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NGHIEN CU’U DPONG HOC PHAN IPNG TONG HOP
ISOBUTYL PROPIONATE

MAI THANH PHONG, TRAN DUY HAI

1. MO PAU

Nhiing chét tao mui thuong la cac chét thudc ho ancohol, ester, ether, lacton, ... Cac san
phém ester ¢6 nhiéu mui khdc nhau nhu mui chudi, mii tdo, mui 18, ...Véi mui ruou rum dac
trung, Isobutyl propionate (C,Hs;COOC,Hy) thudc nhém chat dinh mii cho mot sd loai thirc
udng, banh keo [5, 6] . Isobutyl propionate 12 mot chat bén ¢ didu kién thuong, trong sudt khong
mau, khong tan trong nuée. Khi isobutyl propionate c¢6 1n isobutanol thi hdn hop nay mang mui
chudi dic trung. Do d6, dé c6 thé dung isobutyl propionate 1am chét dinh mui thi isobutyl
propionate khong duoc 1an isobutanol.

Cho t6i nay, c6 rat nhiéu cong trinh céng bd vé viéc nghién ctru dong hoc phan tng ester
hod. Tuy nhién, viéc nghién ctru dong hoc phan tng ester hod gilra axit propionic va isobutanol
thi rat it thay Dbac biét ¢ Viét Nam chua c6 cong trinh nghién ciu nao vé van dé nay. Vi vay
viéc nghién ctru ddng hoc cuia phan tng giira axit propionic va isobutanol 12 can thiét.

2.CO SO LI THUYET
2.1. Pong hoc ciia phin ing

Isobutyl propionate 1a san phém ctia phan Ung ester hod gitta axit propionic va Isobutanol
theo phuong trinh phan ting sau:
C,H.COOH + C,HOH —— C,H.COOC,H, + H,0.

O diéu kién thuong, phan ng nay xdy ra rit cham. Do d6, ngudi ta can phai ding thém xic
tac dé tang toc do phan mg. Xdc tic ding trong phan g nay c6 thé 1a xic tic dong thé va xic
téc di thé. Xic téc déng thé nhu axit sulfuric dic, axit clohidric dic hodc axit p-toluene sulfonic.
Xic tc di thé nhu nhua trao d6i ion, zeolite hodc dat sét hoat tinh [5].

Trong nghién ciru nay, chiing tdi khao sat phan rng trén xtc tac H,SO, dac.
Phuong trinh phén ung trong dung dich c6 dang:
A+ B == E + W.

_ Phan tng dugc thyc hién trong thiét bi phan tng khudy tron gidn doan dang hinh cﬁ?u;. Gia
thi€t the tich dung dich phan ng khong ddi theo thoi gian, phuong trinh can bang vét chat cho
tung cau tir trong thiét bi phan tng gidn doan dugc thiét 1ap nhu sau [2]:
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_dsB =kC,Cy —k,C,Cy,
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T::kchCB -k,C.Cy,
dcC,

W — k.C,Cy —k,C,C,

trong d6 Cs, Cp, Cp va Cy tuong Ung la ndng do mol/l ciia axit propionic, Isobutanol, Isobutyl
propionate va nudc; ki, k: hiang sb toc do phan tng thuan va nghich, Lmol 'ph™'; #: thoi gian
phén tng, ph.

Hing sb cin bang ciia phan tng duoc xéc dinh theo cong thic:

GGy _ k. o
C.C, k,

K=

trong do C: ,C; ,C; va C;, lan luot 12 ndng d6 mol/l cua axit propionic, Isobutanol, Isobutyl
propionate va nudc khi phan (mg dat can bang.
Sy anh huong cua nhiét do 1én hang s6 toc do phan ung duoc thé hién qua phuong trinh
Arrhenius:
E,

La

k= keRT (3)

trong d6 E,: nang lugng hoat hod cua phan Gng, J/mol; 7: nhiét d6 phan tng, K; k: hing sb
nhiét ctia phan ng, 1.mol™'.ph™'; R: hing s6 khi; R = 8,314 J.mol '.K

2.2. Phwrong phap xac dinh hang s téc dd phin g

Vé mit Ii thuyet su bién doi nong do cua céc chat theo thoi gian trong dung dich phan Gmg
[C;u(t)] ¢6 thé duoc xdc dinh bang cich giai hé phuong trinh vi phéan (1). Mat khéc, sy bién dbi
do ciing c6 thé duogc xac dinh tu’ thuc nghlem [Cim(1)]. Hang s6 toc d6 phan tng dugc xic dinh
bang cach so sanh gilta gla tri nong do chat phan ung tinh todn dugc tir viéc gidi hé phuong trinh
vi phan (1) voi gia tri nong do chét phan ung xdc dinh tir thyc nghiém. Do d6, ham muc tiéu dat
rala

f= Z( ~Ci) @

trong d6, C; ,, 12 ndng do tinh todn cua isobutyl propionate c6 dwoc tir viéc giai hé phuong trinh
(1) khi k; c6 gia tri bat ki; C; ,, 1a nong d¢ isobutyl propionate do dugc tir thyc nghiém.

Hing sb k; tim duoc phai thoa man ham muc tiéu f ¢6 gid tri nhé nhat. Qu4 trinh tinh todn
va toi uu hod nay dugc thuc hién bang ma chuong trinh trén nén MATLAB.
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3. THUC NGHIEM
3.1. Hoa chit
Axit propionic 99% cua D, Isobutanol (97%) do Trung Qudc san xuét. Céc hod (;héit o
trang thdi 10ng trong diéu kién thuong. Xuc tic duge dung 1a H,SO, dac 97% do Trung Quéc san
xuat.
3.2. Dung cu thi nghiém
Thiét bi phan g 12 mot binh ciu 3 ¢d, duge khudy va dun néng nho bép dién c6 khudy ti,

trén binh cau c6 ldp 6ng sinh han hoan luu, nhiét ké va pipet 1dy mau. Tién hanh phan Gng, liy
mau va dieéu chinh nhiét d¢ duoc thuc hién thu cong.

l-Bép dién tir; 2-chau qéch thuy; 3-nhiét Ké; é}-cfra vao nudc giai nhiét; §-cfxa ra cua nudc
giai nhiét; 6-0ng sinh han; 7-binh cau phan tng; 8-pipet lay mau

3.3. Trinh tw thi nghiém

Axit propionic va Isobutanol duoc 14y theo ti 1& ban diu 1a 1 mol axit propionic: 2 mol
Isobutanol. Trudc hét, axit propionic dugc cho truc tiép vao binh phan tng; Isobutanol dugc cho
vao cbc thuy tinh 250 ml va 6n dinh & nhiét d6 thap hon nhiét do cin phan tng khoang 5°C. Axit
sulfuric dugc cho vao 6ng dong va gilt & nhiét do can phan tng. Khi cdc nhiét do on dinh, cho
ddng thoi Isobutanol va axit sulfuric vao binh phan ¢ng that nhanh. Bit du tinh thdi gian phan
ung.

Dén thoi gian 1dy mau, dung pipet 1 ml 14y mot it mau tir binh phan tng cho vao binh dinh
mirc 500 ml da chira sin mot lugng du Na,COs. Ghi nhan thé tich mau ldy ra.

Thém nudc vao binh dinh mirc dén vach, tron déu va léy mdt it dung dich tir binh dinh mirc
cho vao cuvet chita mau dé chd phén tich.

3.4. Phwong phap phan tich

Dé xdc dinh ham luong cua cédc cAu tir, ching t6i dung phuong phap sdc ki 16ng cao 4p.
May sac ki do hang SHIMADZU cuta Nhat Ban san xuat.
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Pau dd>: MODEL SPD-20A

CAT. NO. 228-45003-38
SERIAL NO. 120134200744 LP
Bom:  MODEL DGU-20AE
CAT. NO. 228-45018-32
SERIAL NO. 1.20254403702 CR
Lo: MODEL CTO-20A 230V
CAT. NO. 228-45009-38AE
SERIAL NO. 120204402045 AE
4. KET QUA VA BAN LUAN

Phan (g tong hop Isobutyl propionate da dugc tién hanh khao sét ¢ cdc nhiét do 303, 313
va 323 K. Xdc tic cho phan tng 1a H,SO,4 dédc. Ti 1€ mol ban dau cia chat phan Gng la 1 axit
propionic : 2 isobutanol.

4.1. Hang s6 can bing phan g

Héng s6 cén béng (K) cua phan rng dugc tinh theo cong thuc (2). Tu két qua thi nghiém,
gid tri K & cdc nhiét d khac nhau da dugc xdc dinh va trinh bay trong bang 1.

Bdng 1. Gid tri hiang sb cin bang ciia phan g

STT T [K] KI[-]
1 303 0,637
2 313 1,145
3 323 2,853

Tu ‘sé) lidu trong bang 1 cho thiy ring khi ting nhiét do thi hépg s6 can bang cua phan g
tang. Piéu d6 hoan toan phu hgp véi nguyén 1i chuyén dich cin bang ctia Le Chatelier vi phan
ung ester hod 1a phan g thu nhiét.

4.2. Pong hoc phén rng

Su biéq thién ndng do cuia isobutyl propionate theo thdi gian da dwoc xdc dinh bang thuc
nghiém va két qua dugc trinh bay trong bang 2 va hinh 1.
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Bdng 2. Nong db isobutyl propionate theo thoi gian phan mg

STT Cg [mol.I"']

tlphl 303K 313K 323K
1 0 0,000 0,000 0,000
2 10 0,193 0,827 1,455
3 20 0,923 1,439 1,844
4 30 1,106 1,858 2,080
5 40 1,622 2,116 2,405
6 50 1,921 2,245 2,447
7 60 2,011 2,696 2,843
8 120 2,310 2,649 3,118

Nong d6 Isobutyl propionate trong bang 1 dugc biéu dién trén mot dd thi nhu sau:

0 50 100 150
t [ph]

Hinh 1. Nong d6 isobutyl propionate theo thoi gian trong céc phan tng

Dura vao s6 liéu thuc nghiém tir bang 2 va hinh 1 cho thdy khi tang nhiét do, van tdc phan tng
s& tang va & ca 3 ché do nhiét d, phan tmg hau nhu dat cAn bing sau khoang 120 phiit phan (ng.

Hing sb téc d6 phan ung (k) dugc xdc dinh bang cich so sanh gia tri nong do isobutyl
propionate xac dinh tur thyc nghiém va gid tri nf)ng do isobutyl propionate tinh todn sao cho ham
muc tiéu (4) dat gia tri nho nhat. Gi4 tri hing s6 toc do phan ung ¢ 3 nhiét do khac nhau da duge
xdc dinh va két qua dugc trinh bay trong bang 3. Hinh 2 biéu dién su so sanh gifra gia tri nong
do isobutyl propionate xdc dinh tir thyc nghiém va tinh toén.
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Bdng 3. Héng s6 toc do phan Ung tai cdc nhiét do khac nhau

T[K] k; (.Lmol ".ph ™) £ min
303 0,0022 0,034
313 0,0037 0,013
323 0,0047 0,031
4
3 _
g2
5] 0 303K
11 = 313K
a 323K
0 T T
0 50 100 tIphl 450

Hinh 2. D thi so sanh giita gié tri ndng d6 isobutyl propionate tinh todn va gid tri néng do
isobutyl propionate xac dinh tir thuc nghiém.

(Puong nét 1ién biéu dién gid tri tinh todn, cac ki hi¢u biéu didn gia tri thuc nghiém)

Tu hinh 2 cho thay rang g1a tri nong do 1sobuty1 propionate xac dinh tir thyc nghiém va tinh
todn 1a twong ddi giéng nhau. Piéu d6 chimg to rang hé phuong trinh déng hoc (1) 1a phit hop va

gid tri k; da x4c dinh duoc 1a dang tin cay.

Hinh 3 biéu din sy anh hudng ctia nhiét do 1én hang s toc do phan ing qua phuong trinh
Arrhenius. Nang lugng hoat hod clia phan ung ester hod gitta axit propionic va isobutanol xac

dinh duoc 1a 31 kJ/mol.
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Hinh 3. Biéu dién sy 4nh hudng ctia nhiét d6 1én hing s6 tdc d6 phan tng
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5. KET LUAN

Chat dinh huong Isobutyl propionate da duoc tong hop bang phan Gng ester hod gilra axit
propionic va Isobutanol. Phan ing dugc tién hanh trong thiét bi phén ting khuay tron gidn doan
dudi xidc tic dong thé H,SO, ddc. Phuong trinh dong hoc cta phan tmg da duogc thiét 1ap. Hang
$6 tbe d6 phan mg (k;) ¢ 303, 313 va 323K c6 gia tri tuong ing béng 0,0022; 0,0037 va 0,0047
l.mol” 'ph™'. Ning lugng hoat hod ciia phan tng trong khoang nhiét d6 da nghién ctru 1a 31
kJ/mol.
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SUMMARY

KINETICS OF ESTERIFICATION OF PROPIONIC ACID AND ISOBUTANOL TO
PRODUCE ISOBUTYL PROPIONATE

Esterification reaction of propionic acid and isobutanol to produce isobutyl propionate
using homogeneous catalyst - H,SO, - was investigated. The experiments were performed in a
stirred batch reactor. Initial molar ratio of propionic acid to isobutanol was 1 : 2. In order to
analyze the influence of temperature on the reaction rate, reactions at varied temperatures (303,
313 and 323K) were conducted. Kinetic parameters of the reaction were determined. Rate law of
the reaction was also established.
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