23 95. 12 94. 62
Contentof 15
Fraction (%) _l_ﬂ_lsﬂff: | 4.02 4. 00 4,21 3.82 3.92 4.15
1 lf“mﬂ"'“ _ | 0. 96 0.92 1.18 0. 85 0.89 0. 96
Weight of 15 Mother Liguor{g) W, i 518'_ 617 623 515 6520 bid
Weight of 18 Fraction(g) G, 6. 30 §. 30 6. 05 6. 50 6. 40 6.25
Weight of 18 Fraction in Acid Cake(g) FGM i 15. 40 15. 50 15.20 15. 00 16. 00 15. 30
15 Isomer |y 4. 48 4.71 3.25 5.03 4. 85 4. 56
Content of |8 - 1
Fraction (%) [ 5 s0mer |)2 93.96] 93.86 94,45 93.75  93.72  94.03
16/17[somer Y3 { 1,12 1.33 0. 90 1. 02 1. 21 1. 15
Weight of 18 Mother Liguor(g) W, 593L 598 605 592 600 595
Weight of 16/17 Fraction(s) Gs 12.51] 12.60 12,30  12.60  12.65  12.40
| B |
Content of 15 isomer Z) J 17. 95 17,95 16. 89 18.92 18, 50 17. 48
{';f)” Fraction |18 lsomer %2 35.79 35. 69 36. 02 35, 30 35, 80 36.12
16/171somer Z3 45, 54 45, 32 46. 82 44. 84 45. 33 45. 38
R 3.5 LR RREA:
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3. RESAMNREME —EZMh, BEETAMELERHLHIEA L EEE

1): 15 R4 RGEE K 38.82-39.68%., 18 MRAIAREE K 35.47-36.57%,
A RER N 19.44-19.91%. FHAMEHL 0.5%K) 1-5F 3 B ER 4]
FRMIHER AL, 4R CO,v HO. TNM %,

4. HHWEREREHLRIHEREITTER 68.2°CRY 6°C, TitHEr
SRR S, BEETRAFEMBIREE, H5
TR KIS EE RALER T A=

5 HHIEHERH 15 905

b 248 PHAL TT AT
R B 18 45 43 Bk

SR

S ER AR B R EAN SRR, ML ZRHER TIHFEH.

3.5 BB ELLE

% 18 2| TR AL S M o

16/17 &1
LRk, L8 E

R 5
A R

PR A TR ERNE,

R AR R ALK, HEMR B IR, KB4 EE

RFFT, TKENZENEEZWARENSE. BR, HTEOERELYE, o
DUFE HH 5 4 3R B K B SO0 BRALAT 2 B R na s, (B2 T 0 28 1% SR i s,
A BERETRI R B F R R IE R .

BAELRBEMCEGREN, SAMELREBE 5%MK 31.2g), K
R ERsSeie mk#eT. £RNE 3.6:

R3.6 WEELREIE
Table 3.6 Data of Extend-Conditioned Experiment

Essential Extend-Conditioned
[tem Expetriment Experiment
15 Fractic 94. 91 95. 02
Purity(%) raction Zy
i8 Fraction Zy 493. 96 94, 12
15 Fraction Xy 32.35 33. 35
' 21,14 24, 38
Yield (%) I8 Fraction Xis 4.3
16/17 Fraction |X; 41, 98 37.92
T otal 95, 47 95, 65
15 Fraction Y (4 39. 19 39. 25
Formation 18 Fraction Yis 36. 19 36. 08
Ratio(%) 16/17 Fraction |Y 19, 66 19. 76
{Total 95. 04 a5. 09
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KRER, WinAKMNEANRNERZWEIB D,

3.6 "IN IREE

3.6.1 FHEIE (HPLC) 9MAE

g #EM, D4 6mmX 150mm

Wit Eck: Z8RH: ZBRLES = 80: 15: 5

WooiE: 1. 2ml/min

femist:  254nm

HIENF: BB, -HERR. 2-HERER. 1, 6-_HEE. 1, 7--HE
. 1, -“iHERE. 1, 8- IHEAR

3.6.2 ExhgtLHEiE
1, 5— —FHERERF 1, 8— MR EEEL 'H-NMR £ &5 5 W& 3.6 fE 3. 7;

18 EXpST

i X5
~0.Hl
[ K- )

e ———
e —

B 3.6 1, 5-tHEEE H-NMR EH
Fig. 3.6 'H-NMR Spectrum of 1,5-Dinitroanthraquinone
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Fig. 3.7 'H-NMR Spectrum of 1,8-Dinitroanthraquinone
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Fig. 3.8 MBS Spectrum of 1,5-Dinitroanthraquinone
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it @AECHIRERENAEEER

AW ERB R B MR VI RPEEEMA R RNARRSMIMA K, ERE
i 5E BARAL [ MY«

B AT A G M ERE G, — R RNAERR, DR A B IR
B, B Efd BB T s 2R, #mEiaimlin e,
1 8 X

's) O
O‘O + 2HNO; — = w{mﬁz + 2H,0

O O

AT VEITE, LA lmol BEE(208g) 4 .

RERLEA: 208g X 30=6240g

H A 70%K% 98%MITHRR, A /) 30%K 98%MIBRRE, FTLLIBRE 48 L -
HEER: 6240g X 70% X 98% = 4280.64g

BiME: 6240g X 30% X 98% = 1834.56g

K:  6240g X 2%=124.8g

b4 R AT G TR AR AL R A R LB 2 1.

WA 1 B8 I MmBar)

Table 1 Material Balance of Adiabatic Nitration
m

Before Reaction Reacting After Reaction
Weight(z)  Content (%) Change  Weight (g) Content (%)
Nitric Acid 4280. 64 68. 6 -126 4154, 64 67. 56
Sulfonic Acid 1834, 56 29. 4 1834, 56 29, 83
Water 124, 80 2 36 160. 80 2. 61
Tolal 6240 100 -90 6150 100

2 AFEHY
A B
BERAEKTRLHEBENR, T THL2B A8 00,
AH.® = —A/(B - X)[I/g]
X=Wg/(Ws+Wy)
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KRR T N2 i3
A=0.2611 (100—Wy)*/ (38.68—0.2158Wo)
B = (Wo+ 98.64) / (38.68—0.2158 W)
H: We. Wy Wo b AIARETRHRER. BRR. KANBETEE.
WRiE LT REE SRR REBIAR, TUEHRNTES ¢ BEAKTHITH
WAL JERH$(aH-"), % 2.

WA 2 REBHHERTER
Table 2 Diluting Heats of Mixed Acid

Ws(%)  Wh(%)  Wo(%) A B X AH. (g
Before Reaction 68, 60 29. 40 2. 000 65, 56 2. 631 8. 700 -33. 856
After Reaction 67. 56 29 83 2. 615 64. 97 2. 657 0. 694 ~-33. 10

ML RHERIE FEAaR A5
AH-" = —0.2611(100— Wo)’ / (Wo + 98.64) [J/g]
Wo RFEEEET AT KT 28, IHE SRR T IRBR I,
AH." = —0.2611 X 10000/98.64 = —26.47 {1/g]

RRAER , | Kk | —— |REmREs] | e

6240¢g 36g AY 6150g 126¢g
A H, A H, A H, A H,

\ 4 \4 v v
KRS |, | Kk | > | ®mmn |, |EmEe
A H,

AEFEITRER A
AH+ AH,+ AH,= AH, + AH, + AH,
T
AHy;=0
AHp=0
B RN ERRERA
AH=AH;— AH; — AH=6240 X (—33.95)—6150 X (—33.10)— 126 X (—26.47)
=—4941{J]
AH=—494]1k]
B. R AL

RBRAHILE R, FTEUH 2 5 RN A& B =0 bR A ket 58, bRvEAE i
B—M &AL SN &N B RAEFHERE T AR 1mol HLE ATy,
M aHOETR,

O 0O
@?O + 210, —— dﬁ@m 20
0O O
A Hy [kJ/mol]: —6.694 —2X9.828 —9.063 —2X16.33
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Bl AR R R
AH =(—9.063)+2 X (—16.33)—(—6.694)—2 X (—9.828)

=—15.24 [kJ/mol]
F A W F R LA Imol BERAEHE, BTLUR A B RN
AHg = —15.24K]

C. BRELEAHHH
AR AR RS R B AREE S R ML
AH= AH + AH; =(—4.941)+(—15.24)= —20.18 [kJ]
BER MR A R et

AR —EDTA 1CHFAAE, B AOLUHRHRE. WRAKMZ kT,
v B A W& 3.

WA 3 ALKR GBI A
Table 3 Specific Heats of Nitrating System

Sulfonic Acid Nitric Acid W ater

DinitroAQ Total
Weight (g) 1835 4155 160.8 298 6448
Specific Heat (J/g.C) 0.1028 0.1124 0.2391 0.0622
Specific Heatx Weight (J/C ) ISE.E 466.8 i8.4 18.5 T12.4

B ERNTE, HUERBEBREBES 1T, FERE 0712 k), BEiibt et
) 20.18kJ v, WE— A MIMES, BN EF
20.18 kJ /0.712 kJ/C =283°C
LR ARG IR BN R BB R B & R 2K . BRI R G, SR
i 40C, ERBILEYERETRAINNERBENALT:
40C +28.3C =68.3C
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FNE BiRIERF

BERE LRI FRE

[

FH KRG LU VR BR BEAT R — LY, TRER R 1B 4 RN 7 AR B ok 43 &S
HEREAME, AERK, SLMEEAREER. k%ﬁiﬂ%ﬁﬂﬁElea
150 18 IS BEARIRIT 45, BEERRERAE SR N, BCRER O B AT LA
AEEAEENTHBELRN, B, MEEHMRRREEM, 16/17 AL RN
AFAWIRE, MARNPEHAAKESSHRERPHEKER . NLLAE
X, RNTEROEMMBYIUEEFR (TNM) AR E, XAGELHER,
EHTER, ﬁ%&ﬁ%ﬁ&ﬁ&?%mﬁw RERAE—EHROIR, BRA
REIEE Py, BB ERFIZHZ LA 8EH. SHEHEMNAREN. 4V
%M§)@@%#aﬂ%ﬁﬁ“ﬁ%%$ﬁﬁM@¢ﬁ%ﬁi4%ﬁ i, A
RN TG TNT S HREAET KB THE), (BEER Wi
W R L ORI .

-r-

l_"..

4.1 BRBERILERERHEEFER

BHMEA A AEURM T ZRERUAERNE TEREAEM, WS #t7
5, CRES APEE, B KE 4 e T #EHAe R IR B8, T T R34y e Ei
16/17 Hoy, BHATHERLE. RESELR 4.1,

VT 2o HR AR T ERRMAE, RPN LFEAREHRTH
AWM EEYHEES. ATHEFESREEL, U e B S — T
TEHE, MESMERYSARFBBEARAA - #TERIE. — 4T ERE
THRA, AIER, ZSRRBAELAHER, BT RR. 8BS TEEANT.

HE P HNSRHAEE LT
AQ: BAEHE HN: [HERE HS: BHRRE HO: 7Kg
NAS: 15 ki NAS: 18 fAH NAG: 16/17 {48
™: PR RER TY: #AEPELLH/ TL: YZ#
N: TEEFREL RL: BFHETEIRE

BTE R EASE, BREEANRAFRES, FHEFRYERRKEAARE, MR EitET
AL AR

TR T RAB:
A AQ(L, ]) = 208

%"--*?tt:
EMRE MS=30 * 208 ——RRERREL Y 30: 1
FHEE HN(1,1) = MS * 0.7 % 0.98 SR8 &1 98%
HiBSE HS(1, 1) = MS * 0.3 % 0.98 —HEs B 98%
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Fig. 4.1 Calculating Point of Process

JKE HO(L 1) = MS * (.02
EHHEIK:
F-BEFESFR J ARBEHARX.
FHEGE HN(1, I)=HN1*Q. 98+HN(7, J-1)
HN1—&3 HE 3 45 1Y) 98%H5 AR
HN(T, J-1)—Ef E 8 SR E
RiRE HS(1, J)=HS1%0. 98+H5(7, J-1)
HS 14t Fr 4 b i) 98% 55 K2
HN(7, T-1)—& A LM EHE P TR 2
KE HO(L, D=HO(7, J-1)+(HS1+HN1} /0. 98%0. 02
HO(7, - —E A bt P K E
TR BiLE
EERE AQ(2, =0 —RERE LY RN
15 A& NAS(2, 1) = 298 *0.3919 + NAS(7, J-1)
NAS(7, J-1)—&M bR 15 thit
208— "I AE NS T/’
0.3919—1, 5 ARIFHHLER L 39. 19%
18 &8 NAB(2,J) = 298 * 0.3619 + NAS(7, J-1)



RIEM T KFE-EFAIE X

NAB(7, J-1)—ER L BHEPH 18 A=
0.3519—1, 5 AL E KA 36. 19%
16/17 {&HE: NAG(2,I) = 298 * 0, 1966 + NAG(7, J-1)
NAB(7, J-1)—ER E A& 16/17 &
0. 1966—1, 5 &R N 19, 66%
THES B HN(2, J)=HN(1, J)-63%2-50
63—FHEE M T &
50— B LT P IR 2= TNM 3 K ERG 50 47 (ff D)
REE A&
K HO(Z, T)=HO(1, J)+18%2
18— T8
THRQ) 48 15 #é—aRbt:
15 K& NAS(3, J)=NAB (2, J)-0. 0041*TY(2, I)
0. 0041—15 tk 40°'C I FEIRBE P ROMTARIE 0 0. 41%
Y2, —RENEHEBLE
TY (2, I)=HN(2, D +HS (2, ) +HO (2, )
18 &8 NAB(3, J)=NA5(3, 1) 0. 03
0.03——-BE 15 e Eh 18 ARl b 3%
BT 15 A4 Pb A R, IRELBAE, 16 4105 HET 7 48% A it &, ZegiEdtde ity
W1 RN, XERAPBEN ST B A R .
WKAER S R R ERI R
R1=0. 48 (NA5 (3, J) +NAB(3, 1)) /(0. 52¥TL{2, )}
f£IF G 18 & : NAB(3, J)=NAB(3, J)+NAB (2, I)*R1
16/17 #: NA6(3, I)=NAG(2, J)*Rt
FEREE: HN(3, )=HN(2, J)*R1
WikRE: HS(3, J)=HS(2, D)*R1
KE: HO(3, D=HO(2, J)*R1
THFR(4) 815 HE—;
R R HN{(4, D=NH{2, 1) -NH(3, J)-25
26— AT IR FR P AN ER I & 25
HERAFETRNERRTFHERLBHPHE.
TR (B) 488 18 Her--32bH
15 (R NAS(5, J)=NA5 {4, J)-0. 0038*TY (4, J)
NAS (4, J)—15 BT & 15 AN E
0. 0038—15 - 10°CRI F IR F I W R AE 0. 38%
TY{4, JI=HN(4, 7} +HS {4, I +HO{4, ]
18 {1 : NAB(5, J)=NAB(4, T)-0. 0072%TY(4, I
0. 007218 A-10C 7R P AR 0. 72%
BT 18 AT HH G, MEBEREIE, 18 BH&SBX, SEB LT 64%, & riAibity, 2ask
TR P 15 4580 18 KA., XMW M ERR A0 A BT 5T SR Y B ik 4 A )
RSB ERIEY.
R2=0. 36% (NAS (5, J) +NA8 (5, 1)) /(0. 64%TY (4, J})
16/17 B : NAB(5, J)=NAB(4, JI*R2
THERE : HN(5, J)=HN(4, J)*R2
iR E: HS(5, I)=HS(4, J)*R2
Ke:  HO(B, J)=HQ(4, J)*R2
TRA(6) 8 18 Eir—1M:
FEBEE: HN(S, 1)=NH(4, ])-NH(5, J}-25
25—E e 41 IR FE P AR R 2K 25
HERNMETREEARDHRE S EHPNE.
THRA. (8) Hyas
BERTRIRE RL, REBMANAREOEREREE, HE T W hitit.
it 18 AR S BIFRLIRL, MEEZASMAE ™M, 1),

STF L bRB DA ERAE, AT REBRIELER B S i E ki € B i EH
E, AVREHANIHEREMRRE. ik, BRAUSSHERKE AR, BT
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WS B SE AR, FIMKERENGERESLSE —#HMHER.
EERILIRK, BsRRERA RN,

HEM BT SHABRPIHBRIORRGEME, TUFEmITEHE —HE
PG FH AL B B AN TS BR (HN D FIBR BR(HS ). 0 T TAkAL B A E, S #LlE

BHALAN DRI ARG ANAR AR S5 28 — MR

4.2 QBASIC iEE=IEF g1t

B THEEFHEEALL, B R A& 8 E WK BASIC in "a‘:‘ﬁﬁﬁﬁ H5 5
HE. WA FE MS-DOS6.0 F4t T @ H M QBASIC iE

. NHEREFTE, ARIMSEFEARRE,

a2 RL.

Hie PRI RN MALTT RIRER A REIABI4xd S

—:%fJEIT?k%I N, ]

, BARFEF Mt

L R R

PR, B SR A RS

bRt R A ATREE BN, HRADER. BB IRE /N B —E h1E,

AT LA AR RBP4 . REERER, B 20 K5, Bi

T T

5 | X BRI 2 RLAB A 50%. 60%. 70%. 80%. 90%#:4T QBASIC 4, &

ZRILTEA4L 1,

% 4.1 RFRLETEER BT8P

Table 4.1 The Calculated Results of Dinitration of Anthraquinone by Various RL Value
M

Mother Ligquor Recycling Ratio __RL(%) ___ 50 _ 50_“ 70 80 30
Water Content of Mixed Acid (%) 2. 56 2.82 3.24 3.99 5.72
Yield of 15 Fraction (%) 36. 98 37.96 39. 04 40, 31 12. 31
Purity of 15§ Fraction (%) 93. 67 93.15 92. 53 91. 45 89.03
Yicld of 18 Fraction (%) 28.55 30. 01 31.72 33. 54 35. 98
Purity of 18 Fraction (%) 95. 20 31. 93 94. 12 93. 38 90. 85
New-added Nitric Acid HS0 963 781 599 4117 235

New-added Sulfonic Acid HNO

F 4.1 BB,

2359 1951

751

15565

1153

L. BEE SRR, S B>, BRI RES, 15 A4
18 4 WL W

M IS HSWELEHRS, &
’ET2HE.

D2

. FEALHTAN N B BR B AT R B

HITHAE R

3. PHERNREARENIG M, BAMEER:

AE

R 18 R RE K,

AN TBEREE TR, 76 RL AT 80%E LN B B .

43.:

FRTE IR R B I B, THRR AR

RAERRT 16717 1A In, 15 4450 18



KI8T AL
4, BHEMEAZERM, AHEVNAFELUHERER, BELTNM KEHRZE, A
LEWBAEERE, SAPNEHERAREATIA.
GarrmiE. ZRRE. 5. 2S5 HTaRNERSE, BBEREEHR
80%21EH 7 -

4.3 itEHTE L RF{IHE

4.3.1 1A% 20 xEIBLA S FEHERILA L
R TR 2 RL {H N 80%, fEH 20 REMEAH > FFRHEEKRNF 4.2 #
*x 4.3,

# 4.2 15 #40 F 18 404 R4 R Rl 2
Table 4.2 The Content & Yield of 1,5-Fraction and 1,8-Fraction

15 Fraction 18 Fraction
Recycling
TN | uneny S U v | e Dl N
| 94.62 4,52 0.87 32, 85 95.14 3. 56 1.30 21.29
2 93. 53 4. 96 1.51 39. 41 95.81 2.40 1.79 J2.68
3 3. 05 4.94 2.0t 39. 64 95. 25 2. 37 2.38 3Z2. 90
4 92.68 4.93 2. 40 39. 80 94, 82 2.35 2. 84 33. 04
5 2. 39 4.92 2.69 39. 62 94. 48 2. 34 3.18 33. 16
6 92.17 4,91 2.92 40. 02 94,23 2.33 3. 45 33. 25
7 92. 01 4. 90 3.09 40. 10 94.03 2.32 3.66 33. 32
8 91. 88 4, 90 3. 23 40. 15 93. 83 2.31 3. 81 33. 37
9 91,78 4. 90 3. 33 40.20 | 93.76 2.31 3. 93 33. 41
10 01.70 4, 89 3. 41 40. 23 93.67 2. 30 4. 03 33. 44
11 91, 64 4, 89 3.47 40. 26 93. 60 2. 30 4. 10 33. 46
12 91.60 4,89 3.51 44,28 93.55 2.30 4. 15 33. 48
13 91.56 4. 89 3.565 40. 29 93. 51 2.30 4,19 33. 50
14 91. 54 4. 89 3. 58 40. 30 93. 48 2. 29 4,23 33.51
15 91.562 4. 89 3.60 40. 31 43. 46 2,29 4,25 33.52
16 91. 50 4.89 3.61 40. 32 93. 44 2.29 4,27 33.52
17 91. 49 4. 89 3.63 40. 33 33.43 2.29 4. 28 33. 53
18 91. 48 4,89 3. 64 40. 33 93. 41 2,29 4. 30 33. 483
19 9]. 47 4. 89 3. 64 40. 33 93. 41 2.29 4. 30 33.53
20 91. 47 4. 89 3.65 40, 34 93. 40 2. 29 4. 31 33. b4

M 4. 27LLE Y :

1. 156 Ao s —f{tlE F 32. 55%, WS T HEE, R TREER 40% 3
HA S8 — LA BRI R T — 8B4 15 1k, TECUS LR IOR4L, b REBHBH A B 5 20t
B B 45 T HETEACRY 15 BB S, 15 AN E it E R A B8R 47,

2. HH 18 AERRPRIBMELL 15 kX, 18 A8 —HMKWERFR, RE
21. 29%, HAENBERWE S 15 HoM0, MNE _#ECBEY.

3. 15 B 18 A5rHIghfE (S8 NE—HUE, 2185 %, B8 10 #tA A,

S BIRIRISEL 91. 4-91. 7%H1 93. 4-93. 7%, HEE R 16/17 (AZEE R PR Eﬁﬂ,ﬁ
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VU BERIRE R B R A ) B i

Ve A )
SRR R R

& 4.3 16/17 20 57 UL AL 3R B BRI 4 R
Table 4.3 The Contents of 16/17-Fraction and Mother Liquor

T 16/17T BISINSE 15 B AEERA T . T6F
15 A F1 18 45/ R B thaTEaite.

W 16/17 4

Recycling 16/17 Fraction Mother Liquor
TmesN [ rvoon e A e | Nt swmesd S Swed
1 46. 36 18.53 35.11 8.24 65. 64 29.71 2.60 2. 05
2 60.38 13. 69 25. 94 11. 49 64. 83 29. 34 3.08 2.76
3 67. 09 11. 37 Z21.54 13.74 64. 20 29. 06 3. 44 3. 30
4 70.91 10. 05 19. 04 15. 47 63. 72 28. 84 3. 72 3. 72
5 73.30 9.22 17. 48 16.79 63. 35 28. 68 3. 93 4. 04
b 74. 90 8. 67 16.43 17. 81 63.07 28. 54 4. 10 4. 29
[ 76, 00 g.29 15.71 18, 59 62. 85 28. 45 4. 22 4, 48
8 76. 79 8. 02 15. 19 19. 18 62. 68 28. 38 4.32 4.62
9 77.36 7.82 14. 82 19. 64 62,56 28, 32 4. 39 4.73
10 77.79 7.67 14. 54 19, 99 62. 46 28. 27 4. 45 4. 82
11 78.10 7.57 14. 34 20. 26 62.138 28, 24 4, 50 4. 88
12 78.33 7.49 14. 18 20.47 | 62,32 28. 21 4.53 4. 93
13 78.561 7.42 14, 07 20,63 62. 28 28.19 4, 55 4. 97
14 78. 64 7.38 13. 98 20.75 62. 25 28. 18 4. 57 5. 00
15 78. 75 7.34 13.91 20. 85 62. 22 28. 17 4. 59 5.03
16 78.82 7.32 13.86 20.92 62.20 28. 16 4. 60 h. 04
17 78. 88 7.30 13, 82 20.97 62. 18 28. 15 4,61 5. 06
18 78.93 7.28 13.79 21,01 62. 17 28. 15 4. 62 5. 47
19 78.96 1.27 13. 77 21.05 62.16 28. 14 4. 62 5, 07
20 78.99 7.26 13.75 21.07 | 62.16 28. 14 4.63  5.08
MR 4.3 FEMCH) 16/17 FRF08H R AR LR -

1. KN4 16/17 {6744k & A
28 %E . 16/17 {&d

P

AR R,

EH 15 12&%[1 18 4%, {8

HERM 18 “HEFERARNMEELA 1. 5%M 2,
2. BRBRIEH REIZRAGTD 16/17 MASAL RN IR, STEE BB ES TSR REm

i, HH

THL R M RIERRE

4.3.2

T RERAEFR

RERTRTELIFSMEIasERK
Z RLH% 80%, fA¥FKE N K 50, £ BASIC F2/%, LA 208 4

REEAVEREAE, & TF AR AR,

B 16/17 RZEA M HE N .

FK4.4:

9%

FE ol 2.200),

H R A B ER, BE 10 #EA
LRER D, YAk 15 IR
A B RS,

BB S /KB BENKL, B
HinE| 4. 63%, XHASKBERASEM B NHITES.
3. ERPIHRE SHRERHIAEN LR R AR T (BB E

1 H|



JOEM T A% #00e
4.4 KT EATEA K
Table 4.4 The Material Content of Process Points

Process Point No. 15 Isomer 18 Isomer l;ng:r::r Nitric Acid Slﬂiﬁzic Water Total
Before Nitration 1 17.69 33. 53 193.56 4112, 24 1758.71 254.08 6369.81
After Nitration 2 134. 48 141, 37 202.15  3936. 24 1758.71 290.08 6513.403
15 Fraction Cake 3 109. 94 5. 87 4. 4] 68. 81 30. 74 5.07 224. 84
15 Fraction Liquor 4 24. 54 135,50 247,74 3842 43 1727.97 285.01 6263.18
18 Fraction Cake 5 2.29 93. 34 4. 33 67,17 30. 21 4.98 202. 32
18 Fraction Liquor 6 22. 25 42. 16 243. 41  3750. 26 1697. 76 280.03 6035. 87
Liquor Recycled 7 17. 69 33. 53 193.56 2982 24 1350.08 222.68 4799.78
Liquor Treated 8 4. 56 8. 63 19. 85 768. 02 34769 57.35 1236.09

HR 4.4 NBESSEIE 4.1, BEREFSRIHENYEEER, BLE
4.2, HAPERAKML:

1. BRAPHENYEIEERAEMAIEPHHBRELN> Y, 9% CO,.
H,O & TNM %.

2. EHUWEBEFPERTSH TNM, FEITEIESRHEHEBIIELR, XL
1 2 IR LR U IF AL v

3. € 15 16F0 18 4R KIE. 16/17 {h4b3E (BRI Kkl S RIBS
CbE %, M _EEERARE.

4.4 BATEIRT FHERHLAXE R BEE TS

CAERR R R SCRe BOHE, Wb B A, B QBASIC B & @47 & HLEE
T, HERMbTRKIE.

4.4.1 LWH*

KR TE 1000ml B RNV SFP AT, EEREEEN 0.1mol (20.8g). B —HEM L%
MEZFEFUTEERNKERFT, NEZMAHRIEEH, HIREEE S
R ERASEE, B LR R AMER T E S, WAL B R IER Y
5 E—#AEE.

M R B

a. TH{L

H 41.7g 98%HITRER A 115.3g 98%HITHEZ A in L 480g L 3bin{b BRMREC H TR
B, HEBEER 40°C, EHRHETT 15min A 20.8¢ B, BEERLEHAT 61~
63°C, BENMIAET 75°C, 7E 75 CHLERIE 3h. FERBIIR, B 10min K],

"-h.'ll

L)

SR T & KRBRIEREN T
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& 1F:1570.03

W EE:208
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Fig. 4.2 Materials Balance

-—>| Bc A \4 x
i, F-B ¢
15 {%: t7.69 TRET
18 33.53 ERLY 17.69
16/17 #k: 193.56 18 #A: 33.53
BNRE: 411224 E 16/17 A: 191.56
iR 1758.71 R 50 SR 2982.24
7K: 254.08 S eM 1478 i 1350.08 A5
Gt 6369.81 Ak 648 K 222.68 5
T | frif: 4799.78 i}
NED A
- - TRA6:
TR 2 ¥R 4: 1S 6 22.25
15 H: 134.48 15 % 24.54 I8 #4216
V718 14137 18 4:  135.50 16/17 1k 243.41
1617 $: 252,15 16/17 : 247.74 W 3750.26
pRke:  3936.24 gﬁ: 384243 WikQ:  1697.76
iR 1758.7) *& lzggg"’ K 280.03
A 280,08 - : o . et .
it 651303 23 626319 e R TR 25 it 6035.87
/ T B
ﬁ‘l 3 )
THA 3: H ITRFMS i THAHS:
i3 154K 109.94 15 4k: 2.29 H 15 4A: 4.56 Ab
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Table 4.5 Comparison between Experimental and Calculated Results of 1,5-Fraction

M

WEiﬁ'lt , Weight . Average Average Average Calkculated Caleutaied
Batch No. (g)  Furity (%) Batch No. (2) Purity 8 wog  pwiwin viedty v Purily (%)

202011 9.6 95,32  50201-2 9.7 94. 83 9. 65 95.08 32, 38 32. 55 94, 62
60202-1 11. 7 93.63  50202-2 11.7 93. 25 11.7 93. 44 39. 26 39. 41 93. 53
502031 11. 8 92.56  50203-2 1.8 93.03 11. 85 92. 80 39.77 39, 64 93. 05
80204-1 11. 8 92.67  50204-2 11.8 91.78 11. 8 82.23 39. 60 39. 80 92. 68
50205-1 11.9 91.89  50205-2 11.8 92.85 11. 85 92. 37 39. 77 39. 92 92. 39
50206-1 12 92.35  50206-2 1.9 92. 25 11. 95 92.30 40. 10 4). 62 92.17
502071 12.1 92.52  50207-2 12 91. 67 12. 05 92. 10 40. 44 40. 10 92.01
30208-1 11.8 91.56  50208-2 12. 1 92. 48 11. 95 92,02 40. 10 40. 15 91. 88
n0209-1 11.9 91,82  50209-2 11. 9 91. 27 11,9 91. 55 39,93 40. 20 91.78

50210-1 12 91. 38 50210-2 11.8 92. 01 11.9 91. 70 39. 93 40, 23 91. 70
50211-1 11.9 01. 52 a0211-2 12. 3 91.89 12.1 91. 71 40. 60 40. 26 91. 64
90212-1 11. 8 90. 83 50212-2 12.2 91. 58 12 91. 21 40. 27 40, 28 91. 60
20213-1 12 91. 66 50213-2 12 30. 78 12 1. 22 40. 27 40, 29 91. 56
50214-1 12.1 92. 56 50214-2 11,9 90. 34 12 81.45 40, 27 40. 30 91. 54

50215-1 11.7 91.45  50215-2 11.8 91. 01 11. 75 81. 23 39. 43 40. 31 91. 52
50216-1 1.9 90.92  50216-2 11.7 81.35 11. 8 91.14 39. 60 40, 32 91. K0
50217-1 12.1 91.58  50217-2 11.6 90. 66 11.85 91.12 39. 77 40. 33 91. 49
202181 12 91.84  50218-2 1.8 9l. 43 11.95 9l. 64 40. 10 40. 33 91. 48
30219-1 12.1 91. 21 50219-2 12,2 90. 97 12. 15 91.09 40. 77 40. 33 81. 47
_90220-1 1.8 90.34  50220-2 12 01. 88 11.9 91,11 39. 93 40. 34 91. 47

T S T —

96
5 94 —O—Experimental
€
g - == =Calculated
So2

a0

1 i 1 4 i b 7 B U] 11 Il 12 13 14 14 14 17 I8 14 ]
Batch No.
4315 dnSERE R

Fig.4.3 Comparison between Experimental and Calculated Purities of 1,5-Fraction
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Table 4.6 Comparison between Experiment & Calculated Results of 1,8-Fraction

Batch Weight  Purity Batch Weight  Purity Average Average Average  Calculaled  Culculated
No., (g) (%) No. (g) (%) Weight(g)  Purity (%) Y iedd (%) Yield (%) Purity {0}

90201-1 6. 4 96.21 50201-2 6.3 96. 01 6. 35 96.11 21.31 21.29 95. 14
50202-1 9.7 96. 67 50202-2 9.8 97. 08 9.75 96. 88 32. 72 32. 68 95. 81
20203-1 8.8 95,32 50203-2 9.8 96. 05 9. 85 95, 69 33. 05 32.90 95. 25
50204-1 9.9 96. 01 50204-2 9. 8 95. 12 9. 85 95. 07 33. 05 33. 04 94. 82
502056-1 5.8 94.85 50205-2 10 95. 01 9.90 94, 93 33. 22 33.16 94. 48
50206-1 10 93.94 50206-2 9.9 94. 25 9.95 94, 10 33. 39 33.25 B4, 23
50207-1 9.9 94.63 50207-2 0.1 93. 81 10. 00 94,22 33. 56 33. 32 94. 03
50208-1 9.9 93.85 50208-2 9.8 94. 33 9. 85 894,09 33. 05 33. 37 93. 88
20209-1 10 92.56 50209-2 8.7 93. 56 9. 85 93.06 J3. 06 33. 41 93. 76
80210-1 9.8 94,67 50210-2 10 94, 82 9. 90 94. 75 33, 22 33. 44 93. 67
0211-1 9.7 93. 67 50211-2 9. 9 93. 89 9. 80 93. 78 32. 89 33.46 93. 60
50212-1 9.9 93.96 50212-2 9. 8 92. 55 9. 85 23. 26 33. 05 33.48 93. 55
532131 10 94.08 50213-2 9. 8 92. 96 8. 90 93. 52 33. 22 33. 50 33. 51
20214-1 10 83.056 50214-2 10 93. 77 10. 00 93, 41 33. 56 33. 51 93. 48
80215-1 10.2 92.61 50215-2 9, 7 94.02 9. 95 83. 32 33. 38 33.52 93. 46
50216-1 10 93.88 50216-2 10,2 94, 45 10.10 84,17 33.89 33.52 93. 44
50217-1 9.9 893.23 b50217-2 9.9 93. 23 9. 90 93. 23 33.22 33. 53 93. 13
20218-1 9.9 93.65 bH0218-2 9. 8 92. 36 3, 85 93. 01 33. 05 33. 83 93. 41
50219-1 10 84. 08 502]9-2 10 93. 33 13. 00 93. 71 33. b6 33.53 93. 41
50220-1 10.1 84.23 50220-2 9, 9 93. 28 10. 00 93.76 33. 56 33. 54 93. 40
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Fig.4.6 Comparison between Experimental and Calculated Yields of 1,5-Fraction
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Table 4.7 Resluts Comparison Between Experient & Calculation of 1,6/1,7-Fraction

Barch No. /(BT purity 00 Bah No. V(BN puriy 00 (IR LU S G SRS
R201-1 2. 4 45, 21 H0201-2 2.5 46. 18 2. 45 45, 85 8. 22 8. 21 16, 38
50202-1 3.6 61,23 §0202-2 3.5 61.05 3. 55 61.14  11.91  11.49  60.38
50203-1 4.1 69.32  50203-2 4.2 68.32  4.15 68.82 13,93 1374 A7.09
50204-1 4.5 71.54  50204-2 4.6 70.18 4. 565 70.86  15.27 1547 T0.9)
50205-1 5.0 73.24  50205-2 5,1 72,59 5.0% 72.92  16.95 16,79 7330
50206-1 5.4 74.05  50206-2 5.3 74.29  5.35 74.14  17.95  17.81  74.90
50207-1 5.5 76.11 50207-2 5.5 77. 54 5. 50 76.83  1B.46  18.59  76.00
5020R8-1 3. B 77. BB S0208-2 5. 7 75, 45 . Th 76, 66 149,310 19, I8 ih. 7%
50209-1 5.8 78.16 50209-2 5.8 77. 85 5. 80 78. 01 19,46 19,64 77.44
50210-1 6.0 78.35 50210-2 5,8 78. 87 5. 90 78, 61 19.80  19.99  77.79
5021~ 5.9 79.23  50211-2 6.0 76,85  5.95  7R.04  19.97 20,26 78 10
50212-1 6.2 78.84  30212-2 6] 78.15  6.15 78,30 20.64  20.47 T8 33
50213-1 6.1 77.76  50213-2 6.2 79.58  6.15 78,67 20,64  20.63  7H.5]
50214-1 6.2 78.98 50214-2 6.2 78.56  6.20  78.77  20.81  20.75 7R 64
502153-1 6.3 77.79  50215-2 6.2 79. 67 6. 25 78.73  20.97 20,85  78.75
50216-1 6.1 78 68  50216-2 6.3 77. 32 6. 20 78.00  20.81 20,92 7882
502171 6.2 78.35 50217-2 6,2 77.98 6.20  78.17  20.81  20.97 78 &8
50218-1 6.2 77.35 50218-2 6.3 78. 95 6. 25 78.15 20,97 21.001 T8 93
50219-1 6.3 78.87  50219-2 6.4 77.85  6.35  TH.B6 2031 21.05 74,96
50220~1 6.3 78.43 502202 6.3 7901 6.30 78,72 21.14 21,07 78.99
80 e TTe W e R o P g X1V 4
70 +

—Qme—Experimental
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3
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2 3 4« &5 ¥ OO7T B8 % 10 otr ¥ iR 14 15 18 1T ¥OF9 uh
Batch No.

1=
=
-
|

4.7 16/17 A9 SELLEE

Fig.4.7 Comparison between Experimental and Calculated Purities of 1,6/1,7-Fraction
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Fig. 4.8 Integrated Flow Process of Dinitration of Anthraguinone
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a.H 187.2g 98%HITRARFI 436.8¢ 98%MITHASAL B f IR RS, MR 40°C, &
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a. FL&
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KEETE, FHT, |15 H.
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TR 15 HMBIEB), AKEKAHE—-10C, ZE—10CHE 2h, F G3
WowTEE, EUTRAKBERE, T, 18 18 44, MY 480g FHET L
AL R ER(D), 3 T 0 BHBU(E) F 1R R R BS 2 43 8 16/17 443,
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Table 4.8 Data of the Process with Mixed-acid Pre-washing

Weight of 15  Puritiesof 15 Yield of 15 Weightof 18  Purities of 18 Yield of 18

Baich No. Fraction (g)  Fraction (%)  Fraction (%) Fraction (g) Fraction (%)  Fraction (%)
60101 8.8 96, 56 29.53 6. 4 96. 25 21. 48
60102 11.2 95, 48 37.58 9.9 96. 78 33. 22
60103 11.5 95. 21 38. 59 10 96. 32 33. 56
60104 11.6 94. 59 38. 93 9,9 95. 32 33. 27
60105 11,7 94. 32 39. 26 9, 8 95. 05 32. 89
60106 11,7 93. 88 39. 26 10, 1 94, 72 33. 89
60107 11. 8 93.78 39. 60 9.9 94, 21 33.22
60108 11.6 93, 82 38.93 10. 2 93. 85 34. 23
60109 11. 7 93, 95 39. 26 9.9 94. 02 33. 22
60110 11.7 93, 72 39. 26 10 94. 12 33. 56
60111 11,8 93. 75 39. 80 10 93. 82 33. 56
60112 11.8 93. 68 39. 60 10. 1 93, 56 33. 89
60113 11. 9 93. 45 39. 93 10. 1 93, 12 33. 89
60114 12.1 93. 58 40. 60 10 93. 78 33. 56
60115 11.7 93, 25 39. 26 9.9 93, 18 33, 22
60116 11.9 93, 43 39. 93 10 93. 01 33. 56
60117 11.9 93, 38 39. 93 10. 2 93. 89 34. 23
60118 11.8 93. 13 39, 60 10. 1 93. 27 33. 89
60119 12. 0  93.65 410, 27 10 93. 65 33. 56
60120 11.8 93, 22 39. 60 10. 1 93, 34 33. 89
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Fig. 4.10 Purities Comparison of 1,5-Fraction by Mixed acid Pre-washed
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Table 4.9 The Comparison between the New Technoloy with Mitsubishi method

Mitsubishi This Work
A. Adding anthraquinone By contraltling temperature Adiabati;nitratiﬂn N
B. Separation of 18 fraction Distilling out partial HNO; Crystalling at lJow temperature
C. Separation of 16/17 fraction Distilling out partial HNO, Major part recycling in system
D. Treatment of mother liquor Distilling out HNO, and Major part recycled directly

recycling H,80,
E. Relation between next batch Dependent Interrelated, computer simulation

must be used

F. Yield of {5 fraction 32% 4G%

G Punty of 15 fraction 93% 94%

H. Yield of 18fraction 32% 33%

I. Purity of 18 fraction 80% 93%
PR 7R RT bR B -

1. SR I RS, FEEMWE 15 A5/ I8EANEE, —REER
ik 15 HHEE, E408 156 ANNEFE 9 16 BERE 18 Hod, HE
RE, 15 HAaHEBEAREEIE 93%LL L, BWRMK, HE 30% 18 H4o85 81K,
HA 80~85% H 16/17T AP EHFRER 15450 18 4. MALERALES &
18 4, 1F 15 A4F1 18 Sl S EBEMAERERT 93%; BARBETHEBELE KEM
15 7&F0 18 4%, BXMASHERAST —HL, YR, 15 45 KRk 40%,
18 4 W F & 33%.

2. =FMUNMIBURSE ZIRIBRATRIRE, £FMBRALHR MR, m
FTZHRFLEAERMRRA 78RR, WEBREMERD, TEXAEL.

3. ZRMWHMIHLRELZEFR+0B R, 32 BRI R L IHER N B K6
BB R, TRRERECR KA 08, AL LB ERMENE A,
BASRET SR, 2ERRAL, REHEEXERRE,

4. BRI L ZERERRERALANERA TR L EERNEFTTE, —H2
M TUE, B%+4HE. SuRBIESTEE, FTHENETFEET. &
TEJEE THiME . - |

DL EEA T AR R ER MG RAN T2 K5, §i— =T
BRixth 2R A EFE, HABLRTT.
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1. AERE EL—E0ERNESBEFFRLEEIE, e TS0 RES
ERGAR, AT E 16/17 A48 RidE, oK EEER.

2. HX—ERBEILTEH AL, A QBASIC ESHITHRETHE., HliEy
BRSNS A AR RELRBIFSHEE RS .

3. S5=FURAFEMEREEIXPIHLZHELZRE, #IEEL, WES, &
BIFAIL M.
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N o »n e

Mif4: QBASIC [RIEFF

REM AR ik pfl iy 5
DIM AQ(15, 50), HN(15, 50), HS(15, 50), HO(15, 50), NA5(15, 50)
DIM NAB(15, 50), NA6(15, 50), TM(15, 50), TL(15, 50), TN$(15). TY(15, 50)
INPUT “TEERIXH: N="; N
IF N > 50 THEN N = 50
INPUT “HEE{EH 2. RL="; RL
REM 2 X
REM HN__fEEE HS__GHEE HO_ 7K AQ &Ag
REM NAS_ 1,5-—hgRE@BE NAS_ 1, 8- fHH &R
REM NAG_ 1, 6-_hfiJ& @8R+, 7-  ff 3 O
REM TM_ #ZBLEF TY_ #MiEWRINH TL_ %
REM TN$_ T %54 ER

REM B—34r. EUEHE
FOR J =1 TO N STEP 1
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REM J REMGEIXH
REM 1 RRTEHE

= 1
REM (1) F8fb& %)
TN (1) = "TEkAT
[F T > 1 THEN GOTO 200
REM %5 —#bEik
AQ(1, 1) = 208
REM L 1mol JEE A Rt
MS = AQ{1, 1} * 30
REM /BRZAREE ELLY 30: 1

HN(L, 1) = MS * .7 % ,98
HS(1, 1) = MS * .3 * .98
HO(L, 1) = MS * .02
NAG(1, 1) = O
NAS(L, 1) = O
NAG(E, 1) =0
GOTO 300

200 REM 1F & HbRFE1E
AQ(1, J) = 208
HN(1, J) = HN(7, J - 1) + HNO
HS(1, J) = HS(7, J - 1) + HSO
HO(1, J) = HO(7, J — 1) + HOO
NAS(1, J) = NAS(7, J - 1)
NAB(1, J) = NA8(7, J - 1)
NAG(1, J) = NAG6(7, J - 1)

300 ™(, J) = AQ(1, J) + NAS(L, J) + NA8(1, I} + NA6{(l, J) + HNQ1, J} + HS(L, ) +HO(L, I
TY(I, J) = HWN{1, J» + BS{i, D + HO(l, D)

I =2
REM (2) #E 4k I S5 il
T™N$(2) = "§H{bs
AQ(2, I} = (@
HN(2, J) = HN(1, J) - 2 * 63 - 50
REM $E4L 32580 5% 50
HS(2, 1) = HS(1, )
HO(2, 1) = HOQ1, J) + 2 * 18
NAS(2, J) = 298 #* .3919 + NAS(1, J)
NAB(2, J) = 298 * ,36i9 + NAB(l, I)
NAG(2, J) = 298 * , 1966 + NAG(1, I}
TH(2, J) = AQ(2, J) + NA5(2, 1) + NA8(2, J) + NA6(2, J} + HN(Z, ]) + HS(2, ) + HO(2, )
TY(2, J) = HNG@, ) + HS{2, I} + Ho{2, I

1 =23
REM (3)15 H{uEi
TN$(3) = "15 %P
AQ@3, ) =0
NAS(3, J) = NAG(2, J) - .0041 * TY(2, J)
REM 15 QBRI L 0. 41%
NAB(3, J) = NA5(3, I} * 3 / 97
REM £25F 15 (AU 18 &N 4%
Rl = .48 * (NA5(3, J) + NAB(3, )} / (.52 % TY(2, I))
REM 8 2 2B 3 #K 48% R1 X LLFIXI T
NAB(3, J) = NAB(3, J)} + NAB(2, I = Rl
NAG(3, I} = NAB(2, J) * Rl
REM 16/17 {625
HN(3, J) = HN(2, J) * Rl
HS(3, J) = HS(Z, 1) * Rl
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HO3, I) = HO(2, J) * Rl
™(3, J) = AQ(3, J) + NAS(3, J) + NAB(3, J) + NAG(3, J) + HN(3, 1D + HS(3, I} + HO(3, I
TY(3, J} = HN(3, T) + HS(3, I) + H0o(3, I

1=4
REM (415 #H{n EFik
TN${4) = "15 &3 ~
AQi4, D =0
HN(4, ) = HN{2, J) -~ HN(3, J) - 25
REM R e it #2mMmiER 25
HS(4, 1) = HS(2, I} - HS(3, 1)
HO(4, J) = HO(2, J) -~ HO(3, I
NAG(4, T) = NA5(Z2, J) — NAS(3, I
NAB(4, I) = NAB(2, I) - NAB(3, I
NAG{4, J} = NA6(2, J) -~ NAG(3, IV
™M(4, J) = AQ(4, J) + NAG(4, J) + NAB(4, J) + NAG(4, J) + HN(4, J) + HS(4, I} + HO(4, )
TY(4, J) = HN(4, J} + HS(4, I} + HO(4, I)

1! )

I=5
REM (5) 18 4|3 3eiH
TN$(5) = "18 #H
agcs, =40
NAS (S, J) = NAR(4, I) - .0072 * TY(4, J)
REM 18 B FIBMBERN 0.72%
NAS(B, J) = NAB(4, J) - .0038 x TY(4, [)
REM 18 (ATi/BREP VAR N 0.38%
R2 = .36 % (NA5(53, I) + NAB(5, I)) / (.64 * TY{4, I))
REM 18152 S OHF IR 36% R2 Ntk F
NAG(5, J) = NAB(4, J} * Ri
HN(5, J) = HN(4, J) = Rl
HS(5, J) = HS(4, I) * Rl
HO(5, J) = HO, I) * Rl
™G, J) = AQ(5, J) + NAG(5, J) + NA8(5, J) + NAG(5, J) + HN(5, I) + HS(5, I) + HO(5, J)
TY(5, J) = HN(5, I} + HS(5, J) + HO(5, J)

(IR

1=%
REM ()18 B Rk
TN$(6) = "18 €k ~
AQE, I =0
HN{(6, J) = HN(4, J} - HN(5, J) - 25
REM il iIBMMEIE R 25
HS(6, J) = HS(4, I} - HS{5, 1)
HO®G, 1) = HO(4, J) - W0, D)
NAS(B, J) = NAB(4, J) - NAB(5, I}
NAS(6, J) = NAB(4, J) - NA8(5, 1)
NAG(B, I} = NAG(4, I) - NAB(G, I)
™6, J) = HN(B, J) + HS(6, J) + HO(B, 1) + NA5(6, J) + NAB(6, I} + NA6(8, J)
TY(6, J) = HN(6, J) + HS(6, J) + HO(B, I

(1 I

1 I

1 =7
REM () EFRR&
TN$(7) = "ZER B
™7, I} = RL * TM(6, 1)
REM ERH B8, VUG MR 538 —Htns

AQ(7, I) =0

NG, J) = TM(7, J) / TM(6, J) * HN(6, I}
HS (7, I} = T™M(7, ]) / T™(6, ) * HS(6, I)
HO(7, ) = TM(7, D) / TM(6, ]) = HO{6, ])

NAGCT, I) = T™M(7, J) / TM(B, J) * NAS(S, )
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NAB(7, I} = TM(7, ) / T™M(6, ]) * NAS(6, D)
NAG(7, T} = TM(7, ) / TM(8, J) * NAG(B, J)
TY(7, I} = HN(7, I) + HS(7, J) + HO(7, D)

I =8
REM (8) [l i e £ #
TN$(8) = "ol 8%y

AQ(8, I} =0

HN(8, I) = HN(B, J) - HN(7, I}

HS(8, J) = HS(6, J) - HS(7, I

HO(8, J) = HO(6, J) - HO7, D)

NA5(8, J) = NAG(6, I) - NAS(7, I)

NAS(8, J) = NAR(H, I} - NAB(Z, I)

NAG(8, I) = NAG(6, J} - NA6(7, ]

TM(8, I} = HN(B, J} + HS(8, J) + HO(B, J) + NA5(8, ) + NAB(8, I) + NAG(R. I)
TY(8, J) = HN(B, I} + HS(B, J) + HO{8, J)

IF J > 1 GOTO 400
REM i3 3 4 In e it
REM HNO L EAMERE  HSO_ Frabghme HOO_ Biabsk
REM HN1__ ¥r#b 98%FEME  HS1__ itk 98%GiER

HNO = HN(1, 1) - HN{(7, 1)

HSO = HS(1, 1) - HS(7, 1)

HNt = HNO / .98

HS1 = HS0 / .98

HOO = HNL * .02 + HS1 * .02
400 NEXT J

REM B84 HoHENTEH
FOR J = 1 TO N

REM (1) f84LBT IR R4 K

HN(10, I) = HN(L, 1) / (TMQ1, J)} - AQ(1, I})
HS{10, J) = HS(1, I} / (tM(Q1, J) - AQ(1, I))
HO(10, I) = HO(L, I) / (TM(L, 1)} - AQ(1, J))
NAS(10, I) = NAS(1, J) / (TM{Q1, D) - AQ(l, 1)
NAB(10, T} = NAB(L, J) / (TM{1, I) - AQ(1, 1))
NA6(10, J) = NA6(L, I) / (M1, 1) - AQ(1, D)}

n

([ I

REM (2) bk 5 B ER 41K

HN(11, J) = HN(Z2, T} /7 TM(2, D)
HS(11, D = HS(2, I} 7/ ™M(2, D)
HO(11, J) = HOQ2, T) / TM(2, )
NAS(11, J) = NAS(Z, J) / TM(2, T)
NAR(11l, J) = NAB(2, ) / TM(2, T}
NAG(11, J) = NA6(2, ) / TM(2, ])

i

REM (3) Bk 4H A%

HN(12, J) = HN(6, J) / TM(6, )
HS(12, J) = HS(6, I} / TM(B, )
HO(12, J) = HO(B, J) / TM(6, )
NA5(12, J) = NA5(6, I) / TM(6, I)
NAB(12, J) = NAB(B, I) / T™M(6, D)
NAG(12, J) = NAG(6, J) / TM(6, T)

I

(I T

REM (4) 15 #&RE S 4 R,
NAG(13, J) = NAB(3, J) / (NAS(3, ) + NAB(3, I) + NA6(3, I))
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NAB(13, I) = NAS(3, I) / (NA5(3, J) + NAB(3, I} + NA6{(3, I)})
NA6(13, J) = NA6(3, J) / (NA5(3, J) + NAB(3, J) + NAG(3, I))
TL{13, J) = (NAS(3, I) + NAB(3, J) + NAG(3, I)) / 298
REM 15 fAde R

REM (5) 18 {& Kb 4H A,

NAS(14, ]) = NA5(5, ) / (NA5(5, J) + NA8(5, ]) + NAG{(G, ]))
NAB (14, J) = NAB(5, J) / (NA5(5, J) + NAR(5, J) + NAG(5, I))
NAG{14, J) = NAG(5, J} / (NA5(5, J) + NA8(5, J) + NA6(5, I))
TL{14, J) = (NA5(5, J) + NA8(5, J) + NAG(5, I)) / 298

REM 18 {&u®

REM (6)16/17 {%2H ¥

NAS(15, J) = NA5(8, J) / (NA5(8, J) + NAB(8, I) + NA6(8, I))
NAB{15, J) = NAB(B, I) / (NAS(8, J) + NAB(8, I) + NA6(B, I))
NAG6(15, J) = NAG(8, J) / (NA5{(8, J) + NAB(8, ]} + NA6(8, I))

TL(15, J) = (NAS(8, I) + NAB(8, J) + NA6(8, I)) / 298
REM 16/17 $Aifr &

NEXT J

REM =3 KR
REM (1) #1868

PRINT * RE _HtYss g
PRINT
PRINT 7 s ekt sk stokokak skaRstolkoler s ek ki ok ARk Rk sk e stk kokok sk askorok kR ok st ekl ok tok ok doroorokekskok
PRINT ~ |15- 784 |18~-—FY |1617-_1Y|EME (MR (KE Fis
PRINT oo e
FOR J=1TON

PRINT "fEHHE"; I. "&”

FORI =1 TO 8

PRINT TN$(I);
PRINT USING ” #i#s. #i#tfit”: NAS(L, J). NA8(I, J)}; NAG(I, I): HN(I, J): HS(I, D : HO(I, J);
T™(I, I

NEXT 1
PRINT

NEXT J
PRINT “%hjn 98%iEME. O8%IRAR: ~
PRINT USING ~ ###4. s#84” . HNL1; HSI]

REM (2) RAVACRER T 7r
INPUT "G a " M$
PRINT ” BONTTRRE A 2k~
PRINT * fE¥ReR%] 15-288 | 18~ |1617--84| #M | @iKg | K7
FOR J=1TON
PRINT USING ~ 8% ~": J:
PRINT USING “ ###. ####8”; NAS(10, J); NAB(10, I); NA6(10, I): HN(10, J): HS(10, J): HO(1D,

I
NEXT J
PRINT

REM (3) B 74 ik
INPUT "3RI ERgREE": WS
PRINT “ S JER et )
PRINT “ fEEReREL) 15-204 | 18-=8Y |1617-"H8] &M | ®iE | &« ~
FOR J =1 TON
PRINT USING © 88, "; I:
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PRINT USING “ #it#. #as8#”; NAS(12, J); NAB(Q12, I); NAB(12, I): HN(12, I): HS(12, I): HO(12,
D)
NEXT J
PRINT

REM (4) 15 &7 432k
INPUT “i&H&|n|7ERR4REE" . M$S

PRINT * 15 Ry ardlik ~
PRINT ” TEFR¢k%| 15-F4 | 18~-—F4 |1617- 84| we&”
FOR J=1TON

PRINT USING ~ &% ": I

PRINT USING “ ##&. s#u#8"; NAS(13, J); NAB(13, J): NA6(13, J); TL(13, J)
NEXT J

PRINT

REM (5} 18 A B/ 4r4lRk
INPUT "l 5R4E4E", MS

PRINT ” I8k *
PRINT ~ ¥ ikc¥| 15-—8 | 18-ZH4 |1617--1] "
FOR J=1TON

PRINT USING “ &% 7; J;

PRINT USING “ ###. ####8"; NA5(14, J); NA8(14, J); NAG(14, I); TL(14, I
NEXT J

PRINT

REM (5)16/17 & T4 4%
INPUT "iHiZEI AL, M3

PRINT ” 16/17 4K F 4P 4Rk
PRINT * PRBRIKEC( 15-Z48 | 18-@4 [1617- 84| WR&R”
FOR J = 1 TO N

PRINT USING * ## “: T;

PRINT USING * ###. ##84#”, NAS(15, J); NA8B(15, J); NA6(15, J); TL(15, I
NEXT J

PRINT

REM BPU#E 5. 1TH!

500 REM (1)¥p%l 4%
PRINT “"REFTEIRIEE (Y/N) 7,
INPUT P$
IF P$ = "y" OR P§ = “Y” THEN GOTO 550
IF P$ = “n” OR P$§ = “N” THEN GOTO 600
GOTO 500
550  LPRINT ” LN EMRTETE A7) S T A
LPRINT
LPRINT ”*#**:!:******#nk*********#******#******#******#**********#***#**#****************”
LPRINT |15-288 |18-Z88 [1617-HY | Mt Bl |k | 3K
P RINT 7 e e e e e e e e e ”
FOR J=1TON
LPRINT "B, J; “IX”
FOR T =1TO 8
LPRINT TN$(I);
LPRINT USING “ #uu#, #8887, NAS(I, J); NAS(I, I): NA6{I, I); HN({, I): HS{I, ] : HO{I,
D ™A, I
NEXT I
LPRINT
NEXT ]
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600

650

700

750

800

850

900

850

LPRINT "&b OR%EEME. O8%EE: ~
LPRINT USING ” ###t. #s#a”- HN1: HS]

REM {2) WV EiRRE T 44l
PRINT “ 2757 EP B 1% AT VR I8 71 43 4Lk (Y/N) 7
INPUT P3
IF P$ = “y” OR P$ = “Y” THEN GOTO 650
IF P§ = “n” OR P$ = “N” THEN GOTO 700

GOTO 600

PRINT ” RO ATRER TT 4r 4 K, ”

PRINT 7 #E¥RR¥ 15-288 | 18- 4% |1617-28%1 M | &k | s
FOR J=1TON

PRINT USING ~ ##.  ": J:

PRINT USING * ###. ##a##”; NAS{10, J); NAS(10, J): NAG(L0, J): HN(1Q, J): HS(10, J): HO(10,
I
NEXT J
PRINT

REM (3) &5 A nk
PRINT “REITEPEREE 4 HH (Y/N) 7
INPUT P$
IF P$ = “y” OR P$ = “Y” THEN GOTO 750
IF P$ = “n” OR P$ = “N” THEN GOTO 800

GOTO 700

PRINT ~ BEE VT 4L 7

PRINT ~ fEM V¥ 15-28 | 18- _h4 |1617-"%4| MR | Gise | i
FORJ =1 TON

PRINT USING “ &8 “: J:
PRINT USING ~ Hitt. ghunst” NAS(12, J); NA8(1Z, J): NA6{(12, J): HN(12, 1 ; HS{12, J): H0(12,
1) |
NEXT J
PRINT

REM (4) 15 4 T1 57 ik
PRINT "2 ITER 15 (R EZr A (Y/N) ™,
INPUT P$
IF P$ = 7y" OR P§ = “Y” THEN GOTO 850
IF P$ = “n” OR P§ = "N” THEN GOTO 900

]

GOTO 800

PRINT * 15 4 aading ~

PRINT “ {E¥Rvk¥] 15-—44 | 18-ZH8 |1617-"88| ok
FORJ=1TON

PRINT USING ” . 7; I.

PRINT USING * #k#, &u#s#t”, NAS(13, J): NA8(13, J): NAGQ13, I); TL(13, I
NEXT J

PRINT

REM (5) 18 4 F4r#H i
PRINT “REFVEN I8 fKE 4HE ML (Y/N) ",
INPUT P$
IF P$ = "y” OR P$
IF P§ = "n” OR P$

“Y” THEN GOTO 950
“N” THEN GOTQ 960

Il

GOTO 900

PRINT * 18 E ek -~

PRINT * fEFRIRE| 15-8% | 18-"8Y |1617-28%| ue#x”
FOR J =1 TO N

PRINT USING © ##. “; J:

PRINT USING “ #i%. #8##8", NAS(14, J): NAS(14, J); NA6(14, I): TL(14, D)
NEXT j
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PRINT

960 REM (5)18/17 {RT7 44 1%
PRINT “"BEITER 16/17 AT 44l lE(Y/N) "
INPUT P$
IF P$ = “y” OR P$ = “Y” THEN GOTOQ 970
IF P$ = “n” OR P$§ = "N” THEN GOTO 999

GOTO 960

970  PRINT ” 16/17 KT 44K
PRINT ” fEEAIREY| 15-%8 | 18-"HY |1617-H8| ik~
FOR J =1 TON

PRINT USING © #8. “; I

PRINT USING “ #&#. ##88#”; NA5(15, J); NAB(15, J): NAG(15, J); TL{15, 1)
NEXT J

PRINT

399 END

REM &R
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Fig. 5.1 Flow Process of Pilot Production

#5.1 PREF-UE

Teble 5.1 Equipments Sheet for Pilot Production

No. Equipment Type Material Note
001 Nitration Vessel 3001 Enamel

002 Sealed Filter 1001 Stainless steel

003 Transition Tank 3001 Stainless steel

004 Crystalling Vessel 3001 Enamel

005 Metric Tank of Mother Liquor 3001 Stainless steel

006 Distilling Vessel 3001 Enamel

007 Condenser 2m’ Glass

008 Vacuum Filter 0.5m? Stainless steel

009 Receipter of Nitric Acid 1001 Enamel
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Fig. 5.9 Yield Comparison of 1,8-Isomer between Maa Production with Laboratory Synthesis

ZRGECHEUERR L —FE, BHERIEY.
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Frt R A RGEL — RIE 2B — EERE A — 2 R T2 2 R i 3 A
E, =Pl T PR, 2THRE, SHHREEESEET MAKAKFE. 3+
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BAE 1VEAEEE 2 MATENE e - K- R R HE L EINF Y

ERE -2 EER 2 TR xk-kE-F1L

thE R ELRIFR
BRK—H-EENEREN, 77PEHEFE 1-dE4-2ERREH, W
SHA 60, TS S6. R 73, THK 77T E. FEEABEEREASH
R—ANBERAEBHEE (L 15). A 1-BERERESH -2 HE-4-F 5 B R &
), —BRBEAIExSAKE T, REHEKEMRE, i, HETRE
{’E%J—'ﬂ*iztiﬁﬁﬂ% JE TR R K
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o O X
O O  NH
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0 X O OH
X = CL Br

LAarALl 60 By A6, HEES R 1-HE-2-R-4-BEBERMSRK, Tk
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0O Q Br O OH
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Q N, Br OH Q¢ NH;
+ 3Bn,
o = 005
NH, O N, O Br NH, O OH

Tk b, 1-FE-2-B4-RERBNERTZMBERELER FHBE” &
AR ATESEERRA RTIRL, REEsBEENITEY, T
BRI, SAKBEFTHERN AP KE. “—BE” WEAREBPRE, T2rEN
RUY, ESFEVRRRERE, BERERRNETKE. BElEAIE 2 X
H “—8iE" LE.

“—WIR” HFRA-KBER TR R R ERBRN R HT, -REERIRLL,
Hig FHRBIHMAE2 BRERE, FN™4 2 BREKRALE, T RENER
HFEERTE 15~18 2, XEMHTHKMRNEFWER, #o0RLEEE
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LR 1-RE-2-RA4-FZHEERERTZ, RPTERBN
. KEEMEA R, (HRA MK VA R F 34T 8, K
RS, RERTREM, BRFaTRHMATH /4 HRE.

AXAET —MELEGERRUDGIRT, HBER LT

JE A AT IR
H TR R

, R

RL KERNAMEARNERR T BRI HIRET, # |-EEEBRK 47—
BHIANRE. BA, qETAMBRRE, DT AREENBLYERLY .

6.1 I-EEEMBITMAE-KE-SUHEEBRLEM 1-§XE-4-8

AR
6.1.1 PRI FTRAT

T IB0CRNHIS T I-RE4-RERR. £ R T Z4H6 T, =9

AU 1-RERRARR, EHERNTP, WBRAET, DERLH 31 EH,

REFRENSEAIR 0% (H6. 1),

- -4

mAU ] DADA fig=§§a.4 Ref=off of YXC823-2 D

rrrrrrrrrrrrrrrrrrrrrrr

BlEM: Cotk: MHaHH: MEE: ZH=98; 2

6.1 1-EERBHFZELZYH) HPLC i&E

Fig. 6.1 The HPLC of the Products of Coordinated Hydroxylation of 1-Aminoanthraquinone

FEYESIEEIE MS. 'TH-NMR # & PC-NMR #HiET 1-E-4-B R ERe

¥, 4r3)E 6. 2-6. 4.
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Fig. 6.4 The "*C-NMR Spectrum of 1-Amino-4-hydroxyanthraquinone

5l 6.2 FURBIRM TR 239, AT 1-EEERLT AR NHLIIA
TH#E: ZHEHERRESIATT I-ERERE 4-07, £ 7.16, 7. 29ppm AL HH
HIEERIS | 2 /M 3 R FIE AR A ER, BaEHAN 9. 20, EFH#AY
RUXS A AT AE . BRI F 180. 62, 186. 17ppm 4bHBRAIREFHRAE S 1, 4 MEEA
ﬁ%%ﬁiﬁ%ﬂﬁﬁ&lﬂ%

B PR ERARIL T, ERHDRRMYEIR. BIBAMERZLE T rIbh
VRN, SR I-HEER - EHEEEL.

6.1.2 1-"IEERHERENLHERERE

BT -AEEREURLBSIR T, CITRER N A {k7], %iztr’ﬂlrlz IK g FIE
hEEEL, BIIESERTHRAHMNEE. MBRKE. BHBHEMNERE N E
(1) WUeHrIAE

HI FEEGERBELE L, —HEF HI AR, SLEREFENHE L. ZE
PIERIRER A P I BT LIS F SR, ERN SIS 1-E 3 E R
/REE 1: 0.01 RUBULE, PP rTRNEIBHERN |-BRE-4-BPEER. SCRiryW
BB AR, BEARNRLE.
(2) BRERIRHE

R ERARNS, KA RIEAE, ERHTA LR PinEL B a miEs
PRk 1-B B ER 40 bR E X SR ENER. BRBRKESREN, &
FIF AL IREA R MBI RN, FFUARBKRE K. BEAESE
REREHRA TESSB— S KR RN, FlmBeRN, EE%4 K.
IHI-HAE A REEBTRETE. MEBKEU 100%WERF, NE6. 1.
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HANE |-FIEEER 2 AT EYN - K - S PR B AL BT 5T

R 6.1 BRERIRBLXT U I e B4k 1 5 o
Teble 6.1 The Effect of the Concentration of H,SO4 on the Coordinated hydroxylation with Iodine

Batch  Concentration of  Weight of

No. H,S0, (%) Product (g) Purity (%)  Yield (%) Note

3-1-1 99 5.6 87.8 §2.2 Reaction is not complete
3-1-2 09.5 5.8 88.5 86.3

3-1-3 100 5.8 90.1 87.8

3-1-4 100.5 5.7 §9.4 85.7

3-1-5 i01 5.8 88.2 84.9 There’s sulfonated spot on TLC

* Temperature:180°C, H;BO3:KI:1-Amino-4-hydroxyAQ = 1.4 : 0.01 : 1 (mol ratio)

(3) WAHE

MRRHEL PEERRIKBRNEE, WERINE, KERNEEDD
BRe XERPidEd, o0 I-EEEBRKKEN, WREETSEER -EEEH
MERRE. 7 -AERRSPCAREE/RL A 1. 0.01, 100%F 8T 180°C F it
TV HBRAERR, SREVENRS -EEERMERLEHR0.5, 1.0, 1.4,
FEE R A BRI IN, KBREBFKERBE NSRS, BB ER
tL, REEERMABEECDAEEMN. FrLUSMES MR VIS 1.4 RO 5E,
(4) BE

£ 160°C, 180°C, 200CHIR TIREXN R RN HBWH. 4 160°CH,
RMEE DR, GUAKEILERGS IE ST, BilEEERE N, SR
VT RAKEARRN -EEER. 200°CH, RNIEERD, KVEE BRI,
BRERT KEMRE, TEEBINREE™E, BASE 180CH, &Nk
&P, RMFITELLEFEM. L% 6. 2.

i

R 6.2 0 XS 5] 5 0 R B B 5 i %
Teble 6.2 The Effect of the Temperature on the Coordinated Hydroxylation with lodine

Batch Temperature  Weight  Purity

No. (C) (@ (%) Yield (%) Note
6-2-1 160 5.8 75.2 72.7 Reaction is not complete
6-2-2 180 5.8 90.2 £7.9
6-2-3 200 5.8 71.2 75.0 There's sulfonated & carbonized spot on TLC

e e e

* H;504 concentration: 100%; H3;BO3:KL:1-Amino-4-hydroxyAQ = 1.4 : 0.01 : 1 (mol ratio)
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KR TR ) F
TEARAM AT 1-REEREML — KB - S th R R R d & 1-
BE-4-REER, Wik 8%, FREW0%.

6.2 I-RE-2-RERBZA L KF-ALHEERELER -85
—2-R-4-RERE
I-RE-2-R-4-BREEMOAET -EE-2-EE B R Rk
#F. WRE -EEC-REERRL, AARENRERRERR TR, BT 1-
QE-2-H-4-BEERS, ERHEIMLRE, -EE-2-R-4-REER™Y)
HHRER 1-EE-3-R-4- B EERRA™.

6.2.1 BAE -HE-2-RERRRAH &

(1) ERFE

T 250ml PO OB A IO 22.3 32 1-EEERE (0.1mol, 2i/E 95%) & 45
T 80%HiEE, FHRE 7STHAEM. T 5 /AR AR 16.0 WEKEE (0.1mol),
ANBETRERN 3 ME, B TLC BRRENHERE, HE-B I-EE-2,4-
THBRARN, BAFIERE, $H, BIAERKTNE, diE, KEEF
. HmE N1%. AR FEPBRKELS R, 1 G RE 5 4 DMF
PEARER, HHERN 98.4%8 -EE-2-RER. X 'HNMRIEERE 6. 5.

§E %3 2iga¥dass REZE
: =2 4007

it *u """

'I'IE\J‘J“IT:

P6.5 1-RE-2-REEN H-NMR %K
Fig. 6.5 The "H-NMR Spectrum of 1-Amino-2-bromoanthraquinane
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AR 1SR 2 BT ALK LA A S A 5
AR, FHiiKNOCRETEHTFRLEE, SURKEN -6
B2, 4-“HERERE, BETOBEEENE -HE2-HEBIDS, 2R
AMABREL R k. Hik, —FTHERTHESHE -REERELY 1-
FE2-RER, 5 HHAERNSE -EH-2, - REBARN, BEER
¥ o

REARBRERS -EEEREWERLNTERNE. YEEET 90T,
BRERT 96%M, RALEEE Mk, =W RPN GBI, B—FE,
BRARESTBORM R L WM&, BT E 8 1 mol R E A LUE 1-
REEMT RN, T S0O%MERME, 75CT RN, EHITREMRMERE,
BRUEFYESERS, ROAKOED. i DMF B4 R B4iE % 98.4%[H
1-EE-2-REE.

6.2.2 1-HE-2-RERMNRL-KB-SEUHRERERE
(1) SERHE

Ry -EE-2-BEER 3.02 5 (0.0lmol) ¥ T 30.2 ¢ 99.5%) 3k ik B,
IR 0.37 WHHER (0.006mol) F 0.60 THIR L4 (0.005mol, 1-HE-2-HERS
RACHFIEEIREC A 2. 1), BHRMNR, BIBEE, JHEE 170CHRERN §
AN BERB AT, T, KRR, B30 1R A2 R4 R,
HiRE 99.0%, P=H 97.5%. H H-NVR £ HLE 6.6, FE & HE T : Hy(57.65, 1H,
s); HeH7(87.90, 2H, m); HsHz(58.20, 2H, m). iE A _FiRth R Bk &) E /74
REGEY: 1-85E-2-R4-BEERLIE. TR, 1-8E-2-RERERL
ISR, WERENT, HRRLEKBHEDRNER, BT REeLT
TH .

6.6 1-B&—-2—R—4—REERH H-NMR i
Fig. 6.6 The '"H-NMR Spectrum of 1-Amino-2-bromo-4-hydroxyanthraquinone
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REET NEW 20y

(2) ARk

ATHRAZERN &M EAKBERRNAEY, £AMATKETEN
Sk, ETTMTFEL LK. DURAMN -EE-2-REEAER, mRims
BT, URNBE. MEBKE. WA ECHERERIE AN AKRERTE
WL L) R R T BUu—KE—S L RAEEL. L=+ H K=Y
B8R 2-RABREERSEAETRG, 20K 6.3

EEXLRECHREEMHGCEA, TERMKBEEZWNM, BRERR
FEE24-ZREBME, RHELRRNEH T ABRKAEERRT -5 H-2-
REBMRWERE, RUEERMMEG SR, HIERXERARZE ST L,
ELREANEGT, SEEPNRNEWEAKZEEE, HEXT 1485,
EBICREZKWERRBAN 50.61%, FHRERE 16.87%; HENE 170
CTH#HTHFEHRRNTTRSZ 66.49%, WINT 50%. 2@ AR e
Bigm, snERLRNEBR, RIGEFSR, WELE“HP KBS ELR

a

i

#63 1EEVREBARMTTFETHRREMLETERER 2R
Table 6,3 The Results of the Coordinated Hydroxylation of 1-Amino-2-bromo-anthraguinone
by Orthogonal Method

Temperature  Concentration Amount of Amount of Purity of I-amino-2-
Batch No.
(C) of H,S0, (%) H;BO, * KBr * bromo-4-hydroxyAQ
6-3-1 130 98 2.4 0.10 9.04%
6-3-2 150 98 0.6 0.05 44.87%
6-3-3 170 %8 1.2 0.20 65.74%
6-3-4 130 99.5 1.2 0.05 19.07%
6-3-5 150 99.5 2.4 0.20 53.59%
6-3-6 170 99.5 0.6 0.10 78.08%
6-3-7 130 101.5 0.6 0.20 22.50%
6-3-8 150 101.5 1.2 0.10 36.12%
6-3-9 170 101.5 24 0.05 55.64%
I 50.61 119.65 145.45 119.58
1 134.58 150.74 120.93 123.24
] 199.46 114.26 118.27 141.83
Differing 148.85 36.48 27.18 2225

* mol ratio to 1-amino-2-bromoanthraquinone
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SBANE [-EFEEAR 2 AT oAk - K - P [A] 32 kAL 09T 5T,

BRI BATR, KT, BERHEN LCHEBEEMNEERE,
BT 2 (TR TR R E TR, BRI ER D RS, WL
ERRHEES. HEBEMBRAETERILN 1: 03, WRMERN, &56HH
LA R B 124 TR EEREE, MR AL, BETK
WERE . BEEYRRRYMBRR. A, KRR R RS, AT
BT LLF 5900 B 0 K R S N B A

IR ERAN, A5 TEAHOEAEARME R RN, Ok
A, EEE. BRENAGT, T8 —LmBZaE RN, X5 M
5 4 4 T 4 48 B8

AL BIKBRNAERSERHT, TEREEME 170C. 99.5%0WEEH, 0.6
BRHEMMBHET, SEMnREeRnHE, SBREELE 64

64 RBUYWHEBLHKEBYESBUXEZE
Teble 6.4 The Effect of the Consume of Bromide on the Content of the

1-Amino-2-bromo-4-hydroxy-anthraquinone

Batch No. Amount of Bromide* Content of Product(%) Yield(%)
6-4-1 1:0.2 84.5 82.7
6-4-2 1:0.3 88.7 84.3
6-4-3 1:0.4 96.4 943
6-4-4 1:0.5 98.8 95.5
6-4-5 1:0.5 99.1 96.3
6-4-6 1:0.5 99.0 97.5

* mol ratio to 1-amino-2-bromoanthraquinone

HERTEIE T, EERCHEERT RN, KBS BB R,
= 1-RHE-2-R-EER, WEBRARLEIEREKKA 1: 0.6: 0.5, 78 99.5%F 8T,
170 C RN T &M 1-EE2-R-4-REER, mE01& 97.5%, 7= 54 &k 999
oL ks

6.2.3 I-FE-2-EERERML-KkB-SLirEEEL

MUY BRI HIT 1-EE-2-REMA - K - R Rk, B
A B AE 4-(E 5| AR KL,
(1) = Hv

£ 250ml I = IR, MARAN 1-EE2- W EEE 3.02 % (10mmol)
AT 30.2 7 100.0%BIKERER, A 0.37 ZHWIBS (6mmol) F 0.005 57tk &
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AR T At 42 ¥ 5
(0.03mmol), FH R NEE, By, FHER 185SCHREB RN 12 pE, B
Bk, o€, KERTH. B 315 7. dE 98.6%,. FEE 97.7%.

(2) 1-EE-2-BREBBL-KE-SHHRAERELRNGEWEAER

A, RN BEXT R o [R] 52 2 40 B 22 W

5RML, B REEALAMERESREE T#IT, REBRZREE 120
CHiFASH RN, MMM HBRMRNETE 160C A RN, £ 185°C12 /N A &
RN FEA .

% 6.5 X [F] B AL YR
Table 6.5 The Effect of Reaction Temperature on Coordinated Hydroxylation of

1-Amino-2-bromo-anthraquinone by Potassium lodide

Batch No. Temperature ('C) Yield(%)
6-5-1 140 0.0
6-5-2 155 5.6
6-5-3 170 85.3

6-5-4 185 917.7

*1-amino-2-bromoAQ: H;B0O.K1=1:0.6: 0.003(mol ratio), 160.0% H,50,,12hours

B. WA E XA o R 52 3 AL B B2
NAHI R RBEmBEAKR L, —EF HIARK, SERBEELKIL,
EAXREZR HBr IRAEGEH KNERILE.
NTRAMRZREMN, 1 BR1I-EE-2-REBEFE 0.6 B/R KBr(lH4 T
0.3 B/R Brp) A4 B R AT L, MMM HhFRZEEMN, 1 BR I-5E-2-RE
MR HEE 0.003 EE/R KIFHY T 0.0015 B/R )RS &, s RNV#HITRES.
i % 1 KT R & i oK B B 2R iR b & .
C. Tt B e 8 X B 1) O R) 32 A0 B 22 i)
HTBMAREAERGBEER S, FTUNREBARE 2808, KRBk
FERE, KBERMNEERE, RABENMNRNNERH SR, RNABEHTES:
ARBEERERNT, EHE TEREmLRNARKEKIL. F£F 6.6 PHLE
6-6-3, YT ERRER I-EE-2-REECRERN, B P E B FH
BN =4 . |
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PARTE |-F AW 2 A ATEY - A - AL U R PR R [ E
# 6.6 B I B % 2 AL 1 7
Teble 6.6 The effect of Concentration of Sulfuric Acid

Concentration of Amount of Purity of Product
Batch No. Yield (%)
H,S04(%) H3BO;(g) (*%)
6-6-1 99.5 30.2 92.3 02.7
6-6-2 160.0 30.2 97.7 98.6
6-6-3 100.5 30.2 100.0 934

D e e e —————_———

*1-amino-2-btomoAQ: HiBG;: Kl=1: 0.6: 0.003, 185°C.12hours

6.3 ML-KB-FHHRBEELEELE

6.3.1 REEFHIE

Be LA RRBEA AP -FEITUEY, UL —PEENMN. wiF b
H -2 EER KU KR TR IEFHEEL="RNAK. B, &
BRI R R R EANR N, xRk EEARN. & T R &5
TEABRMNER; IFNRMRKEEDIRE: LR 1-FEERBALEYS L
ARBAREFE 4N LB FFEEAR, #1TF BB () FEZBUL (K
B MEBEFER, AFES-KB-EREEHR, FTUERT RN &GN
WERAHERDA, FZHEBHAHELT.

2KX + H,S0, - 2HX + K,SO, (1)

2HX + HS0; — X; + SO, + 2H,0 (2)

8] NH NH»
R k, R
ssork E
O o x (3)
) NHE O NHE
R k, R
+ H,0 + HX
0 X s OH (4)

LR, FREMRUERZEOKERNEETER — &M T BHT, 2ILE
ARMEETMMHTHRR. ERM (3) HEEEH K KTRMN (1) i
EEH ko WHESEARNCGUDERNERPRE, TiEESGERRK-K
BHIEHE . RZ, HERN (D M kEXTk, BHERTE, BSHE/N (2)
ERMNEERE. MBARPRE,

AL P AR BACE Y LB KRR, 7 1-E R 2-RERRBELS
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JOEE T A SR

I-HE2-IR—4—2HEEERN, R -EE 218008, WRAKTEE, 554500
AR RE RS, IEERE AR &K, RNITFEH TLC AR, RE
RAZE, RNAGEHT. AR, BURNEFIARENLES LR, HRNE
RPMAL 1-HE-2-RERAERAT 2 =88 20% KR LIRS, 7F
EEHMEMT, FHPRREPYEERIX 88—90%. WP EN G R
R KK ER, ATLHEA R ERN I KR FZEARcRESH, NEER
N REATRFEAF A .

6.3.2 @EWENE

R O N R e A A T R RAE A S I R A LS ERE . A A
RREN, BEAREARER, FERTHRREN.,

MURFRRN, BERAIHNEETRGE, RESHEPEELEE
W, RERFEE, Bl #m. |

NH,,

NH,

NH,
o R
N - R
: : — + H
H X

BB S LTS ﬁﬂﬂﬂ'ﬁﬁﬂﬁﬂ{ﬁﬂﬁﬁﬂ HF C—X®H, C—TEMmE
Hggem, BULA R HI BELRYE, ANl RNER N, J:ﬁii?]ﬁ’"
MEE TR FES . REERTHFZAELBULR N, BRI F) 2%
MLEXMNM. HT RN, Miﬁiagé%%%iﬁﬁf.%?ttﬁi%ﬁ%fzﬁ@
5, Bk >k,

SR, KBEREERABFRABRAZR FoEEBICNEETFHE
RN, BARKWKERN. RNVEFERAT 4-UBEEFHAFEFEME
A& ZEH N,

N
NH, H NH,
R R R
OH == —
HO X OH

X
WET R ATELLR /DN, 4-CLBRIEFRIBF R E B N R R E, R
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SN 1-FEER 2 A7 G Y00 2 - 7K IR -5k B R 32 B4k AR 9T
FREXR, REFHZKKBRYFERLEEOEN . KR EEHR
KN, BEGNFEEE, NI hZRERY, HREREE.
MHRBETHEARNED, BETHREFELBS, HRIRMEMS TE
AL 4% T BRI A b F AL BB 53 F . 1B D SR R T EAR 2 8 B AT 5 A R N Y 3
K o

6.3.3 MERRIEESELIER

ERWREERIERTEYHREERBRPHMER AR BYIARE. B
R FSEERNEEE AR, #lin, 14--“REERTSWMERLSY,
FREENEANETZEER, NERBERHHML, SBELALE 2, 360,
7T 5, 84z ExAa,

HO ,oH HO. OH
B2
k07 O
OUO onu -
0 CI OMBJO
HO “OH HO' OH

MRAEEERRE LMK SEARE, #lw:

HaCOCO, ,OCOCH;

B
Q" N

O N
H,COCO" OCOCH,

HICABRiK: Lk 1-HFEEROAREATD, HBRETRESEEERY
RENEAEREHEANTH, 28T EEMMA AT, ATRET & tamr
BA4NHNBETEE, BEKBREGEL2, FHTRNHET. S8R, 3 TFK
MR VREE, MR MABEREEEER.

6.3.4 FREgAY{ER

EhREBEARNT, BRMNEAREZEN. BTHEIEBELEYEY
g Rsh, CEAENURERTEE T, F28UBRXE, TEAREREL S
FIEH . MEEMRA ZEMREET, TEAREEERE AR A B,
IR RN, EXKBRNT, HTFRBOEE, FASTFRERR
HAEMBE 7. FRECH, MBS D T R E:. e
ML ESSREWESYHSBRTFNEEY, ek E,
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KB T K0 40 16 3

MR E N HARKBEHERAEN, WBRE RN TAKME, WREBRNAEF T 55
EFEhL. —BATHRZEALVHRRKEE 10045,

LR ptha] ARTEH AR TN =0 RAREAHERBIEIE EALZS 2,
3P EETAREAS RN 1-EE-4-BREERMN 1-HE-2-8-4- B R ER
HH &G RNEK 6.6:

F®eo6 WA —ERETLLE. mRAN I-EREBOBREML, Hlas| %
FEEGHEEURIEBLI KBNS, BEdFRILBE, B EL
RUY IR IER P EEL .

St I-HEERAN -2 E-2-RERNREN, RFRBYHSIE, BF
BT 2-MRETFHRE AN, b -EEEREE, TEXSHEE;
BEABHBNERES, U EKERESEANIREZAL - EEER2EK
) 43%, BUERN 1-BEEE 144 (moltb), MEHFRTE 1-EH-2-REBMN
60% (mol tb). BE{LHHEIR/LD, RARHE I-HEFEGTLAY mol /)
0.3-1%.

% 6.6 AMHEMLT - REERGTEDHDRFREN
Fig. 6.6 Coordinated Hydroxylation of 1-Amino-anthraquinone

Derivatives at the Optimum Condition

0 NH,

o0

O Y

Reactant Product Concentratio  Temperature  Starter Amount of Amount  Yield
Y=H Y=0H n of H,S80, agent Starter of
R= R= (%) (C) agent* H,BOy* (%)
H H 100 180 K1 0.01 1.4 87.9
Br Br 99.5 170 KBr 0.5 0.6 97.5
Br Br 100 185 K1 0.003 0.6 98.6

*mol ratio to I-Aminoanthraquinone Derivatives

FRBAREAN R — AR, TEBALT 2R BARE 1 4R
EERATEMI AR, Bl 1 HE2 A ERR 12 WA B 445 A
BT, 18T %4 % b i SRR A A B B
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BAT IEREE 2 AR K-SR L s
6.4 -EEFREIILHEREL—EAM -58-2-8-4-8

EERHIZ

I-EEEREARL—hABRELBER -EE2- N4+ BEER, £
BEHRSELRNIIANGEEY LTS . WS RE, Ll 1-EH2-
REE R FREREARN, SRRSO ERIAE 1:0.4—1:0.5 BB A& 252
SHBRKIR. ZEH 1-AERBARLE, £KH% mol MRS, B
BUAZRHS, HERTERERNGERT, FIHRBMRLEAB R Y
SIEM, ERAERY, WA RWMBEOWE, HIOAW®, #I17 4-638 1T ih
) 32 FE AL 2 AT BEBY

FEHE ARG - EE2-REBNEH TRU. S FATERREMA
BOR R 2-RA-BERR, AU VEEERRLE, 4 1-8X24-78
ERfFENRTERKBRE. U -EEEE L EE, S5 EE, &4 TLC
B, £ 1-BETRLRAE SR, RETNEEL80 -AE 24" WER
E, EATEPESYOTRT, MARERRASHBEET 9.5%, &
IATRER, PILAEEEBIBAE R 96.2%M |- HE2- B4 BEEE, LTy,
ERGRRRWAHT, MEAEND 1 1.05~1.08 B, [-HEERATRNS4S,
BN 1.2-1.5 BRI EE TR ABEEN T @&,

6.4.1 ZEHZE

T 250ml = AN 22.3 7 1-EEER (0.1moD) & 45 & 80% %,
Hi & 75 CHRABHE, T 5ARARM 172 HEE (0.107mol ), 1£38 M 5-6
AR, BB RS, - EREERS BT 1%, BHE 60C, A 175
5 20% KGR K 3.7 R (0.06mol) F 170°C T 17 7-8 /i, 2 o
RERBBHE LRI RS BT 1%, ks, 3w, KicaEs,
B29W I-HE2-RA-BHER, MEF 06.2%, %K 94.1%

6.4.2 £Ritie

ERELBREM L, HTT SR TERIFLR.: & - ELERET 2142
BEEK 80%MMT, 75CF, S/ AMIMERLA 1. 1.05~1.08 HEZE, £
RS Do, BHIZE 60T, A 1: 0.6 BE/RELWIBES I 20% R 105 B 1 v
FiBWEE 99.5%, 170CRN 7~8 /N, TLC MBS % h ik, %
R T L FIr-RIAH 945%, 7= LRk 95.9%.

BT AR BT M I ) TR A R B BT B AL B, W TR R )
B, CREEEWAREAERL, TUME 1 1.05~1; 1.08, SHAL 5
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NEH T AR 208
BEN AR R RAE ML, FTZERERRE AT AT —# %
MK, RE 6.7, HETRENBAMRD, RETREMFHE, KEEH
WO THBER, BETIF.

#6.7 1-EE-R-4-FREEMAR s
Teble 6.7 The Comparison of The Different Preparation Technique of

1-Amino-2-Bromo-4-Hydroxyanthraquinone

Method Two-pot One-pot This work
Yield (%) 38 94~96 94~95
Purity (%) 91 92~97 95~97
Mol ratio of |-aminoAQ to bromine i:1.2 1:1.5 1:1.05

UATZEHN -EE2-R-4-BEEROS UL 60, 55 5M5ey
B~ ARRE. WERURRMERI, RO SHEREHFEN, &
TZ2HBFHT e,

6.5 A

6.5.1 MEREH (TLC) 4 K%
BlE: FHER G 2 GFse ABIHI,
ReFTH): FE4K: PE: WLBE: DMF=60: 10: 8: 1.
B <EEWES.7:

N
A 23 A: 1-Amino-2-bromo-4-hydroxyAQ
_ B: 1-AminoAQ
. & C: 1-Amino-4- hydroxyAQ
{ D: Original spot
. @

Ee6.7 TLICEEREHR
Fig. 6.7 TLC Chramograph

6.5.2 BYAEEIE HPLO) S AZ
fifE: ODS Hypersil ¢4.6X200mm
M. FEE: BB = 98 : 2 (V/V)
MiE: 1ml/min
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FHAE VAR 2 VAT EYN o K-Sl e B R R AL 5T

R 254

EEAE: HRA—E

HUENF: 1-HAEE, |-FE-4-BEEE, |-EE-2-R-4-2EEMRE, 1-
BE-2-REER, |-8E-2,4-"REE

6.6 XE/GE

1. JTRT —I |-EEERATEWIE 10055 BN F, DU/DR®, M. sl
R AEHTIR, HWMEAECTIE 465K FEARKEE, —
B L EREARFEAR, THE T B XML FEE .

2. AI-RHEREAER, BAHN51RM, #iL. KEMELFREZEL,
FERARAE T & R 1-EA-4-FBZE BN X 87. 9%,

3. LI-KE2-RERNIER, EMRFEMRLHSIAET, 3% 1-85%-2-
REER: WM. BAHKEREEN 1. 0.6: 0.5 8%, T 99.5%WEN i,
170C F —HHETRU-KE-FALAZREL, G0 1-EE-2-8-4-BHER
ERARG T RIZE 97.5%, Pk 99%. nABLEES| K7, ik
MABRFRAHDN 17200, He]EF FRFEEFWE,

4. L 1-HEERARK, T 30%HIGMEE+, WAEE/RIAN 1: 1.05~1: 1.08
P ISCRI, R HERRIKER 99.5%/5, HEHIT 4 BEMN, -8R
R-4-FREERWERE 94%, 4EE 96%. %iES5HMAEE T MY, T X
BENERRKRNAEAR, BIAUTIE, BOTZEER, FREH TS,

S &30k
1] BIOS 1484,5

1
2] BIOS 1493,8

3] BASFA. G JP 78-120740 1978

4] K. Kato etc., JP 78-135962, 1978

5] H. Dittmer, etc. DE 3415917, 1985

6] Sumitomo Chem. Co., JP 82-2249 1982

7} MR, R Tk, 27 (53, 6, 1990

8] JP 56-163151

9] B, LI EHLER p.s41 PEALIBEH, 1998, JEIT

(10] FEER, PREMELERTEF pl36 (b2 DB, 1984, 6T
11) ®=#aY, BB, 326, L THRM, JE3X, 1994
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REATREWL2HRX

E+E REBMNARIEZRRMFHRENMR

REABTERAMNEZES EE, JLEAAFEZE S ERDB M R E
AESHAEEOREBRS S HET Ullmann RS K. BREEWH 1-8
EREERAEWENL., BUWHIHB. M BEAL 7 507 40 A 71 v 0 R 4B B 86 3 7R
Mgk, IEWNERENKY, ELEESR, EMMENERESE. W

FAENTEME, EREMTRIE Hi—RR A 15554,
AEATEMAERNRERORBEANT, F M0 e

(HPLC) IREMBRZEZSHNRABMRNMIE, RUT 1-HAEERE-24-
TR EREIETER KB - RUELARER. EHREELTGE
MR FHEREMLE, R THEHANU - EEERE-2-HRY 1-
BEEM-24-"HBRERBZHNEABEKREMNALE, RAFRTRNE
B, WHRBREETRIABRMBWERILER 87%. WEILEREST 10%LL
X PR R RN W 2 AR R R IR 8 K

7.1 HPLC S #rAEB9MEE

HTRENMEE T, RN 1-BERBREN 2, 4B T eHE
B, BERAD 23 MEAEFHEMNHERAENLT, F#E8FEEIHH
. A ERN, KERE 2 Mi#7T, R2Z, HTFHEBEBEKE, ofl LY
figg B 2k ) LE B4 B 25 5 #E AT

H I-BEERERREBRETENL. RUEFIRE, —RLBERT,
ALE AN EaE, HEMRBITRL.

O NH, O NH,

SOzH
+ H,S O, SOS)- O‘@
o G
(a) (b)
O NH, O NH, <
3H
QO™ v, —— QU
0 Q Br

(b) (¢)

LIFORNEEE ERRNAFBRMEREE, BUSRTE -1
Ran -EEER-4-WR (D MESHEBE Y -HEEE-2, 4-
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FLE HEBKEGHRT SN NERYT

THEBGC)ISEE, BRIEES IR I-EEER--IERERER
BEKENAEALS RN EREFRESRE FBARE 9™ £,
—BERT, MEBEHNRERNSEERE %5 .

ATHARRERESBRPHEAMRBRULTEBERENATHRL, XH
HPLC g Nidf. HifR2HE HPLC 4B &M N IR L RY
it L E. Ak, #l& T —HiReE
RN E.

RTRAI-AEER (a) RELSWERM () A LA AL 96%A L& KHT
# % HPLC MIArFEsT, RRFHFERFE T
(1) 1-®|JLE8R-2-%8k (b) 47464 & A&

~RAER-I-FHR (e FEAAELR G AEMNEHELESE, MBEXERS
g, R, -EAEREFTAHAARY, TOOCHAK, AARMAM, ARE
120C KL fL Sh, MKERAE K& (), ANaOH ¥R EF M, RiEAREREY,
Sdpssd, LREF AR, AREEA—IHE, FARBRELAARL, BE
AAEF 1-A A EA-2-48 (c)4hdb. 'HMR 4947 Ha(d 7.84 1H,d), Hy(d 9.40
1H, d),Hs(5 8.23,1H, d), He(d 8.14,1H,d), HeHs( d 7.91,2H,m).
(2) 1-RAER-2,4-=—58 () 1715454 A

H1I-BEAERA UK BHAMKAEHFN, LARERERTHA, M L&
EXFRENTH. ALERAMARRKMERY DR, HFTa-SARALE, 8h iR
BEAe, RBEECERLH 8L, REPT:

NH, NH;
S0sNa

SOME + N2y SOy —» + NaBr

O Br O 503N3

(i) (¢)

AL AR -RARR-2,4-— BB, BFARBRESLHAS -EL
BBR-2,4-— &8k (e) b b, "HMR 9 47: H: (0 8.60, 1H, s}, H:Hs(d8.09, 2H, t),
HeHq (B 7. 81, 2H, m) .

(3) 1-RAE-2-ZEMR () FHaHEK

RFEEFAEHNE: -RAERAEN% AL ARBTE R ER A, —R 1L
VA 1-BE-2-RERLE KIS, wBRAEII% A LMY R E, I —214 & 1-
FA-4-LE@RGTFRK,

I~RAERESI%EBP, FI5CHE,) TS LLOSHEERAALARE S,

oy H5 Hy

] 80%1’12804 Br
ot

|

o O
FIDMF =k 4y, BEMAEH HPLC AP EF, FH 5 98%1-F4-2-58
B8, '"HMR ##: H:(37.36 ,1H,m), H. (D 7.94,1H,m), Hs(® 8. 13, IH, d),
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NEBRT AFHEFNRX

HR( & 8.22, 1H, d), H6(D 7.84,1H,m), H: (D 7.89, 14, m)
(4) 1-8 K -2,4- =8 B8 (h) AF4F 658 nL

NH» He
Br SDVBHESO4 Br
+ Bry - + HBr

o O Br

-R A ERAESI%AMY, TI0CESTHRA L2GEEFRLEMN I-AL
2,4~ BE, A DMF €4 & @A 4 &, '"HMR 47 H, (D 8. 18, 1H, s), H:(d
8.16, 1H, m), Ha(38.10,1H,m), HeH:(D 7.88, 2H,m).

Eik 1-RAER (). 1-RAEM-2-58 (b)) BAB (). 1-A LB, 4-
%R (e) 1-RA--BER(D. A 4-— BB (WX LEFHRIE
MAREI B L 95k Loy X &, AT A4 HPLC A4, f2h TR 2, 34k
AR GHERNE, BATALASMKA -EM LT ZEAKS, +RBLER
AL EHEEE I-ALAER - (DL LS AL ER(8)H
MATR AR, el a-BRiLhEAR PG KBS, 1-RAER-4-BE
(d) RAE A F ik R AE .

(5) 1~ AL EMBR-4-B8 (0) #HHHER

1-RAER QA MBBPHRL T E7PHE I-RAABBR-2-518 (b)), LRA
1-AAER-2,4- B8 ()P I-RELAER-4-58 (D), L a8 oz LMK (b
Fo () LHARLED R, EBMURESHTHTFAE UL T AHE 1-BABR-4-5
B8R (d) &7 R G B ),

B it HPLC 33 I~RAEMR-2, - B8 (o) LB AL P 69K M, T vl 17 2
1-RAEA-2-BE (b)) &g (d). E#BE (d) £ — S KBF, TLEK
1-RAER (a), TIHAMW (d) 2 1-BAAER-4-58,

(6) 1-&&E-4-:8 B8R (g)

O NH, O  NH,

@:@ + Br, - d;@ + HBr

{2 O Br

-RAERAEIUMNABR T T IOCHREHARET LN, 2824 & 1-A K4~
EEER(g), @it TLC 4R LEE, 1-EX-4- L BER (g)&Fid 65% 4 &4
FHFEESE: ARE6H 1-RAEMR (b)15%, 1-AK-2-:8 B8 (F)2%, 1-f &
~2,4-—£ B (h)5% A DMF $¥3#EM#ATELR, HRA[HER, 24
HPLC #4768, THRIBEZFHEME I-REA-4-LEBR () 9K Gat g,
ARDBERNAFEPFREREREBEEER, XA T RHEBE T HPLC 4
. BMER T E&HFMT:

& SE#8: Spherisorb, C18 i, Sum, ¢4.6X200mm:
MEhAH: SORFEKER, & gL +ARE=ZFERLE,
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B REMOGRTE RN PITER G 9T

M#E: ImL/min:
MK 254nm
F Lid HPLC 2 B &G4 T &= FEBENRALER 7. 1. XL &H L2
PA{s & 20 43 5 IT

£ 7.1 REME WP & A 2% HPLC F 1R B Bt 7]
Teble 7.1 The Retention Time of the Main Components on HPLC

Code Mime (min')_

(a) l-Aminoanthraquinone 7.52

(b) l-Aminoanthraquinone-2-sulfonic acid 13.32
(¢) Bromamine Acid 18.24
(d) l-Aminoanthragquinone-4-sulfonic acid 8.14

(e) 1-Amino-2,4-dibromoanthraquinone 30.91
(f) 1-Amino-2-bromoanthraquinone 21.37
(g) 1-Amino-4-bromoanthraquinone 10.49
{h) 1-Aminoanthraquinone-2,4-disulfonic acid 62.22

7.2 -2 EETR-24-“EHRELAIAREBYFTETRS

7.2.1 BERYIR N
H HPLC s MR MR =W RSB e aT UL R L, B3 — 3 4 g

W sHEd, HE8XH:
-2 2% B - 2- T R | 45-50%
I-EEBR-2,4- R 30~35%
I-REERE-4-H%. 3-4%
I-HEER: 1-2%
HoAth 22 BRAL ) - 14-16%

Byt aib T4 20081-RAERA 1008 LWHL 7502 20%L MMt ds  , #
w2 130-140C, RBERAA, EHEI-REERARN L HR S,

B LRBRAEREZERN, REBHWERTTIA 72-75%, T 1-E X E G
“2,A-THEEBEN S B RABRE, TR, 1-ERER-2, - " EHAERL
SEFRUTREAHNRER. HRE I00%KMED, |-SEHHE-2 4-
TERERNGFET RN REBR AR B ICE.

b

7.2.2 1-SEER-24-"HB8R4W
ALK 1-BEER-2, 4-"HBAERLI B R A &4 Y EER, T
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KBTS0

AERN 99%) I-FERRE-2, -8 ), FEHRREBRNBILEMTT
(£ 100%MIBRER P, 8OCH MK ), #HiTRb. HPLC BRERI (B 7.1):
fEE RN EREK, KNP 1-EERR-2,4-"HBRSE4LAWE T,
FEYIRER (c) AMEm, ARV PETES, F -EHER-2-T4
BB 1-EERE-4-THRR (OQFHEN I-ZHEER@GE) 8. KRN 15h
e, 1" 2 2REB-2,4-ZRB0)MNELEN 94.89%, P RER ()
&R 75.72%, I-AERR-2-TAR D). 1-AEER4-HE (O 1-8
EERQQEPFEKIKNY 3.84%, 5.11%H 0.31%, #H - KM= (3),
BEAN 6.00%. HMUXARMYNIZE I-RERER4- BRI BILZH—
I-Z E-2-IR B PR-4-TH R

100 —— (a}

80 — A— (b}

60
—-A— (D

40 |

Content (%)

—F— (¢}
20

0 =2 o g ® e K (h)

0 3 6 9 i2 15
Reacting Time ¢h}

—O0—{i)

W71 1-EEEER-2,4-HRRALIEP R AL
Fig.7.1 The results of HPLC Tracing for the Bromination of 1-Amino-anthraquinone

—2,4-disulfonic acid

EREERNE: PR~ 1I-EEBBE-2-BRO). |-EXER-4-B8
(M - FEERG@QWME, RRNEKBELRE: M 1-BXEEE-2-5
B I-ZAEER4-BENTEHELE MU TREGSE S, RIEE %
hiEH & B = N 4 1E .

A, TART 1-ERER-2,4-—HRBELAIABEBEH T alliiE

-RALR TR
NH,
E::IEE:EéEJ,SOiNE
o \ CI%
O SO;Na +H}§ Of::&jl]?

0 503 Na



BEE REABNSHRTERRNHEOVI

7.2.3 1-HEREE-2 4-"EEA7KEE |

A TIEMR LRV, AT -2 B EB-2, 4- B (h)7E 100%87 i
B, T 80OCKRMN, AMERE, 16 MJE, (h) kN O®AT S, H
THIS3%AERT 1-EREEE-2-TERE(b), 12%4 A T 1-F X2 & iR -4-1H AR (d),
BE —RREEY 1-EEEBQAER (1.6%), LK AKBEER, R
ELEBI-EEARB4-HABRSEKBRI-HEER. L 7.2

RT2 1-HBEEE-24-"BMA 100%5E B+ A KEIT A
Table7.2 The Hydrolysis Behavior of 1-Aminoanthraquinone-2,4-disulfonic Acid by
100% sulfuric acid

Hydrolysis Content (HPLC area) %

Time (h) (h) (b) (d) (a)

0 99.05 0.95 0 0

8 72.64 22.04 3.45 0

16 0.63 83.06 12.04 1.60.

24 0 83.67 11.70 2.60
RI2HWHERBAET

1. 1-EREEE-2,4- 8 (h)7E 100%3 7 BE o o] LA & 4 B8 R N .

2. BB o-BREE BN SR, RPo-MREP-MBREAEE L KHE 6 17
Ef. —ELE5EHBEBREERFEMN.

3. MUK LR E RN, FHIBHA 1I-EREER-2,4- ML KK
-RUERRIABRKHRERTER.

4. 189 80% LA £/ 1-HEBEE-2, 4- " THRBRE 100%5% &8 0 7] & 1L B >
RABAKBER, AXEHT “FURS” BEE, KT K
REBRK -EEEME-2-HEKB (b)) M I-5EEE-2,4- ™ (h) Y4
ERBARD, EEAHEBEUERNTIARTERNERER AL S, kA
BEALZPEH - EEERRELD. - EREE -2 HBBESH A

7.3 BI-2 & EMHEFRB[ETIE

K EAER: BUNEREUNTrEERE, BAUNS 1-BEHE
fE-2,4- IR EA MOMEHRRER, KRR -8 AR & RERK
ML ZHBmET —RINNFTEZLZHNHLRR.
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KIEEE T NS 12 5

7.3.1 ABERMBAOREN 1-E2ERELF
REARBNKENBUENRERZWE K. SEBEMBREEL R 1.
4.5, RIATEERICE 4 B4 5%, 10%. 15%. 20%6f, 130C FEREHL K
MR I-EEBR-2-HROG) . I-EEER-2,4- BB (h) . #JF 1-
REBAR-I-FRBAODMEAEZERGOBEE. SR LE 7. 2A-D:

100

a0
<

—— (b}

=0 (h)
Ar— (d+])

—¥— (a)

oy
Ly,

.
L

Content (%)

[
=

=

Reacting Time (k)

(A) 20% Oleum

100

80 -

40

Content (%)

20

0 1 2 3 4
Reacting Time (h)

(B) 15% Oleum

100

Content (%)

Reacting Time (h)

(C) 10% Oleum

26



RLE  REROO R T E MBI 5T

100

oo
o

N
=

e
-
|

Content (%)

o
o
T

Reacting Time (h)

(D) 5% Oleum

B 7.2 1% RER F AN R R A M B R A B A
Fig. 7.2 The Consistent of Sulfonated 1-Amino-anthraquinone Products by Various

Concentration of Oleum

FEE RGN, RNV BIER, BARESM, -5 E
BE-2,4-" B (D M BB L, BE 15%L0 b8 &k B & E 5 o
AR, 1"-EZBR-2-AR OB -84, BREHF I-EEEE
2-THMEH DA -EEERE -2, - "B, BUES (b) +(h)
Kl KE7 A2 209 B BEILE A 78% (4h) | I5%IAB B AL % 91%
C4h), 10%KHEE 5% (0 B 4 90%(8h), M7 S%MHEE i1k 8h it M H % B 4> 83%,
BN EMHEYLEM I-EEE RS REL,

1.3.2 EHUFETHLELER

WRIELERIT®, 1-BREEEE 5%REKHM, 130°C T4, H
HPLCERERN#ERE, LBIFH, H 1-HEEBE T 3-5%0, &XNm4G
(I-FEER-2-HEBRAN -EXEB-2,4- B2 MZIE AE, B4
BLL WAL . M, BEUYEHBRAN.

I~-HERE-2-T58 . 64~ 66%
I-HEERE-2,4-"HE: 25~27%
I-HEREER-1-THR. 2~ 3%
- 3B R 3~ 4%
L IR 3~ 4%

7.3.3 BRBSIKE X RS R R0
ELWHELRB/RT I-BREER-2,4-7HEBE 100%5 8+ a7 L
ITHRERN, HEERE, Tleh A EABB2L.
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KNEBRTRFHLEMRY

iR R BT EBEEEREBKE TRHRERN. 100%H B 7E
LARNFPRMEREHR K, FBREEATEBET 2 UAEED.

O NH,

0 NH,
SQO;H SO3H
SOOI SSSaI™
O SOjH O

FEATITRBEMNBRBEB RN, £ 70~-85%MRBRITBRESHIT, 1-8
HEER-2,4- “ R (h)7E 80%RIMEEF, 80C RN, KH 2 fJ\HTHME?}EE
BiEE4A, Ko s9%MMEAR -REER-2-B%0), L . 4R
1- ﬁ%ﬁﬁﬁ -THEMNRNEEEHR K, B4 1- ﬂﬁﬁ‘ﬁﬁ -4- ﬁﬁm(d)
MRNEEEHR K, AH 1S,

100 =
—8— (a)
80
§ 60 b —— (h)
5
E 40 ~2A—~ (d)
20 ¢ —o— (1)
)

Time (h)

M731- 8 EEE-24- A OB KN (80°C)

Fig. 7.3 De-sulfonation of 1-Aminoanthraquinone-2,4-disulfonic acid

in 80% Sulfuric acid (80°C)

BRI O%MBMPMELEM K/, BE, 7£ 0% M #1781k
RMNHEZELRBR (EEERRREEN), BEEFRNB#ITES, 55
TREENY 10%8 I-RERRE-2-FERREUMNE, ST AEN 1-8
B2 RER"E, TREZEMNRERNEERK. XWELEREHNEF
MK F2100% MK FRALKFRE,

EaNREBHNIEY, WRBELE, BRBRERESRE 0% H1T
BN, DA NAERRERENKRERRBZE 100%, UFRILRN
ERRHRAEARRER, LN KERBRER(A NELBHREBK 41),
T LB LEFEMNE.

ZEFOBRKGFERD 5] LML, 180t 295 09 55 7 i 47 i 14,
R T 7E 9% P I-FERBME-24-—HEHEBRN (B 7.4),

o8



FLE  REARNO KT E MR DI

-8 (a)
S —6— (d)
|5
& —A— (b)
—o— (h)
0 | 2 3
Time (h)

B 7.4 1-REEE-2,4-_BME OB IHBBRN (1200C)

Fig. 7.4 De-sulfonation of 1-Aminoanthraquinone-2,4-disulfonic acid

in 99% Sulfuric acid (120°C)

T EREZFHT, 3h GRERE, -EEEB2-HEBESE 82.49%,
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