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Abstract

As a core basic raw material in the chemical industry, the quality of sulfuric acid directly affects the
product price, storage and transportation costs, and the quality of downstream ammonium sulfate
products. The preparation of 98% industrial concentrated sulfuric acid by the wet-process direct
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incineration technology has the advantages of short process flow, thorough treatment and high re-
source recovery rate. However, nitrogen oxides (NOx) are easily generated in the process, which not
only cause severe corrosion to equipment but also deteriorate the crystallization quality of ammo-
nium sulfate. This study systematically analyzed the three major formation mechanisms of NOx in
the process: thermal NOy, fuel NO, and prompt NOx, and deeply investigated the causes of abnormal
color of sulfuric acid. Corrosion experiments of carbon steel at different temperatures and verifica-
tion under industrial operating conditions demonstrated that hydrazine sulfate has a high-effi-
ciency removal effect on NOx, can significantly inhibit the corrosion of concentrated sulfuric acid on
carbon steel, and achieves the optimal treatment effect at approximately 85°C in the first absorption
tank under industrial operating conditions. A small amount of hydrazine sulfate can restore the nor-
mal color of abnormal sulfuric acid, which provides an economically viable technical solution for the
quality upgrading of the wet-process direct incineration acid production technology.
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Table 1. Relationship between ammonium content and nitrate content
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Table 2. Effect of ash content on the turbidity of sulfuric acid
+* 2. MY EEXTRELERE M

W Bwi%  w%  Bw% O Rw% O Bw%  BwY%  BwY% Ko wY% o Fif
>98% <0.10 <0.01 <0.1 <0.05 <0.01 <0.2 <0.001 0.003 BiE

>98% <0.10 <0.01 <0.1 <0.05 <0.01 <0.2 <0.001 0.026 VR

(b)

Figure 1. Color of concentrated sulfuric acid with different ash contents, (a) Ash content: 0.003 w/%; (b) Ash content: 0.026
w/%
E 1. FE&RS&ERMEEE, () &7 0.003 w/%; (b) K535 0.026 w/%
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Figure 2. Corrosion behavior of carbon steel after reaction with hydrazine sulfate and sulfuric acid at 25°C, 40°C, 55°C, and
85°C: (a) weight retention rate of carbon steel after 72 h; (b) color change of sulfuric acid over time at different temperatures;
(c) color comparison of carbon steel after 72 h

2. FRERBAFIARELTE 25°Cy 40°Cy 55°C. 85 CREEMEINEIMITA, (a) BN 72h EERFFE; (b) TEIREL
KEHE T RBERE AL ; (o) 72 h FERNE B ITEL

DOI: 10.12677/ms.2026.164075 85 FHELRL


https://doi.org/10.12677/ms.2026.164075

MR %

ML 2(a) AT A, BEIREE T, BRI B AW A P P 25 s s I BE X TR R A S MR B &
RN, BEIRETRR, GRERMEXT AR A B BOR I R, BN P R g, LR SRR SR
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Figure 3. SEM images of carbon steel after corrosion by the reaction of hydrazine sulfate and sulfuric acid at different tem-
peratures, (a) 25°C; (b) 40°C; (c) 55°C; (d) 85°C
[ 3. MEEMFARERERREIRE R MEXHRRNEMER SEM Bg, (a)25°C; (b)40°C; (c)55C; (d)85C
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Figure 4. Corrosion behavior of carbon steel after reaction between hydrazine sulfate of different masses and sulfuric acid at
85°C, (a) Weight retention rate of carbon steel within 72 h; (b) Color change of sulfuric acid after reaction with hydrazine
sulfate of different masses
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Figure 5. Actual temperature conditions of the first absorption tank and vent tank within one year
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Figure 6. Decolorization effect of hydrazine sulfate on sulfuric acid solution
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Table 3. Comparison of quality indicators of 98% industrial sulfuric acid before and after hydrazine sulfate treatment
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Figure 7. Effect of hydrazine sulfate on ammonium sulfate crystallization: (a) micromorphology of ammonium sulfate with
hydrazine sulfate addition; (b) micromorphology of ammonium sulfate without hydrazine sulfate addition; (c) macroscopic
image of ammonium sulfate with excessive hydrazine sulfate addition; (d) macroscopic image of ammonium sulfate without
hydrazine sulfate addition

7. TREEMEXTIRERSR LSRN, () HIMTRELH EMERSZAMNAER; (b) RIRMMERHAMBREMAEIR; (o) &
M ERIMEREIZNRNEIR; (1) RFMFERM ORI AV EER

ZEWONS EIFALL R AT NS5 MR PIRE ORI, X TR Sl iE . SiAE
Lo R WP TE R, AN T PURIR B (1 15 27 57 i i

4.6. RELHH 5 EAE FFIBERRTEL

DNIERR BRI S AL A, B RE SR A R AR o IR, Ry P e 5 T (RO AT L S G . S
BOHL 100 mL iRERER, 40 ldsin 0.8 g BERF(EE/RIKEE 0.06 mol/L). 0.37 g JRE (BE/RIKFE 0.06 mol/L).
0.55 g FRE(BE/RIKSE 0.09 mol/L), M Z 85°CIfHi k2 il 58 W id, 1HIRORFR 10 min J5 V312 =i
B S5 R B N R BN VAR, T I AR, AP E R A, IR D 72 /NEE, 2R
8 7R

EBRARIRRE 72 /N B R 2R (1] () PI AN [RISEEE /R BE 264, IR AL B A B R
REMT RN, ERIREAERETERE, HEERRFRKIDMIC, SUBRNERZERP R
A PR SR k. RPN EL A R (A 8(b)) o, BRI IR TC W) AR O, TR IR PR R A I B
AR, R 3R A BEAR U b SO BN 1S Tk 1 O

it BRI RV, RETCIEA R ARIRER IO BN B, B R U P s b ot 5 e 2,28
R EZERTHIMEEFIRE, BARBE TSRS,

4.7. (FAREEBRAZE

HATARL Rl 5, [ 100 mL WKGRER I 0.8 g MIRME, 7B KRR NO & &, A XIRFAR
BRP= AR T . RS, BRERER TS INGRERIE 4.35 kg FZ R ML g™ S B0E KSR R S iH 5
Tl g5 & 99% MR R IR I Fr8ifase 78 11 Ji/kg 72 47(2026 4E 3 H 8 HEHE), #EILZSA, My

DOI: 10.12677/ms.2026.164075 89 FHELRL


https://doi.org/10.12677/ms.2026.164075

MR %

TR AL BE B A 3 i1 47.85 TT

(a)
99,96}
99,54}
S 9912k
= L
98.701 —s— 0.8g il
t —8— 0.37g RZE
98.28} —— 0.55g JR&
1 1 1 1 1 1 1 E
0 12 24 36 48 60 72 1h  12h 48h  72h
Time (h)

Figure 8. Corrosion behavior of carbon steel after reaction of different masses of urea with self-produced sulfuric acid: (a)
weight retention rate of carbon steel after 72 h; (b) color change of concentrated sulfuric acid after reaction of 0.8 g hydrazine
sulfate with different masses of urea
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