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SUMMARY

The use of vegetable oil triglycerides as base oil in biodegradable lubricating grease has been
limited due to their susceptibility to oxidative degradation. With the growing concern in seeking
environmental safety lubricating grease, shortcomings of vegetable oils in oxidation stability were
resolved by adding effective antioxidants. The paper presents the results of research for
antioxidant effects on vegetable oil based lubricating greases. Three antioxidants such as alkyl
phenol, alkyl diphenylamine and ZDDP were chosen to study. Their individual and synergism
effects on grease were well discussed. The ability of improving oxidation stability of vegetable oil
based grease was decreased as follows: diphenylamine > dialkyldithiophosphate zinc (ZDDP) >
alkyl phenol. The package of diphenylamine and ZDDP with the ratio 1:1 respectively was
indicated to be most effective for the grease composition because of their synergism action.
Vegetable oil based APP PHSH with 3 percents of mixture ZDDP/diphenylamine with the ratio
1/1 has the decrease of oxygen pressure by ASTM D 942 less than this one of mineral grease PLC

L3 (6 Psi against 20 psi respectively).

- MG DAU

MG boi tron phan huy sinh hoc (MBT
PHSH) goc dau thuc vat (DTV) trén co s xa
phong liti cua axit 12-hydroxystearic (12-StOH)
gébm ba thanh phan chinh la DTV, 12-
hydroxystearat liti (12-StOLi) va cic phu gia
(PG). Do bén chong oxi héa cuia MBT néi chung
quyét dinh boi ddu goc, do6i véi MBT PHSH
chinh 1a DTV. So véi MBT géc khoang, MBT
PHSH c6 do bén chong oxi hda kém hon. D6 1a
do phan 16n cdc DTV trir ddu dira va dau co déu
c6 ham lugng axit béo khong no tuong d6i cao.
Su oxi héa DTV xay ra theo co ché tao gdc tu do
peroxit va phu thuoc vao d¢ linh dong cta hydro
trong mach hydrocacbon cta axit béo. Hydro
trong nhém metylen trong cau triic allyl s& hoat
dong hon so vGi hidro trong noéi doi thong

thuong hay trong mach hydrocacbon no va cang
hoat dong hon néu nhém metylen nim & giita
hai n6i doi (hé bis-allyl) do goc tu do tao thanh
duoc bén héa bdi su phan bo dién tir pi déu
trong toan hé. Hydroperoxit, aldehyt, axit béo,
este vd cdc polime 1a sin phdm oxi hoéa cla
DTV (hinh 1) [1].

Phu gia chong oxi héa cho MBT gom hai
loai: phu gia bat goc tu do cit phan tng chudi
(amin, phenold ) va phu gia phan hay peroxit
(dialkyldithiophosphat kém (ZDDP), dialkyl
dithiocacbamat antimona ).

Trong céc cong b6 vé MBT PHSH géc DTV,
dialkyl dithiocacbamat antimon (ty 1& 4% trong
MBT) [2] hoic hén hop alkylphenol va amin [3]
dugc st dung lam PG chong oxi héa. Hiéu qua
cta ching chua duoc néu rd. Zajezierska da cho
rang amin hiéu qua hon phenol va ZDDP [4].
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V6i muc dich lya chon PG chéng oxi héa
hiéu qua dé tong hop MBT PHSH goc DTV, bai
bdo tap trung nghién ctu tic dung chdng oxi
héa clia cac PG riéng biét va t6 hop cac PG d6i
v6i MBT géc DTV trong d6 1ay MBT goc dau
s& lam dai dién.
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Phan hlly thanh cc san pham oxi hoa

Hinh 1: Oxi héa tai mach hydrocacbon cua axit
linolenic

IT - THUC NGHIEM

1. Nguyén liéu va hoa chat

Dau s6 1a dau tho 14y tr Ha Giang tinh ché
dén chi s6 axit 1a 1,25 mg KOH/g véi thanh
phan axit béo nhu sau:60% C,g.,, 26% Cig.,, 2%
Cigs, 3% Cio va 9% C 5. LIOH.H,O va 12-
StOH dat tiéu chudn dé san xuit MBT. Cic PG
khao siat bao gom ZDDP (LZ 1395 cua
Lubrizol), alkyldiphenylamin (L57), alkyl
phenol (L135) ctia CIBA va hén hop bis- va tris-
dialkyl-4-oxi ébenzylamin (phu gia A-P) cuta
Nga.

2. Phuong phap tong hop MBT PHSH [5]

Cho 12-StOH va dau s6 véi ty 1¢ 1:6 vao noi
phan tng; nang nhiét dén 85°C. Nap dung dich
LiOH 10%, duy tri & 95 ¢ 100°C. Puéi nuéc &
100 € 120°C. Nang nhiét 1én 195°C. Nap tur tir
luong DTV con lai vao néi phan ting dé nhiét do
xuong dudi 180°C. D€ md nguoi dén 110°C.
Nap phu gia. Cho hén hgp m& qua mdy dong thé
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hod. Trong sudt qud trinh phai luon duy tri
khuay. Céc khao sét tién hanh v6i MBT ¢6 14%
chat lam dac.

3. Cac phuong phap phan tich danh gia

Do nhét va chi s6 axit xdc dinh theo ASTM
D 445 va GOST 6707-76 tuong ung. Khao sat
kha nang chdng oxi héa trén dau s& thuc hién
theo GOST 981-75 (suc khi oxi 99% véi toc do
200ml/phit qua mau khao sét c6 xic tdc dong &
nhiét do 120°C trong 14 h, dong khi ra dugc hap
thu bang dung dich nudc cat, do chi s6 axit cla
dung dich nudc, chénh léch chi s6 axit, do nhét
va do can khong tan trong pentan cia mau khao
sat). Do bén chong oxi héa cia MBT duoc danh
gid theo GOST 5734-76 (phét 1 mm MBT lén
tdm dong tiéu chudn dé 6 120°C 30 h, 72 h va 96
h, do chénh léch chi s6 axit) va theo ASTM D
942 (oxi héa MBT trong bom & 100°C trong
100 h, do chénh léch ap suat oxi trudc va sau
oxi héa). Phé hong ngoai ciia MBT do trén mdy
FT-IR-MAGNA-760 (Nicolet).

4. Ty 1é phu gia khao sat

Céc phu gia khao sat riéng biét dugc thuc
hién &ty 16 2% trong MBT dau s& - laty 1é 16n
nhat nha san xuat phu gia khuyén cdo st dung
cho MBT géc khodng. D6i véi t6 hop phu gia:
khao sat cac ty 1é phdi hop phu gia khdc nhau
v6i 2% 16 hop trong ddu sd. Khi ¢6 ty 1é phoi
hop t6i wu khao sét ty 1 sir dung t6 hop phu gia
trong MBT.

111 - KET QUA VA THAO LUAN

1. So sanh hiéu qua chong oxi héa ciia phu
gia alkylphenol, alkyldiphenylamin (DPA)
va ZDDP

Céc két qua khao sat do bén chong oxi hda
ctia MBT dau s6 véi cic PG chdng oxi hoa riéng
biét trong bang 1 cho thdy & giai doan dau cla
su oxi héa (30 h) mic do oxi héa ddi véi ba loai
PG khéo sét 1a nhu nhau: su chéng léch chi s6
axit truGc va sau oxi hda clia ca ba mau khong
c6 nhiéu khac biét v6i 3,65 don vi doi v6i mau
c6 alkylphenol va mau c6 DPA va 3,2 don vi d6i
v6i mau c6 ZDDP.



Bdng I: Su thay d6i chi s6 axit cia MBT ddu & sau qud trinh oxi héa 16p mong theo GOST 5734-76

Phu gia trong MBT dau

Chi s6 axit cia MBT theo thoi gian oxi
héa, mg KOH/g

Cam quan MBT sau oxi
héa 72 gio

s, ty 1€ 2%

Oh 30h 72 h
Alkylphenol 2,3 5,95 11,36 Gion ciing & miic cao
DPA 2,0 5,65 6,00 Min, déo
ZDDP 5,7 8,90 12,20 Gion cting vira phai

o] giai doan sau, véi 72h oxi hod, su khéc
biét gitta cic PG thé hién rat 1o thong qua su
thay doi chi so axit. Chi s6 axit tang nhiéu nhat
v6i miu md chia alkylphenol (9,06 mg
KOH/g), mau chita ZDDP ¢6 sy thay doi chi s6
axit thap hon (6,5 mg KOH/g) nhung khong
bing mau chita DPA vé6i su chénh léch chi ¢6
4,06 mg/KOH sau 72h oxi héa. Cam quan cua
md sau khi oxi héa cling minh chiing cho su
khac biét trén. Mau chda alkylphenol c6 vé
ngoai cung, gion véi hién tugng tao nhwa. Mau
chita ZDDP ciing bi ctng va tao nhua nhung
muc do it hon. Chi ¢6 mau DPA la van gii
nguyén do min déo ctia m& du chi s6 axit cta
mau c6 bi tang 1én. Nhu vay, ngoai su oxi héa
tao axit tu do, su oxi héa tao nhua cling da xay
ra v6i hai mu chita alkylphenol va ZDDP.

Két qua nghién cttu phé héng ngoai clia cdc
mau mdJ v6i thoi gian oxi hdéa khiac nhau: Oh,
30h va 72h cho thay méu c6 chita DPA c¢6 phé
héng ngoai & 3 thoi diém oxi héa khdc nhau gin
nhu chong khit 1én nhau. Su thay déi dién tich
pic 1745 cm™ (dac trung cho dao dong cta lién
két C=0) d6i v6i mau nay ciing 1a it nhét chi ¢
0,134 don vi sau 72 h oxi héa so véi 0,45 cta
mau chita ZDDP va 0,445 cua mau chita
alkylphenol.

V6i méu oxi héa 30h dién tich pic 1745 cm™
cta alkylphenol va DPA la nhu nhau, su thay
déi chi so axit ciing vay. C6 thé néi ring
alkylphenol va DPA c6 muac do chong oxi héa
gan nhu nhau, nhung do alkylphenol c6 tinh bén
nhiét kém nén sau 72h alkylphenol da khong gitr
dugc tdc dung nhu DPA.

Nhu vay c6 thé thay ring alkylphenol kém
hiéu qua nhat do PG nay c6 tinh bén chiu nhiét
rat kém. Sau d6 dén ZDDP. Phu gia DPA c6 tinh
bén chiu nhiét hon ca nén cé kha nang kéo dai

tdc dung hon hai PG con lai.

2. Hiéu qua chong oxi héa cua cac PG va té
hop PG doi véi dau sé va MBT dau so

Do su oxi héa MBT chu yéu lién quan dén
ddu goc, nén cdc khdo sat lua chon t6 hop PG
duoc tién hanh trén diu s theo phuong phap
GOST 981-75 dé thdy rd ban chat cla su oxi
héa DTV.

Két qua khao sat (bang 2) cho thiy.

Dau s& khi bi oxi héa khong tao can khong
tan nhu dau khodng. Su oxi héa cht yéu dan dén
su polime héa noi doi thé hién & su tang do nhét
rat 16n (su thay déi c6 thé lén dén 291 cSt d6i
v6i dau s& khong c6 phu gia); su tao thanh axit
hitu co tr do (thé hién & su thay déi chi s6 axit)
va su oxi héa hoan toan dén axit tan trong nudc
(thé hién & su xuét hién chi s6 axit clia dung
dich nudc diing hap phu san pham oxi hoa).

- PG A-P la PG rat hitu hiéu cho m& dau
khodng (chi can dung 0,5% cho tac dung t6t hon
nhiéu so v6i 2% DPA) nhung hau nhu khong c6
tdc dung doi v6i dau sd. Co6 thé 1a do PG nay
khong tan tot trong triglyxerid ctia DTV.

- 2% DPA da c6 tac dung chong oxi hoa
ddng ké doi v6i diu s& thé hién & gia tri chénh
léch d6 nhét 6 40°C (giam di gan 5 1an so véi
mau khong ¢6 phu gia), chénh léch chi s6 axit
trong dau giam di hon mot nlra, nhung axit tan
trong nudc thi giam khong déng ké.

- ZDDP c¢6 kha nang chong oxi héa t6t nhat
doi v6i dau s so véi DPA va A-P nhung gitia
ZDDP va DPA su khac biét khong qué 16n.

- T6 hop alkylphenol/DPA (1:1) khong cho
thdy c6 su cong hudng nhu céc tai liéu cong bo.
T4c dung chéng oxi héa cha t6 hop nay khong
bang 2% DPA. C6 thé thdy ring & 120°C,
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alkylphenol khong bén nhiét nén mat mat va 1%
DPA thi chua di hiéu qua dé chong oxi héa cho
DTV.

- T6 hop PG t6t nhat 1a ZDDP/DPA vdi ty 1é

1/1 ¢6 su chénh léch do6 nhdét chi con 14 don vi,
axit hitu co xuat hién khong ding ké va axit tan
trong nudc cling rat thap (chi s6 axit con 0,706
mg KOH/g).

Bdng 2: Két qua khao st anh hudng ctia PG va t6 hgp PG 1én do bén oxi héa clia dau s&

Trude oxi hda Sau oxi héa

Ty lé PG khao sét Chi s6 axit Chi s6 axit | Chi s0 axit Can

trong dau s& n640°C, | cuamau |1 640°C, | clhamaiu cua dung khong

cSt dau, mg cSt diu, mg dich nuéc, | tan trong
KOH/g KOH/g mg KOH/g | pentan

Kh#ng ca pho gia 39,0 2,30 330,0 20,00 6,80 | Khong
2% DPA 44,5 1,90 106,6 9,80 4,06 | Khong
1% DPA 43,8 3,04 179,9 15,32 6,60 | Khong
1% ionol
2% borin 45,0 1,94 3143 18,13 6,24 | Khong
2% ZDDP 45,1 4,00 100,7 10,10 4,30 | Khong
0,75% DPA, 44.4 2,50 81,4 7,01 3,54 | Khong
1,25% ZDDP
1,00% DPA, 43,7 2,23 57,8 2,79 0,71 | Khong
1,00% ZDDP
1,25% DPA 439 2,21 75.7 5,10 2,52 | Khong
0,75 ZDDP

o 120 o

b. 2% DPA

a. 2% ZDDP

R s = T s = T

c. 2% t6 hgp ZDDP/DPA (1/1)

Hinh 1: Phé hong ngoai ciia cdc mau MBTd4u s& v6i ZDDP, DPA va ZDDP/DPA (1/1)

Két qua do phé hong ngoai clia cic miu md
dau s& trudc va sau oxi héa theo phuong phéap
GOST 981-75 trong 96 h (hinh 2) cho thdy: t6
hop ZDDP/DPA véi ty 1¢ 1/1 trong MBT c¢6 phé
hong ngoai trudc va sau oxi héa hau nhu chong
khit nhau (hinh 2c) trong khi phé héng ngoai
cta mau chita 2% DPA va 2% ZDDP c6 su thay
daéi o rét (hinh 2a va 2b). C6 thé gidi thich nhu
sau: ZDDP khong bén nhiét nhu DPA nén do
bén ctia MBT khi ding ZDDP riéng biét khong
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bang trudng hgp ding DPA. Tuy nhién, khi
dung ZDDP két hop v6i DPA, ZDDP c6 tinh
axit, phan axit cia ZDDP sé tao mudi v6i DPA
thanh hon hop hai mudi kém va amin:

[E; SIIL—S:|22n RR(;> TID— SH-HN%

Nhu vay, t6 hgp PG ZDDP/DPA vé6i ty 1é
1/1 hiéu qua hon ca so véi cdc t6 hop PG truyén



thong da st dung cho MBT. Ngoai ra, t6 hgp PG
nay két hop hai co ché tdc dung: bat goc tu do
va phan hiy peroxit.

3. Khao sat ty ¢ sir dung cua t6 hop phu gia
ZDDP/DPA (1/1) doi v6i MBT goc DTV

K&t qua khao sat kha nang chong oxi héa
clia céc ty 1é t6 hop phu gia d6i v6i MBT dau s&
theo phuong phap ASTM D 942 duoc trinh bay
trén hinh 3. Khi ty 1& sit dung t6 hgp phu gia
tang lén tir 1 dén 4% trong MBT su giam 4p suat
oxi sau qud trinh oxi héa cing giam dan: tir 30
Psi & miu 1% phu gia t6i khong thay déi & mau
49% phu gia. Cac méau 2%, 3% va 4% phu gia da
c6 su giam dp sudt oxi thap hon nhiéu so véi
mau MBT da dung goc khoiang PLC L3. Khi
tang ty 1é phu gia st dung, qua qud trinh oxi héa
cling quan sat thdy thoi gian dé 4p suét oxi cin
bang (khong thay déi nita) giam dan: 90 h véi
mau 1%, 80h v6i mau 2%, 65 h doi véi mau 3%
va mau 4% da c6 4p suat oxi 6n dinh trong suot
qua trinh oxi héa.

e e
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4p sufit oxitrong quatrinh oxihoa, Psi
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—m— 1 khéng phu gia W2 1 % phu gia
—+—NI5:2 % phu gia M4:3 % phu gia
—o—NE: 4 % phu gia —&—NE: WBT PLC

Hinh 3: Két qua do do bén chong oxi hda cac
mau MBT dAu sé véi ty 1¢ sir dung t6 hop
ZDDP/DPA (1/1) khac nhau theo ASTM D 942

C6 thé thay rang tat ca céac ty lé phu gia
khao sat da c6 tic dung chéng oxi héa (khi so
sanh v6i MBT dau s& khong phu gia) va ty 1é tir
2 é 4% ZDDP/DPA (1/1) thich hgp chong oxi
héa cho MBT g6c dau s& dé md diu s& c6 kha
nang chong oxi héa tuong dwuong MBT goc
khoang

4. Ap dung t6 hop PG chong oxi héa

ZDDP/DPA (1/1) trong san xuat MBT
PHSH goc DTV

T6 hop ZDDP/DPA (1/1) véi ty 1é sit dung
3% da dugc 4p dung dé san xudt thit nghiém
MBT PHSH véi dau gbc 1a hon hop DTV ve é
dau tuong trén day chuyén cong nghé san xuat
MBT cua Cong ty APP v6i quy mo 1500 kg/mé.
MBT sén xuét thir nghiém dugc kiém tra do bén
chong oxi héa theo phuong phip ASTM D 942
so sanh v6i MBT goc khoang L3 ctia PLC trén
thi truong. Két qua cho thay su giam ap suét oxi
sau 100 h oxi h6a & 100°C cia MBT PHSH 1a 6
Psi € bén hon so v6i MBT goc khodng (vé6i gid
tri tuong tng 1a 20 Psi).

IV - KET LUAN

1. Hiéu qua chong oxi héa doi v6i MBT dau
s6 giam dan trong ddy sau day:
alkyldiphenylamin > ZDDP > alkylphenol,
trong khi d6i v6i dau s& quan sat thdy ZDDP #
DPA.

2. bai v6i MBT goc DTV (dai dién l1a dau
s6) hiéu qua chong oxi héa cta t6 hgp PG
ZDDP/DPA (1/1)véi ty 1¢ st dung tir 2 é 4% c6
kha niang chong oxi héa t6t hon so véi céc td
hop PG truyén thong 4p dung cho MBT goc
khodng 1a hén hgp alkylphenol/DPA (1/1) hoac
PG A-P. b6 1a do su ting do bén nhiét cha t6
hgp PG do su tao thanh hon hop mudi ZDDP va
mudi dialkyldithiophosphat amin. Ngoai ra, t6
hop PG c¢6 su cong hudng do tic dung theo ca
hai co ché bat goc tu do va phan hiy peroxit

3. T6 hop PG ZDDP/DPA (1/1) véi ty 1¢ st
dung 3% duoc kiém ching trén MBT PHSH sén
xuédt th nghiém trén hén hop DTV ve-dau
tuong v6i két qua kiém tra theo ASTM D 942 t6t
hon nhiéu so véi MBT goc khodng trén thi
trudong (thay déi ap sudt oxi 1a 6 Psi so vdi 20
Psi).
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