2,4-—R =R BARHEHLH RN FEHF.
&FMﬂﬂm SR

mE, A EHmE K e
(1.7 Tk K FILTF1R, ,i300130 R ETAFEANLIHARE L F K # 300130)

FE B 2,4- & =5 2K (2,4-DCBTF) b SR , R T RN 25 R B AILBE S a2 o 3 ok 0 ok S S0
T RAET Y4 :n(2,4-DCBTF) :n(HNO;)=1:1.1,n( HNO,) :n(H,S0,)=1:6.5, LW i B 60°C , B3 & 300 r/min, [T
MiFF(E] 3 h,2,4-DCBTF B AL Hy 90% ,2,4- —50-5—fiFFE = JH 7K (2,4-DC 5-NBTF) BBl ik 91%, %5 BEiZ s e
(DFT) 15538, R M HLEE N HSO; 7 A8k, NOY HEBCRIF Lk | 5 HSO, FFHUE WA & 4=, £ i 2,4-DC 5-NBTF Hy #6442 RE
A%, SRS AE—8, MR AN -117.72~-121. 11 kJ/mol, $i{FEH R KT 280 r/min J7, Tu{ﬁﬁ‘r‘%ﬁ%ﬂﬁﬂfﬂﬁ
K BB MTSR B I 1 AT R 0R TR, Al M IURka (814 1 b, RN RCR =, Ho R SR RREE A il S5 1 B 1w 1R 38
(MITSR) #5455 S Ak et ) s A e | 5 g 003 e EL SO FAXUBRAIR o

E4RIA 2, 4- S TP R iS4k SN 5 I AILER ; DFT; MTSR

HE 525 :TQ203 XEARERG A XEHE:0253-4320(2026)S1-0100-07

DOI: 10.16606/j.cnki.issn0253-4320.2026.51.018

Study on the reaction conditions , mechanism,and thermal safety of
2 ,4-dichlorobenzotrifluoride nitration
WANG Rui-zhi', BAI Wen-shuai'”" , TAN Zhao-yang'*, ZHANG Bo"”’

(1.School of Chemical Engineering and Technology, Hebei University of Technology, Tianjin 300130, China;
2.Tianjin Key Laboratory of Chemical Process Safety, Tianjin 300130, China)

Abstract: This study systematically investigated the nitration reaction of 2, 4-dichlorobenzotrifluoride (2, 4-
DCBTF') ,focusing on the reaction conditions , mechanism ,and thermal safety.Screening experiments identified the optimal
reaction conditions:n(2,4-DCBTF) :n(HNO;)=1:1.1,n(HNO,) :n(H,SO,)= 1:6. 5, reaction temperature of 60°C ,
stirring rate of 300 r/min,and reaction time of 3 h.Under these conditions,the conversion of 2,4-DCBTF reached 90% ,
with a selectivity for 2, 4-dichloro-5-nitrobenzotrifluoride (2,4-DC 5-NBTF) of up to 91%. Density functional theory
(DFT) calculations revealed that the reaction proceeds via an HSO,-induced nitration mechanism, where the attack of
NO; on the benzene ring carbon and hydrogen abstraction by HSO, occur synergistically.The pathway leading to 2,4-DC
5-NBTF has the lowest energy barrier, consistent with the experimental findings. The measured reaction enthalpy was
approximately —117.72 to —121. 11 kJ/mol. When the stirring rate exceeded 280 r/min, mass transfer effects were
eliminated ,and both the maximum accumulation degree and maximum temperature of the synthesis reaction ( MTSR)
significantly decreased compared to lower stirring rates. A suitable feeding time of 1 h was determined, which further
enhanced reaction efficiency and substantially reduced the maximum accumulation degree and MTSR compared to shorter
feeding times, indicating high reaction efficiency and low thermal risk.

Key words:2,4-dichlorobenzotrifluoride ; nitration reaction; reaction mechanism; DFT; MTSR
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