Nghién cutu khoa hoc céng nghé

NGHIEN CUU TONG HQP POLY-f-PINEN KHOI LUQONG PHAN TU
THAP VA KHAO SAT MQT SO TiNH CHAT CO BAN

NGUYEN THI HONG NGOC ) PANG MINH THUY @
1. PAT VAN DE

Terpen 1a nhom cac hydrocacbon ngudn gbc thién nhién, cé cong thirc hoa hoc
dang (CsHg),, v61 mach carbon dugc xdy dung tor cac don vi isopren [CH, =
C(CHj3)-CH = CHa].

Terpen dugc phan loai theo s6 luong don vi isopren, trong d6 monoterpen gom
2 don vi isopren, 10 nguyén tr cacbon nhu a-pinen, -pinen va limonen; Diterpen
gém 4 don vi isopren, 20 nguyén tr cacbon; Triterpen gom 6 don vi isopren, 30
nguyén tuo carbon; Tetraterpen gom 8 don vi isopren, 40 nguyén tir carbon;
Polyterpen gom nhiéu hon 8 don vi isopren, nhiéu hon 40 nguyén tir carbon [1].

Polyterpen duoc diéu ché bang cach trung hop hoac dong tring hop cac
monoterpen, trong d6 B-pinen dugc st dung phd bién nhat.
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Hinh 1. Phan ung tong hop mot sb polyterpen

Polyterpen thé hién céc tinh chat dic trung ctia hydrocacbon cao phan tu, tro
vé mit hoa hoc (tro véi axit vo co, kiém va dung dich mubi loang), c6 kha ning bam
dinh t6t. Do do, polyterpen c6 nhiéu umg dung khac nhau trong coéng nghiép.
Polyterpen dugc st dung rong rai lam chét két dinh, dic biét 1a chat két dinh chiu ap
va chiu nhiét. Nhom polyme nay ciing duoc sir dung phd bién trong ché tao 16p phu
chéng am, chong gi sét... Ngoai ra, polyterpen con dugc st dung trong myc 1n lam
chit phu gia trong vecni, cao su, vat liéu bitum, bao bi thyc pham va san xuat keo
cao su [2].

O khdi lwong phan tir thap, trong khoang 800 - 1000 g/mol, polyterpen c6 dang
long, dac sanh, c6 kha nang hoa tan dugc nhiéu phu gia chong an mon, chéng oxy
hoa. Cling vdi céc tinh chat khac nhu cach dién tét, chéng tham 4m, cho phép lam
viéc ¢ dai nhiét d6 rong, cling nhu kha nang bam dinh t6t trén bé mit nhiéu loai vat
liéu khac nhau, polyterpen dang long cd thé duoc str dung 1am thanh phan chinh dé
ché tao 16p phu bao v¢ cac thlet bi dién ti. Tuy nhién, hién nay trén thi truong,
polyterpen chu yéu duoc san xuét va sit dung véi khdi lugng phén tir trung binh, co
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diém chay mém trong khoang 85-135°C, polyterpen dang long c6 khéi lugng phén t
thap chua dugc nghién ciru va ing dung pho bicn. Ching t6i chua tim thay cac cong
bd ve tinh chat dién cling nhu mot so tinh chat hoa 1y khéc cua loai polyme nay.

Ciing nhu cac hop chét cao phan tir khéc, polyterpen dugc diéu ché bang cach
trung hop monoterpen. Xuc tac dugc sir dung trong diéu ché polyterpen 1a cac axit
Lewis, trong d6 pho bién nhit 1a nhém clorua. Tuy nhién, viéc st dung chét xic tac
nay yéu cau vé nhiét do phan mg thp, dan dén chi phi lam lanh cao, dong thoi yéu
cau muc do tinh khiét cao dbi voi ca chat phan tmg va dung méi. Do d6, mot sd
nghién ctru da dugc thyc hién dé khao sét cac loai chat xuc tac khac, nhu alkyl nhém
diclorua [3].

Trong nghién ciru da tong hop poly-B-pinen dang 10ng c6 khdi lwong phan tir
trong khoang 800-1000 g/mol tir monome B-pinen (hinh 2). Poly-B-pinen tao thanh
s€ duogc khang dinh ciu trac phan tir va khao sat ‘mot so tinh chat 1y - hoa - dién co
ban dé kiém tra su phu hop st dung lam chit nén cho vat liéu pht bao vé thiét bi
dién - dién tur.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit li¢u va thiét bi nghién ciru

- Hoa chat: p-pinen (> 90%, Trung Qudc), Ethyl nhom diclorua (C,HsAICL,)
(1,8M trong toluen, Thermo Scientific), toluen (> 99,5%, Merck), nudc cat, HCI (35
- 37%, Trung Qudc), NaOH (98%, Trung Qudc), axit citric (= 99,5%, Trung Qudc),
CaSO4 (> 99%, Trung Quéc), diatomit (Trung Qudc), khi N, (99,9%, WKS -
Singapore).

- Dung cu: Binh cau 3 cb dung :[ich 2 L, phéu nho giot hqinh try, phéu chiét, xi
lanh thiy tinh dung tich 50 ml, nhiét ké, pycnometer kim loai thé tich 100 cm’, buret.

- Thiét bi: Méy khudy tir gia nhiét IKA C-MAG HS 7 control, can phén tich
Shimadzu, bom hit chan khéng, may cat nuéc Hamilton.

2.2. Phuwong phap nghién ciru
Téng hop poly-B-pinen:

Quy trinh tong hop poly-p-pinen thuc hién theo quy trinh cua Raquel P. F.
Guine va cfng su [3]. Phan ung dugc thuc hién hoan toan trong moéi truong Nj.
Thém lan lugt 600 mL toluen, 377 mL C,HsAICI, 1,8M trong toluen vao binh chu 3
c¢b bang xilanh. Pun néng nhe téi 70°C trong 30 phut. Tiép theo, dung phéu nho
giot, thém tir tir ting giot cho dén hét 600 g B-pinen vao binh phan tmg. Khudy &
nhiét d6 70°C trong 2 gio. Dé két thuc phan tmg, thém 500 mL nudc cit & nhiét do
phong, tiép tuc khuay trong 30 pht.

Hon hop sau phan tmg dugc chuyén sang phéu chiét, loai b pha nudc. Pha hitu
co duogc rira lan lugt voi dung dich HCI 0,6%, NaOH 1%, axit citric 2% va nudc cét,
mdi dung dich rira 3 1an. Lam kho véi CaSO,. Loc hdn hop 4 1an véi diatomit. Lam bay
hoi dung méi bang bom hut giam ap suat, say chan khong & 80°C dén kho hoan toan.
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Hinh 2. Phan tmg téng hop poly-p-pinen

Xadc dinh cdu triuc hoa hoc:

Poly-B-pinen tao thanh duoc xac dinh cau truc bang phd cong hudng tir hat
nhan 'H NMR va *C NMR do trong dung méi chloroform-d, st dung thiét bi
Bruker Avance NEO 600 MHz, phd hong ngoai IR ciia mau léng trén mau long
polyme dugc do trén thiét bi Spectrum Two DTGS L1600400, hing Perkin Elmer tai
Vién Hoéa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Khéi lugng phan tr va d6 da phan ténrvé khéi luong polyme (PDI) duoc xac
dinh bang sac ky tham thau gel GPC trén thiét bi Agilent 1100 tai Phong thi nghiém
trung tdm, Pai hoc Khoa hoc Ty nhién Tp. H6 Chi Minh.

Phdn tich nhiét:

Tinh chét nhiét cua san pham duoc nghién ctru dya vao két qua phan tich nhiét
quét vi sai (DSC). Mau phan tich dugc do bang may phéan tich Mettler Toledo DSC
3+ trong khoang nhiét d6 tir -40°C t&i 80°C vai toe do gia nhiét 5°C/phut tai Phong
thi nghiém Vién Do bén Nhiét d6i, Trung tim Nhiét d6i Viét - Nga.

Khdo sdt tinh chit dién:

Dién ap danh thung cua polymer dugc xac dinh theo tiéu chuan IEC 60156 [4]
trén thi€t bi xac dinh dién 4p danh thing OLS -90PB OM.

~ Tén hao dién moi (tan a) dwoc xac dinh theo tiéu chuan IEC 60247 [5] trén
thiét bi Do hao ton va dién trd suat khoi dau cach dién HTYJS-H.

D¢ bén chong riva troi:

Quy trinh thtr nghiém d9 bén chdong rira troi ciia mang polyterpen tién hanh
theo tiéu chuan TCVN 8786:2018 [6].

Chi sé axit:

~ Chi sO axit duge xac dinh bang phuong phap chuan do axit-bazo theo tiéu
chuan ASTM D974 [7].

D¢ nhot:

Do nhot biéu kién cua polyterpen duoc xac dinh bang phuong phap Brookfield
theo ti€u chuan TCVN 4859:2013 [8] trén Thiét bi do d6 nhat TQC sheen.

Khéi lwong riéng:

Khéi lugng riéng cua polyterpen dugc xdac dinh bang phuong phap
Pycnometer theo ti€u chuan TCVN 10237-1 : 2013 [9].
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3. KET QUA VA THAO LUAN
3.1. Xéc dinh céu tric héa hoc
i Khéi luong phan tir cua poly-B-pinen thu duge dugc xac dinh bang sic ky
tham thau gel GPC (hinh 3). Két qua cho thdy san pham c6 khoi luong phan tir trung
binh khoi 890 g/mol, khoi luwgng phan tir trung binh s6 600 g/mol, d§ da phén tan
(PDI) 1a 1,48.
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Hinh 3. Gian d6 GPC cua poly-p-pinen

i Céu triic phan tir cta poly-B-pinen nhan dwogc tir phan Gng trang hop dugc
khang dinh thong qua pho IR va phd NMR.
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Hinh 4. Ph6 IR ciia poly-p-pinen
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Trén phd IR (hinh 4), ta chi quan sat dwoc cac bing song hap thu dic trung
cho dao ddng cua hydrocacbon nhu: dao dong C-H & khoang 2800 - 3000 cm™ va
1454 cm™, dao dong hoéa trj C = C & khoang 1645 cm™. Két qua nay phi hop voi cdu
truc phan t poly-pB-pinen.

Két qua phan tich "H-NMR va cic tin hiéu gan cia ting nguyén ti H trén
phan tur polyterpen tao thanh thé hi€n trén hinh 5.

Phé 'H-NMR, céc tin hiéu trong ving 0,5 - 2,5 ppm dic trung cho cac hidro
gin voi cac nguyén tir carbon sp’ nhu cac nhoém CH, CH,, CH;. Céc tin hiéu trong
khoang 4,5 - 5,5 ppm lién quan dén hidro gén truc tiép v6i nguyén tir carbon sp” ciia
lién két doi C = C, trong d6 tin hiéu tai 5,4 ppm dic trung cho H gin véi carbon sp’
trong don vi lap lai ctia polyme; tin hiéu tai 4,6 ppm lién quan dén carbon sp” cua
don vi két thac mach. Mit khéc, gia tri intergral cia H trong don vi lap lai gép 3,81
lan gia tri intergral cia H cua don vi két thac mach, nhu vay, co thé tinh toan so bd
trung binh cac phéan tir poly-B-pinen chira 5 don vi monome. Két qua nay phu hop
v6i khéi lwong phan tir trung binh tinh duoc theo phuong phap sic ky tham thau gel
da trinh bay ¢ trén.
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Hinh 5. Ph "H-NMR cua poly-B-pinen
Két qua nay dwoc khing dinh lai bing phd '>C NMR (hinh 6). Trén phé "*C
NMR quan sat duge 2 phén ving tin hi¢u r6 rét: Céc tin hiéu trong ving 10-50 ppm
lién quan dén nguyén tir carbon cua lién két don, cac tin hi¢u trong ving 110-150 m
lién quan dén nguyén tir carbon cua lién két déi C = C.
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Hinh 6. Phd *C-NMR cua polyterpen

3.2. Phan tich nhiét

Qua trinh phan tich nhiét quét vi sai duoc quét tir -40°C t6i 80°C véi tdc do
5°C/phiit. Puong cong DSC thu dugc cho thay nhiing qua trinh nhiét xay ra voi mau
polyme khi chiu tic dung ctia tac nhan nhiét bén ngoai. O déy, c6 mot peak thu nhiét
dang chu y tai khoang -3°C dén -15°C, tuong g véi diém nong chay cua polyterpen.
Diém két tinh cua polyterpen thu duoc ¢ -25°C dén -30°C (hinh 7).
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Hinh 7. Gian d6 phan tich nhiét DSC

3.3. Xéc dinh tinh chit dién

bac tinh dién quan trong nhét cua chét long dung trong thiét bi dién tir 1a dién
ap danh thung va ton that dién moi tan a [10]. Két qua thi nghiém dugc trinh bay
trong bang 1.

Bang 1. Két qua do tinh chit dién

Di¢n ap danh thing (kV) | Ton thit di¢n méi tan a
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Theo quy dinh trong tiéu chudn ASTM D 3487 dbi voi dau khoang cach dién
st dung trong cac thiét bi dién, gia tri dién ap danh thung khong dugc nhd hon
35kV/em [11]. Két qua xac dinh cho thay tinh kha thi va uu diém st dung
polyterpen lam vat li¢u phu cho thiét bi di¢n tur.

Thi nghiém’do ton that dién moi tan a, Qai luqng dac trung cho su chét lugng
cach dién cua chat diép moi, ¢c6 anh hudng rat nhiéu boi do gia nhiét cla mau thi
nghi¢ém. Theo tiéu chuan ASTM D 3487, gia tri ton that di¢n moi cua chat léng dung
trong thiét bi dién khong vuot qua 0,05% [11]. K&t qua xac dinh cho thay ton that
dién méi cua polyterpen thu dugce ndm trong gia tri cho phép theo tiéu chuan.

3.4. Xac dinh mt s6 tinh chét 1y - héa khac

Ngoai viéc xac dinh cac tinh chat dién cua polyterpen téng hop, di xac dinh
mat so tinh chat 1y - hoa khac, két qua dugc tong hop trong bang 2.

Bang 2. Tinh chat Iy - hoa ctia polyterpen

- L Khéi lrgng riéng | Do nhét dong luc
D M : : N :
ang ngoai au sac (g/em’) (cP)
Chat 1ong Vang nau 1,2 3204

Dé bén chéng riva tréi: DO bén chdng rira tréi ciia mang polyterpen tién hanh
theo tiéu chuan TCVN 8786:2018 [5]. Phi1 16p mang polyterpen 1én tim thir nghi¢m
kim loai. D3t tim mau thir nghiém dudi dong nude chay tir dung cu tao mua theo
quy dinh sao cho nudc mua roi tap trung trén phan thir nghiém vudng goc tir chleu
cao 450 mm. Sau 30 phut, nhac tam mau thir nghiém ra khoi dong nuoe chay, sdy
kho va kiém tra. Két qua cho thidy mang phu sau khi thir nghiém van gitr nguyén
trang thai, khong bi pha hily. Nhu vay, 16p phu dat dugc do bén chdng rira troi theo
tiéu chuan.

Chi s6 axit: Chi s axit trong polyme xac dinh duoc 1a 0,2 mgKOH/kg. Theo
Huéng dan IEEE vé Nghiém thu va Bao dudng Dau cach dién trong Thiét bi - IEEE
STD. C57.106-2006 cua Hiép hoi Ky su dién va Dién tir qudc t& [12], chi sb axit
khong duoc vuot qua 0,6 mgKOH/kg. Nhu véy, két qua chi sb axit ciia polyterpen
thu duoc hoan toan nam trong gié tri cho phép dé sir dung trong thiét bi dién tu.

4. KET LUAN

Két qua cua nghién ctru tong hop polyterpen khdi lugng phén tir thip bang
phwong phap tring hop kiém soat mach 1a chat 16ng mau vang nau, khdi luong riéng
1,2 g/cm3 , d6 nhdt dong luc 3204 cP. Céu trac hoa hoc cua polyterpen thu dugc
dugc khing dinh bang phd cong hudng tir hat nhan 'H NMR va >C NMR. Két qua
sac ky tham thau gel GPC chi ra khdi lugng phan tir trung binh khdi ciia polyterpen
thu duoc 1a 890 g/mol, dd da phan tan vé khdi luong polyme 13 1,48. San pham
polyterpen néng chay ¢ khoang -3°C dén -15°C, két tinh ¢ -25°C. Ngoai ra, nghién
ciru nay chirng minh dugc gia tri dién ap danh thing, hao tén dién moi, do bén
chéng rira troi, chi s6 axit cta polyterpen thu duoc 14 phu hop dé ché tao 16p phu
bdo v¢ thiét bi dién, dién tur.
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SUMMARY

SYNTHESIS AND CHARACTERISTICS OF LOW-MOLECULAR-WEIGHT
POLY- B-PINENE

In this study, low-molecular-weight polyterpene was synthesized from the [3-
pinene monomer by controlled polymerization in the presence of Lewis Acid. The
structure of the resulting polyterpene was determined by 'H and BC nuclear
magnetic resonance (NMR) and Infrared (IR) Spectroscopy. Gel permeation
chromatography (GPC) showed the polyterpene product with a molecular weight of
890 and PDI of 1.48 due to the polymer synthesis. Differential scanning calorimetry
(DSC) of the resulting polyterpene shows a melting point in the range of -3 to -15°C
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and a crystallization point in the range of -25 to -30°C. In addition, this study proved
that the breakdown voltage, dielectric dissipation factor, washout resistance, acid

number of the obtained polyterpene are suitable for making protective coatings for
electrical and electronic equipment.

Keywords: Polyterpene, low-molecular-weight, controlled polymerization, [3-
pinene, protective coating, electrical and electronic equipment.
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