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Integration of Science and Education: Investigation of Tributyl Citrate
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Abstract: Research and innovation training is a compulsory course for undergraduate students in science and
engineering disciplines, offering a comprehensive application of theoretical knowledge in scientific research. It plays a
crucial role in developing students’ abilities to bridge theory and practice, design research projects, and independently
analyze and solve problems. This study applies the synthesis of tributyl citrate in hydrate molten salts to research and
innovation training, guiding students through the entire process of project design, including research background,
project proposal, experimental methodology, and result analysis. By conducting this research, students have
demonstrated significant improvements in their comprehensive application abilities, problem-solving skills, and
independent research capabilities, achieving the desired objectives. Moreover, the study has identified the optimal
process conditions and promotion mechanism of tributyl citrate in hydrate molten salts, establishing a theoretical
foundation for industrial production. This integration of teaching and scientific research serves as a mutually beneficial
approach and deserves wider adoption in research and innovation training.
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20155 558 T A T CHE B A JT R TR S AR BRI A R A SE it D), e
FOR M RCEAW IR G SN H, R ESEHE R (A e kg HEsh LA SN L,
NS E R I BORFE B EAR A, St A Wt — 2 B 1 QIR ML B R E . BT
M RFECFONL AT MRIEZ —, BRE TR BERZ —, ERIRKAAERIT I e
D177 BA A R R ERIER, RN RHIEEUHT I 2Rt 2 0 AR BOYT 2 BLS AHAM L A 28 & 18
HY, BENE I IR S Az F P 2 B R AN L M R A N7 7 B i ORI AR R 1) A e T, DL SRR 1T I
G KFHEMEE I, ERFRNHRAA T IC N EE,

A EERBE AL — B DARE IR BN BN A0 H BRI AR B g, BT 522 AR SRR RE T I 3G 7%, IR “ R
WRESEHTINZR” X ITTERIE NS LR AMB IR, R HHE R AR =R 088 — 2], RfEsfT “— 47
i, —AE—TE 7 B IRAEE, LRSS E R A & 10T AT B %, KRR I 2R R R
EALSAL, BAESFREAENPIIOH B, AR R . ALK SR AT ERIR =T
BEH) & B Fi N T2, BB TR AR R I Zh e, BRI 71 5t BRI . 3R
AR A TENES . SRR RIS S5 R M AR T T 5| 5 A 2R BEAT RO (W T AR
H A T8 IR A AR R A BETE L 28638 HIRE A 23 A ) LA R il iR RE 7, DA R S AR AT AT
B ELETFIRE 7T 30 TAE EEMCLF U7 T .

1 BB ST B

XF—AFRAE, FAETRITMNT T, AP A2 ZHEX AR, (RS ZIE B2
TR B SOTMG . DATERIR =T BRI &Rt 7eafl, & “IFER. 8. W7 5%
N RBE E B [ AN SRR, 7 AR AN TR, SRR IR =T BE A R E AR . SRR
WA R AT

PP =T B N TR EWR A “ 2kt PROREBHE 2500, A MA ey BARR. &%,
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ARG KA T8 A R PR AN RE % 18 08 5T 3 RS ARR E D), T H AT A R AR, IR SRR X R AR R
= TREMIE A > B A AR, PITMSHAETCB i #J7  BA AL S, AR VI R
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311 FTHER

FRIR —IKEWI(CA, AR). X HREIR — /KA PI(PTS, AR). IE T EE(BuOH, AR). /K L4,
(AR). HEMHI(AR). BIBK(AR). EALEE(AR). HAMHE(AR). RILEL(AR)S .
31.2 EREE

Fie b [ B (B A A e . IR VAU BE 0 = Do b it 47, SR TR i A& HE 4T
B, BRRESLIGIN PRI 2 B UK ECHIMSH, RIEIANCA. B, AL THE BT EE AL B o
3.2 SWHTEKESL

BEAT VR R 78 1 S BN R M RE S R E PRI o AT T v, IR RV “IREE , WA IE
WIEI AT 70, Bk 25 T A SLIR 45 AL bR dE . 51 S WA R AT B R = T i & B 1 5 7
MNEBERE LM TTIE, KA SR, A URECR BRI € 15 B CAR AL EE, BT SO AR e T
TEK W AT B8 R ALK R S B, TR SR F A B AL BN L BEAR TV TR BT R I & i, 43 T R i B 7R SR
AR W R T 7RG, 51 S22 R 855 BT 2% B A0 AT A S 10 5 M e VR 53R A7 bk v VA T 1)
TC b A 7 7] PR 32 956 AR 3 2 s )R O
3.21 SEAHE I H AR E

0.05 mol-L™! NaOH Z B i L il : 2.0 g NaOH M4 I /> & 1 BV i, SR )5 E X 221000 mL,
bR IE o

T 78 26 s 8 B AR 7 R %

HERFREN0.1 ghP R R AR T 10.0 mL LB, 7EFEBIBAAER T, F0.05 mol-L ' f)NaOH L
BER AT s, CARFETHIE T HpHE AL (E ).
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El1 CABWpHIEMENaOHEFEE K31k

HENTE H, CALEERVIMEpHIEZ H5.0. BNaOHIER AN, pHAE 2 1Z 8+, HpHAH
7E5.0-7.076 B WA 2818 fEpHAE N7.04 A R AERER, IR TF429.0, pHIE RELTE I N7.0-9.0,
Moy FK (14045 € S0 [ pH = 810, [H i FH By B4 A 4 5 771

F 47 R P UERFREL0.5 g 1105 °CHET 5 M 4R 2K — F IR VB BE E 70, I N20 mL/KVA fig 5¢ 4
Ja, W29 M R R R, R E SR B O T U N TR B, TE30 s ERE, B
N, RIS FSRE T E

B m x 1000
NaOH ™ 204,22 % (Vaaort — Ve py)
AT mA AR T PRSI T, @5 Vieon 9T FE FINaOHVAR KA B, mL; Vw2 (194 KEINaOH
PRAEVERK AR, mL.

mol-L™!
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3.2.2 MEXTERE Hol il e

FRYE BT BASCHR A, KEWIESA RS FAMER, Nit—PreEMSHERILEE, SIAT
FEXS PR FEAE ARAETFBL . HoBRFEM 2. B0 mLAF RN, HIA1.0 mL 4-ff 25 2K i 5 (100 mg-mL™"),
S JE PRI e 251, SR A0 -] DL 43 e 6 B T e VTR A, RIS B (2 A R B TR E SR,
T AWAE N Ao, SRJEIRYE A Tt 5 AN R Ho o

HammettpR %, Hofd H LA &5

Hy=pK [1]._+log L]
0 al™laq [IH+]

A
[1]= A_o x 100
[TH']=100-1]
Hot pK (1], =0.99, 4-F3EHRIEIHREN10 mg:L .
3.23 MHXITHE
@ﬁﬁ"li’%%j()fgu@ﬁ (77 2R (YR AR & AT T 5
X=="2"x100%

0

N

Y= A % 100%
0

A, MAIMor 531925 — I ZICAJE IR BUORITUR BE 7R ;- NN 73 53 T 14 SIE B A2 ol B 7R FOMT B i A=

4 SEIWIT

FEIFEAERAREE M EA SR T %, B S H RO ERAGR B Se 5, BTk it. &
FAES5RS2IEE, ARLIEHHTENOKEWIEERGE. RNVNSEARE. M. B, HEAFIm
HES) RN /1% . MSHIREAE VL EAGRIAMSHE S H . A RFTERER W& 5 T7
T HEAT VEARIE 5T
4.1 KEIBERITHIE

SEIGFECA 10.5 gfTIE T E#14.8 g, 100 °C/x M3 h, L& T ASHEFIMSH-3H,0H CA FI #6455 (F2) .
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NO 3HO  ZnCL3H,0 LCL3H,0 liBr3H,0 CaClL.3HO

B2 KEVIBEKRE
B2k 10.5 g CA, 14.8 ¢ BuOH, f£100 °C& M 5 RFEM KA YB3 h
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ME2ETE W ETAMNAETITE T, CASBuOHRIBEAL ) N B /] #E47, SN BA [ AEALAE
o KETIMNBEAR T BRI ALR, BEAMSHI A FREEIRE T CAMEALR, HIF N
CaCly'3H>0 > ZnCly-3H,0 > LiBr-3H,0 > LiCl-3H20, 57K &0 3k (1R B2 7 2 A — 21, xR i
MSH H & 12 &5 CAMI B A6 s BB A BB F R g E 51 5 2= A0 S FEMSHIF JE . B 6% e
BaAb =2, HIRFEEMSHI AR E M. A% B EHE, CaCh3H0M MM F s, 1A
2| 766.39%, CaCLEEM Z15F, JEMERAL, A PABLUR 8258k £ CaCly 3HLOfF 9 BV Jif -
4.2 RNSEHEIMNCA=TEF=RKHNH

IO — B T A I CaCly A LM AT & DL K-S YIE S 45 F oK B X TBC= %1
sZ M (E13).

82 F o 100 = e e A — =
| a - b -
80 -7 *r
L __ o~
L _ - - sk
0
. i d P -
S - X 70
o) -7 J
m T6F o
= | g o
e 3
- T4F = 50
) .2
.2 >
> P g 40 b
i —a— Without CaCl2 Wl — /= with catalyst
70 | . —&— without catalyst
— o= With CaCl, Y
20 -
68 I} i I} i I} i I} i I} i I} i I} 1 N 1 N 1 N 1 N 1 N 1
3.0 35 4.0 4.5 5.0 55 6.0 0.5 1.0 15 2.0 25 3.0
Raction time, h Time, h

80

Yield of TCB, %
Yield of TCB, %

, R G S S S S S
Dosage of catalyst, % o P Y S S O

E3 RMSETCAFNE K m
RS %f: 10.5 g CA, 14.8 g BuOH, (a) CaCl,2.5g, PTS0.75 g, 80 °C; (b) CaCl,3H,02.5g, PTS0.75g, 100 °C;

(c) CaCl,-3H,0 2.5 g, 100 °C, 3.0 h; (d) 2.5 g CaCl,'nH,O or water, 100 °C, 2.0 h

K3 (a) AT & H 7E ML TR B R A7 E 1 26 1F R CaCLI NN B & #2817 TCBII A= 3R, i Joi 3t
ITHI3.0hi, TCBRIF” F H168.96%1 5 4575.88%. K13 (b)7% WM AL 771 % BE 4k 52 S A e R IR HEVE
S82.0 hitt, HEALFI TN TCBIR P2 3 72,17 %3 5 5597.44%, fEALHIH BRI &, TCBH
77 2 o A A 7R FH B TR G SR IS S B AR B, e N3.0% (B3(e))-

BI3(d) g BRI, REKMAAIEAFT BN 1 IE R AT, E2 A K I TCB = %2 . 3 &
TIHKEE, X RBTCARE M, MELUAMETIE T RS, KPIAAET] LU fECATT H o] CLEdEH"
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PIELES, AT R T B AL SN 54T, MSHAMERT LY fRCA, 1 L5 IR /K 1 A2 33E 1 B 4k S B 1)
R EAT, BEFE &5 oK & B8N, WKW R S5, B TCBH) ™ # W1 /5 B R &%, A MSH
1) ERATT N ASE sz S 3 FE A= 5 P T PR T3 0 25 A ) T 6 A s 2 1) 1 1) 14T
4.3 AREETHERLSKEWEE P ELERE LB

N T 1 BHPTS AIMSHX Big 4k [ B IR #E 4 FH, 72 (CE)EALF + CaCly 3H 016 R, SEIR LR T
AN TR FE I TCB 7= 28 i A5 s 82 I 8] 19 32 46 (F4)

100

80 —&— 60 °C Self esterification
7},/ —&— 80 °C Self esterification
/ —%*— 105 °C Self esterification

60 | T

P
---©-- 60 °C catalic esterification

---&-- 80 °C catalic esterification

--%-- 105 °C catalic esterification

40 |

Yield of TCB, %
&

20 -

0.5 I 1.0 I 1.5 2.0 25 I 3.0
Time (h)
B4 ANFEERET HAEASEEKEY DB

N4 10.5 g CA, 14.8 g BuOH, 2.5 g CaCly-3H,0, 0.75 g PTS

MEATTE B, TEBAE M FICaCl-3H0 1/ 0L R, CAMES AL S 8% 7E60-105 °C 113 & 3
FRl Y AR 2218, MR INPTSAICaCly-3H20 LA K 3 iy S M FE AR 1 e BT, 54, TCBF= %460 °C
I SR 1.0 hiX N4.95%, 1 2435 5 TH 105 °CHF TCB= R 42 /5 £28.43%, N APTSHICaCly-3H,0 )5 #F
—DREAET412%. XL BE MR IR R AR A s BRI BE b I B A T o EE B AR
o VA 2552 DUUE BAMSHAT B A s N B A IR SR IR #EAE T, R4 (R AR F AL B A+ A8 2 5] %
SR DR R AL S SEATLER A 2 A OK S TR BNk R RAE 25 AT BEIR N B 7S .
4.4 KEWIEHE P IEERER R BYLE 5 BT

N HTMSHATCAS IE T BERRfL R BLR EAE A, SRt — DR T CAS IE T R A B M
telig b MoK A EAES IR EEE A . CaCly3H0H 1S4k [ B F1 CaCly 3H,O HH i AL g 46 (E15) -

MEISHTE W, fERA AT CaCl 3H0ME ML T, K ¥2.0 h, TCB/= iU N8.6%, UiHCA
5 BuOH M H #EALES AL S BAR M s AL N BRI T [ B, H X P A7 AL R R AN K,
S %2.0 hisf 1 L 19.9% I TCBr= % ; CaCLIIII N ZE R T TCBr* £ 540.2%; Hilre, RE
fE{EREIK, CAS5BuOHTECaCly 3H O R IRTT T 42.2% K TCBf= %, fECaCly'3H,0 + TPSHIfA 5
i, TCBF= Rt — B E £54.6%. XL REKICaClas CaCly 3HOMME AL 77 7] LLJE #ECA 5 BuOH
FIBEAL SR o — AN B BE 0 JR R R K A FEAEAR 3 T CAFEL B U HT, CaCly-3HOWR 7K AT 2 AH AR 3 1 i
b S 87T 1l IF 1) A% 3

R T =B IRAECaCly 3SHOX FRAL IR JEAE T, SEIR W E T R Bk R CARIBREE . PTSHR B .
CaCly 3H 0% £ LA K2 CaCly 3H,OXF A 5 AH X R FBE 1) 52 M (1)
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{ —®—With CaCl,'3H,0+ catalyst
60 —e— With CaCl,-3H,0
{1 —*—Only with CaCl,
504  —%— Only with catalyst
|l —e—NO
x
o0 40+
O
[
G
S 304
=
2
=
20 - v
10 5//‘
0 . 1 . 1 . 1 . 1 . 1

0.5 1.0 15 2.0 25 3.0
Time (h)

Bs5  AFRFMT KB R B

RBi%PF: 10.5g CA, 14.8 g BuOH, 2.5g CaCl3H,0, 0.75 g PTS, 80 °C/RJ

F1 FEBEBMPTSTECaCl SHOF X BE B Ho

RS Vi A380nm 1 [TH*] Hy
1 Control 0.964 100 0 -
2 CaCly'8H.O 0.996 - - -
3 CA+ H,0 (60 mmol-L™") 0.926 96.06 3.94 2.38
4 PTS+H,0 (60 mmol-L™") 0.23 24.86 76.14 0.50
5 CA (60 mmol-L™!") + CaCl, 8H>0O 0.37 38.38 61.62 0.78
6 PTS (60 mmol-L™!) + CaCl,'8H,0 0.0025 0.26 99.74 -1.60

H T CaClo:3H,O7E = il T WIRG FER 1, 5 (8 5256 R F CaCly-8HLO % 44 5 182 55 11 52 il >k HE
CaCl3HOf 154 . WKW FH H, CaCly 8H,OANREHRILIRYER +, CARIERFEA X HAK, PTSHIAHXT
R 2 °80.50, %8110, 4CAL PTS3l 5 CaCly 8HOFEAZ I, AH X R B BEAK 220,78 F1—1.60 ., 1X S 2k JLi%
R, R CaClyK &G AL LT AR+, (HCaCL/K&WREH (2 HECAFPTSHI I 1L,
PR NAR R IR L TR B B v B T B AL s N iR AT, R AE CaCly 3H20 40 i HH CABR A S o7 3
R FEMP, HEAFIPTSAEIE PR R EHE— 5180, IAMSHPF B R = T Fe M EE 46 N 5
BT 72 3 e 2
4.5 MEREREH AR E R B

Nt 5 A e MSHY CARBR AL S 87 (138 F M, SEBRIEHF 70 T CAS AR EE 1 Bs A S B (16)

ME6LLE i, & FEEFCATECaCl-3H0H IS AL S N AT AR B iE AT . CASHEE. 4. IEE
M R IE CL 2 T8 A0 e 97 3o 2R o T 11 o B 1 388 K T FRAIR . A . I C AR AL 2 43 I R BE H 1166.4% . 4
T 1 f54.0% 1E T B2 944.8%A 1E Ol H H128.2%, X 1] fE 5 EE (1% A1 4 (Al Az BRUOE 56, BEE
B (B BE R 3K, BERTS MERRAR, ZS (A2 B3N, DRI 4% AL B i PRI . EH Bk mT e MSH A [ b
SN AT 38 AT R 5 A R R T A Y o
4.6 1RRIEHEH KR

AT, PR R PSS A Tl AR P2 p LB SR IR 2R, 515 22 A I T AT 5 B 25 03 bt
R SN T P MSHI AT AR M, AT T KA BRI (K 7). 3B —IRBER LR B, CAEIE
THEELAL ¢ 4RI E NN, 7EBE TR LS SLIH, MR4E 50 0 (1) 7 FE R R BEAT M0, DAORFF I B
ARG IE T EE/CAMBER KL R4, FRIRBETEEE G, @i PR o0 A8 20 B A LA, SR B e 11
CAMIIE T EEIMAE] T ZERIMSHAH 34T N — 48 M o
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70

60 |-

50

40 b

30

Conversion of CA, %

20

MeOH EtOH BuOH HeOH
Elo ITRER 5 R Fe b SR
R4 AE: 10.5 g CA 0.2 molfiE. 2.5 g CaCly,-3H,0f1PTS 0.75 g, 2h, 80°C
MeOH: Hl#; EtOH: £ ®¥; BuOH: IETH; HeOH: IECfE

Yield of TCB, %

Cycles

B7 73R kot e 47 2 (K R

44 10.5 g CA, 14.8 ¢ BuOH, PTS 0.75 g, CaCl:3H,02.5g, 105°C, 2h

METHT A, R IR N, TCBrf=HRiA %] 197.9%, F _RIGHHr=RiE %] 1799.8%,
ATRE S 5 — 5 R RN ICARR RA %, HBEE B EET, 5 PU% N H TCBI = R F# K 4296.2%,
EAEH T RMNAARRF KRR, BT B RN 4, RO TCBr= 3% R R, Jiid 7% & bk
£2910.0 g/K 5, TR L RN TCBF= R IR m 297.9%. XEgh ByE R 74253 kK
CaCly3HON i R, RKMNEICAT LLEEHENT RN LT 25, BHWE T SIFE U %
TS,

5 SERFEFRABFARBITHR
5.1 BHHFRIHT I SRE AR R

(1) B SHECEEMEE, B 7B BRI E 1y B 19 A A N T BRI 2k
A CLSR s A R R ST BE FT o (2) B RIR N T SEBr R, AT A A A i B AR )
AR . ANGUH ULg S22 AT e AR o L, 51 AN AP ATk min, B
AR SLhRIE 0L, 9Bl TN RIR S SEPR N S & o BE— D4R 1 SR AR 20 A 1) LR A ok ] R
(I8 71 DA KR ER R 1 T g
52 FEHLATR

AURBEE T IH KIS kS, W75 W niE Mg ieds, WAMNAZ .
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FOARM ", B2 R BRSO, A e o A PR AE 0 I R DL R B o o R e, An T 25 g ok
FHg s, B, AEAMESS TSGR R (EEEFRA AT . S 0 2 fr AN Se iR # 1 g
&, M HRS T IR SRS R, RENRE] T e T, AR H k. R
WEFe. R Moy — 1k, WERFEE, FREST, XS AR R THE M T e AT el
BN & L HAE R AR =R Z08 0, oA sE e, RN HEtn T« DR LI, SCHR AR 73 3]
YT TI R R SL AN SE T RIS N1 . RS RORE A CAR4JE, FERT ST R v o A AT S0 B
ST AR B — BT IR SO E TR, AR, B XS, RIE T BRI E. K
FFTH UOKEPIE IR = T BRI A BONE AN R, DA A F R E, B0051 5 5.

6 4iE

A8 CURHIE T U1 25 10 T U AR BE AT IR TR = T Be 10 & B T 2 AR 1) = JR AL B IR A . % %
JE T E . AR R . PERARE G, S AKEWIER IR, REHETT T K EWIE L P RS R
BRI N, 32U EEL R

(1) 507 it R A [R) A S i B A S B I S B R R 22—, BB OB R I TR, B AL = R el
Ft, £105°C, 2h, EEALETi598%. EEFE R, WA K S KRN,

(2) FEMSHPEALFIPTSHIIN N B35 #7517 TCBr7 3, P2 W@ i /0 dH AN 2518 40 3 B vl 3145, ik
FICL K A N IR A TR B AF TMSHA, W3R A, TIRAK. R4 K.

(3) MSHHEE Ak S B ATLERRF 75 R B, MSHAZHEEF =2k H LLJLJT1H : MSHHSEIL T Fr I R
FABGAL, AR AR E R 3 A MSHIR KPR RS T BT IR A2 3, MSHRT T 5 B FHAE A4 751 (1)
TRHE R FAAE R R KBRAL T O NAR R IR L, IR T B Ak s N R, $2 s T BR Ak S v (1)1
AR,

&SN T M, KEVEHRPEEN AN EN T T2, e 7 RMEZR, S2HL 7 E 1 [FE
o Wb TR K PRERBIHERL, 1 L7 S e AR R R 2508 A B RO AT 3RS, S PRAK T AR A
Ao ARICHEH IMSHF CAMIEE AL S 3 13E A 5 AL RR I Bs ik, BT 2 0 Tk s AN -

R AR R R B2, A B TS A AR AT T S e AT, SRR T
v R A e 1) R RE ST RHRR B FURE 1. B ORI R S RE ISR R] T B E NIRRT, A E] T IREE
M B #5 o

W
ak

X W
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