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1. MO PAU

Cao su thién nhién long (CSTNL) la mot loai cao su thién nhlen(CSTN) c6 trong lugng
phén tir trung binh (Mn) thdp (khoang dudi 20. 000),dugc diéu ché tur dung dich CSTN hodc
latex CSTN bang mdt sO phuong phap thich hop. Dén nay, CSTNL chu yéu duoc diéu ché bang
3 phuong phéap chinh [1]:

(a) phuong phéap 6xy hod CSTN ¢ nhiét do va dp xuat cao;
(b) phuong phép 6xy hod khir CSTN (Redox), va
(c) phuong phép phan huy quang hod CSTN.

Trong cic phuong phap ké trén, hai phuong phdp sau ciing (b) va (¢) dugc nghién ciru, phat
trién va mg dung rong rai nhat hién nay.

Phuong phdp (b)con goi 1a phuong phdp phenylhydrazine, do cic nha khoa hoc Phap
(R.Pautrat va cong sw) phat minh [2 - 4], trong d6 sit dung hé redox phenylhydrazine/ 6xy
khong khi dé phan huy dung dich CSTN hoic latex CSTN tao thanh nhiéu loai CSTNL ¢6 céc
nhém chirc phenylhydrazone (PhZ),cé trong luong phan tir trung binh (Mn) nim trong khoang
tir 3.000 dén 20.000; hé sb da phan tan kha rong (khoang 1,8 - 3,2) va chi s6 nhém dinh chuc
PhZ trung binh ~1,6 - 1,8. Nhuoc diém 16n nhit cia phwong phdp (b) 1a st dung
phenylhydrazine, mot hop chét doc hai anh huong dén strc khoé va méi trudng.

Phuong phédp phén huy quang hod (c¢) do nha khoa hoc An D6 (T. Ravindran va cong su)
phat minh [5 - 6], trong d6 4nh sdng tir ngoai va hydrogen peroxide (H,0,) dwoc ding dé phan
huy dung dich CSTN tao thanh cic loai CSTNL ¢6 cdc nhém chic hydroxyl cudi mach
(CSTNL-OH), c6 Mn nam trong khoang 3.000 - 20.000; hé sb da phén tdn khoang 1,8 - 2,0 va
chi s6 nhém dinh chirc hydroxyl trung binh ~1,8 - 2,0. Nhuoc diém 16n nhit ctia phuong phap
(¢) 1a thoi gian phan tmg dai, khong kinh té.
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Gan day, cdc phuong phdp 6xy hod tién tién (Advanced Oxidation Process-AOPs) dugc
dac biét quan tdm nghién cuiu va phat tr1en bao gom: O5/UV; H,0,/UV; 03/H202/UV
H,0,/Fe(Il); TiO,/UV; and TiO,/H,0,/UV. Qua trinh xtc tac phan huy H,O, tao thanh cac goc
tu do hydroxyl béng FeSO, goi 1a phan Uing Fenton. Khi két hop H,O, / Fe(Il) va dnh sang (UV)
thi day la phuong phédp Fenton quang hod (Photo Fenton Process). Hién nay, phuong phdp nay
duogc ddc biét quan tim nghién ctru phat trién va dwoc coi 1a mdt trong cdc phuong phiap AOPs
c6 hi€u qua cao nhét trong viéc phan huy cic loai chit doc hai khé bi phén huy [7 - 9]. bac
diém quan trong nhat cia phwong phap nay la phan ung xay ra nhanh ¢ ngay nhiét d6 va ap suét
thuong, it san pham phuy, quy trinh tuong do1 don gian, khong st dung cdc hod chat doc hai, dic
biét 12 str dung 4nh sdng mat troi 12 ngudn ning luong ré tién nén c6 thé giam gid thanh san
pham

Mot sb tic gia da tmg dung phwong phdp Fenton quang hod dé phan huy mét sé loai
polyme nhu cédc loai copolyme khoi gilta acrylamit va axit acrylic [10], polycloropren [11],
aminosilicon [12], CSTN va polycloropren cling nhu cic loai vat li€u blend trén co s¢ CSTN
[13], polyvinyl alcohol (PVA) [14], polyethyleneglicol (PEG), polyacrylamit (PAM), and
polyvinylpyrrolidon (PVP) [15], polyacrylamit [16]... Tuy nhién, dén nay chua cé cong trinh
nao nghién ctru phuong phap Fenton quang hoé dé tong hop CSTNL.

Cong trinh nay trinh bay mot s6 két qua nghién ctru phat trién phuong phdp Fenton quang
hod aé tong hop CSTNL-OH ¢6 Mn khoang 3.000 - 4000 dung dé bién tinh nhya epoxy. Day la
van dé nghién ctru méi ¢6 y nghia khoa hoc va thyc tién cao d6i voi Viét Nam va thé gidi.

2. THUC NGHIEM
2.1. Nguyén liéu, hoa chit

CSTN crep dugc tach ra tur latex CSTN Viét Nam (ham luong cao su kho 30%). Cac dung
mdi: toluen, metanol, tetrahidrofuran (THF) cua Trung Quéc dugc chung ct lai trudc khi s
dung.Céc hod chét khdc: H,0, 30% (Sigma-Aldrich), FeSO,.7H,0 (ACS reagent), hydroquinon
(Merk), chit chéng oxi hod Santowite MK (Aldrich).

2.2. Dung cu, thiét bi

Binh qﬁu thuy tinh 3 ¢b, dng sinh han hoi Iuu, nhiét ké, mady quay cét chin khéng, may do
pH, mdy dic¢u nhiét (Cong hoa lién bang Drrc).

2.3. Thi nghiém

Dung dich CSTN (Mv ~ 780.000) trong toluen dugc cho vao binh ciu thuy tinh 3 c6 dung
tich 1 lit c6 ldp dng sinh han hdi luu, phdu nhoé giot va nhiét ké. Cho thém mat thé tich x4c dinh
dung moi ddng thé THF, sau d6 hdn hop FeSO,.7H,0 trong H,0, dwoc cho tir tir vao binh.
Khudy déu hdn hop va sau mdi khoang thoi gian xdc dinh mau dugc 14y ra, thém hidroquinon,
chit chdng oxi hod rdi loc va cat loai dung mdi & 4p sudt thip. Sau d6 hoa tan cin trong toluen
va két tiia nhiéu Ian trong metanol, rira nhidu lan bang nudc cho dén khi pH ~ 7. San pham dugc
sdy kho trong chan khéng & 60 °C dén khéi lvong khong doi.

Thi nghiém dugc tién hanh véi sy thay doi cia pH 1an luot 1a 1, 2, 3 va 4 (pH cua dung
dich dugc 6n dinh bang dung dich dém xitrat va duogc kiém tra bang may do pH). Ti 1€ mol
H,0,/Fe** dugc thay doi trong khoang tur 0,5; 1,0; 1,5; 2,0 va 2,5 tai pH ~ 3. Nong d6 cao su
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thién nhién (g/100 ml toluen) dugc thay dbi trong khoang tir 2%, 3%, 4%, 5% va 6% tai pH ~ 3,
ti 1& mol H,O,/Fe** bang 1,5. Nhiét do duogc thay doi tir 25, 30, 35, 40 va 45 phit. Thoi gian
phan tg 100 gid, khoang thoi gian 1dy mau 13 20 gio.

Trong lugng phan tl:l’ trung binh theo d6 nhét (Mv) dugc xac dinh theo phuong phap do
nhot da duge md ta chi tiét trong tai li€u [17].
3. KET QUA VA THAO LUAN
3.1. Anh hwéng ciia pH dén phan wng phian huy CSTN

Aph huéng ctua pH dén phan tmg phan huy CSTN dugc khio st qua sy bién d6i M, cia
san pham theo thoi gian phan Umg. Phan tmg dugc thyc hién khi pH 1an Iuot 1a 1, 2, 3 va 4, nhiét
d6 ~30 °C, ti 18 mol H,0,/Fe* 12 2, ndng do cao su 5%. Két qua duogc trinh bay trong bang 1 va
hinh 1.

Bang 1. Sw bién dbi M, theo thoi gian ¥ pH =1, 2,3 va 4

pH Myv Miu 1 Méiu 2 Miu 3 Méiu 4 Méiu 5
20 gio 40 gio 60 gio 80 gio 100 gio
pH~1 780.000 45.100 23.500 14.500 9.300 8.300
pH~2 780.000 42.000 20.800 11.400 8.100 6.900
pH~3 780.000 38.600 19.700 9.500 6.400 5.100
pH ~ 4 780.000 48.000 31.600 18.700 13.100 11.200

Cic két qua trén cho théy & ca 4 miu, Mv ciia CSTN ban du giam nhanh theo thoi gian,
sau d6 giam cham dan va sau 60 gio, Mv giam khong déng ké. Khi tang pH thi tic do phan huy
CSTN ciing tang 1én va dat gid tri 16n nhat & pH ~ 3. Tuy nhién, tai pH ~ 4 toc d6 phan huy lai
giam di mét cach 10 rét.

50.000
2 45.000 |
@ 40.000 -
£ 35.000 -
£ 30.000 -
«@
£ 25.000 |
© 20.000 -
- 15.000 |
= 10.000 |
9
S 5.000 -
0.000

0 1 2 3 4 5 6
Mau

Hinh 1. Sy bién déi M, theo thoi giantaipH=1,2,3va4

~ So¢ di nhu vay vi trong phan tng Fenton, d§ phan huy va ndng d6 Fe’* anh huong 16n dén
toc do phan ung va hiéu qua phan huy CSTN. Nguyén nhan vi trong mdi truong axit, sy khir
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Fe’* — Fe™* do H,0, theo phan tmg (2) xay ra dé dang, thun 1¢i cho qua trinh tao géc hydroxyl
tu do HO" theo phan tng (1), trong khi & méi trudng pH cao, qua trinh két tiia ion Fe™* tao thanh
Fe(OH); xay ra nhanh hon qué trinh khtr & phan tng (2) 1am gidm nguén tao ra ion Fe’* va tro
thanh yéu t6 han ché toc do phan tng.

3.2. Anh hwéng ciia ti 18 mol H,O,/Fe** dén phan wng phan huy CSTN
D¢ khao sdt anh hudng ciia ti 18 mol H,0,/Fe® dén phan tmg chiing t6i da tién hanh 5 mAu
thi nghi€ém véi cac ti 1€ mol twong ung la x = 0,5, 1,0, 1,5, 2,0 va 3,0 tai pH ~ 3 (theo két qua

khao sat ¢ trén).

Béng 2. Sy bién d6i M, theo thdi gian phan ng khi x = 0,5; 1,0; 1,5; 2,0 va 2,5

Ti 1€ mol Mv Mau 1 Mau 2 Mau 3 Mau 4 Mau 5

H,Oy/Fe** 20 gio 40 gio 60 gio 80 gio 100 gio
0,5 780.000 | 46.100 29.300 18.500 11.100 9.300
1,0 780.000 36.000 21.800 12.500 8.700 7.600
1.5 780.000 32.600 18.600 8.300 5.400 4.300
2,0 780.000 38.600 19.700 9.500 6.400 5.100
2,5 780.000 | 45.000 30.200 19.000 13.000 11.200

50.000
_ 45.000
= 40.000
P 35.000
:-g 30.000
£ 25.000
2 20.000
5’ 15.000
8 10.000

5.000

0.000

Hinh 2. Sy bién dbi M, theo thoi gian phan (rng tai x = 0,5; 1; 1,5;2,0va 2,5

Két qua (bang 2, hinh 2) cho thay, & ca 5 mau thi nghiém Mv ctia CSTN gidm dan thoi gian
phan tng: ban dau gidm nhanh, sau d6 gidm cham dan va sau 60 gio phan tng Mv giam khong
dang ké. Khi ti 1& mol H202/Fe2+ 12 1,5 thi Mv cta CSTN giam nhanh nhat, sau 60 gio thi M, <
10.000 va dat gid tri 4.500 sau 100 gid phan tng.

Khi ti 18 mol H,O,/Fe** nho thi téc d6 phan tng tuin theo phuong trinh dong hoc béc 2
nhung khi ti 1€ mol HZOZ{Fe2+ tang 1&n thi phan Gng dong hoc ti€n gan t6i bac khong. Nhu vay,
khi ti 1¢ mol H,0,/Fe”* thap thi ca hai phan ung sau s& xay ra:
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1
Fe’* + H,0,— Fe’* + OH + 'OH M
Fe?* + 'OH — Fe’* + OH 2
Tuy nhién, khi ti 1¢ mol H,0,/Fe** cao thi s& xdy ra cdc phan tmg phuy sau:

Fe** + H,0, — Fe’* + HO, + H*

H,0, +'OH — HO, + OH

Fe’* + HO, — Fe’* + 0, + H

Fe’*+ HO, — Fe** + HO,

Co ché phan ng thay d6i va phan ung khong phu thudc vao lugng H,0,. M, ciia CSTN
giam nhanh khi ti 1€ mol H,0,/Fe** nhung tré nén cham hon khi ti 1¢ mol trén 2,0. Néu luong
H,0, qua cao, khi phan huy s€ tao bot khi oxi lam cho qué trinh phan huy xady ra khé hon. Vi
vy, ti 16 mol H,O,/Fe®* bang 1,5 da dwoc chon dé thyc hién céc thi nghiém tiép theo.

3.3. Anh hwéng ciia ndng d9 CSTN
Dura vao két qua khéo st anh huong ciia pH va ti 16 mol HOo/Fe®* & trén, ching t6i da tién

hanh khao sat voi néng dd6 % CSTN (C = g/100 ml toluen) 1an luot 12 2%, 3%, 4%, 5% va 6% tai pH
~3,ti 1€ mol HZOZ/Fe2+ 12 1,5, & nhiét d6 30 °C. Két qua duoc tap hop trong bang 3 va hinh 3.

Béng 3. Sw bién d6i M, theo thdi gian phén ting khi C =2, 3, 4, 5va 6%

Néng d6 KLPTTB Mau 1 Mau 2 Miu 3 Mau 4 Mau 5
(C = g/100ml) 20 gio 40 gio 60 gio 80 gio 100 gio
2 780.000 32.300 24.500 16.500 14.100 10.300
3 780.000 34.000 21.000 12.000 9.200 7.400
4 780.000 38.600 25.200 9.000 5.300 4.000
5 780.000 32.600 18.600 8.300 5.400 4.300
6 780.000 45.000 29.200 12.600 10.200 6.000
60.000 -
m 50.000 -
= ——%=2
£ 40.000 | —a—c%=3
é 30.000 c% =4
5 c% =5
2 20.000 —¥—C%=6
<

10.000 -

0.000

1 2 3Miusé? 5

Hinh 3. Sy bién déi M, theo ndng d6 ctia dung dich CSTN
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Két qua trén cho thay, khi ndng d6 CSTN ting thi d6 nhét cta dung dich ting nén Mv giam
cham 6 thoi gian dau, sau d6 giam nhanh theo thoi gian do My giam da 1a giam do nhét cia
dung dich. Sau 80 gio phan tmg, Mv giam khong déng ké va kha ning phan huy t6t nhat 12 tai
ndng do 5%.

3.4. Anh hwéng ciia nhiét do
Dua vao két qua khao sat anh hudng cta pH, ti 18 mol H,0,/Fe** va nong d6 CSTN ¢ trén,

chiing t6i da tién hanh khao sét véi nhiét do 25°C, 30°C, 35°C, 40°C va 45°C tai pH ~ 3, ti 1¢ mol
H,0,/Fe** 1a 1,5, ndng d6 CSTN 1a 5%. Két qua duoc trinh bay trong bang 4 va hinh 4:

Bang 4. Sw bién dbi M, theo thdi gian phan tng khi t = 25, 30, 35, 40 va 45 (°C)

Nhiét @9 | KLPTTB | Maul Miu 2 Miu 3 Miu 4 Miu 5
(‘0) 20 gio 40 gio 60 gio 80 gio 100 gio
25 780.000 46.300 21.600 14.500 12.300 10.000
30 780.000 32.600 18.600 8.300 5.400 4.300
35 780.000 31.200 16.800 8.100 4.500 3.800
40 780.000 40.500 18.900 10.800 6.500 5.100
45 780.000 41.000 17.500 11.600 8.200 6.800

50.000
45.000 -
« 40.000 -
= 35.000 1 — - ——t=25
§ 30.000 —=—t=30
£ t=35
25.000 - t = 40
 20.000 - —k—t = 45
3 15.000 1
10.000 -
5.000 1
0.000

Khoi luong pl

1 2 3 mMauss 4 5

Hinh 3. Sw bién déi M, theo thoi gian phan tng ctia cac mau

Két qua trén cho thay, & nhiét do thip, Mv giam cham & thdi gian dau va giam nhanh & thoi
gian cudi, trong khi d6 & nhiét d6 cao Mv lai bién d6i nguoc lai. Pidu d6 c6 thé giai thich 1a khi
tang nhiét do toc d6 phan tg ting dong thoi lai 1am ting kha nang phan huy cia H,0,. Vi viy,
kha ning phan huy CSTN tao thanh CSTNL-OH t4t nhét tai 35°C.

4. KET LUAN
ba nghién clru anh huong cua mét S(A)’ diéu kién phan tmg Fenton quang hoa nhu pH, ti 1¢
mol H,0,/Fe**, ndng do CSTN, nhiét do dén qua trinh tong hop CSTNL-OH. Két qua cho thay
tai pH ~3 va khi ti 1€ mol H,0,/Fe** ~ 1,5, nong d6 CSTN 5%, nhiét do 35 °C thi qué trinh phan
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huy CSTN dat hiéu quéa cao nhat, M, cia CSTNL-OH thu dugc sau 80 gid phan mg 1a khoang
4.500 va sau 100 gi¢ 1a khoang 3.800.

Lo cdm on. CAc tac gia cha dé tai nghién clru co ban ma sb 104.04.70.09 xin chan thanh cam
on Quy Nafosted (Bo Khoa hoc va Cong nghé) da tai tro’ kinh phi giai doan 2010-2011 cho cdng
trinh nay.
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SUMMARY

Some reaction conditions of the Photo Fenton process to prepare hydroxyl-terminated
liquid natural rubber (LNR-OH), such as pH, H,O,/Fe** ratio, reaction time, reaction
temperature, initial concentration of natural rubber (NR) have been investigated in detail. It was
shown that at pH ~ 3, H,0,/Fe*" ratio ~ 1,5, concentration of NR ~ 5%, T ~ 35 °C the Photo
Fenton process took place the best resulting in the formation of LNRs-OH, that have M, ~ 4,500
and 3,800 after 80 h and 100 h, respectively.

Keywords. liquid natural rubbers, Fenton reaction, hydroxyl-terminated liquid natural rubbers
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