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Abstract: The hydrolysis rates of seven kinds of polyol ester base oils [POEs] of different branch shape
were investigated by using a simple apparatus under mild acidic condition. Seven polyol ester base oils
were made of poly hydric alcohols of two-four valence, normal or branched fatty acids of different carbon
number. p-Toluene sulfonic acid was used as acid catalyst to accelerate the rate of hydrolysis. Partial
esters and fatty acid produced by sequential hydrolysis of POEs were identified and their concentrations
were determined by calibrated-internal standard method using Gas Chromatography. The rate constants of
each step in sequential hydrolysis were determined by the least square method from rate equation and the
concentration of each component, were compared with one another. It was shown that the rate of
hydrolysis of POEs was strongly affected by whether molecular structure of fatty acid was straight chain
or branch chain and which position was branched. The hydrolysis stability for all the POEs can be
reasonably explained by using a steric hindrance effect anticipated from their molecular structures

affecting as water molecule makes an attack on the carbonyl carbon of POEs.
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E70] @ A7 13mm 9 Fel@o] WEE712A ALHUAY M2 gE T2 7%
Zggo28 &4 (6.0x 10* moh)°] 1 4-Thol&4HemlyS EFEE FFHFT(12 x 107mol) &%
o) 2=}, o] Lol A& pEFALEINLE x 10 mol)E A 18I EL 14-Tho)
SAFS WSERES FLAZ FAFY] AT &AM ARSHAYG. NSFERES 9TE
Ztgstn Hd 160 AR mRrstAA FAatE A8 € A stazEvtEgdyE £
A, d&FHQ MRS 8 dAEe FEdAEH, OtgE 2 APkEd o
8ol wh-S A Aol @& FEWIL FAHYG.

22, A2 2A ALgE FEgdxg Y

Table 10l BAFNA A2 AMEH EEjgo2d 2949 FF € 289 72§ Y
EFiAT. Table 1 oA HiE whe} o), 739 FElgoiE 99L& 271 % 4719 griadE
I BAaF C6~C99 H L By Agade s AR 2B, G FEA
£ neopentyl glycol [NPG], 2-butyl-2-ethyl-1,3-propanediol [BEPG]®] 2 7}¢Z3} pentaerythritol
[PE]2] 47} @Fo] AMEHAAU. AP Z M= n-hexanoic acid [n-C6], n-nonanoic acid
[nC9)7t A} RE QY3 87|26 2 4= 2-ethyl butanoic acid [iC6], 3,5,5-trimethyl hexanoic acid
[iC9], 2-methyl 4-ethy! hexanoic acid [a -C9]7} 2t A}&-H ATl Table 1 9] el 759 A&
FrE 23zt o EMEAR =7 98%eldeln, §9Z AHEE 14-Tol S
Absh A E oA ARSR p-EFAAMAENL ANfE T3 AAES 24 A o] ALE
st
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Table 1. List of polyol ester base oils
Name Code Molecular structure

Neopentyl glycol di 3,5,5-trimethyl
hexanoate NPG-iC9

H;OC-CH; HCH;EHH;
cu,? o HCHz-COC CH;

Neopentyl glycol di n-nonanoate NPG-nC9 Q G 20g€“z(CHz)sCH
CH;3(CH;)sCHy COCH, “CH;

. o
Neopentyl glycol di n-hexanoate NPG-nC6 QHs H,0CCH,(CHy);CHs

CH;(CH,); CHy COCH; ™~CH;,

. . . Cl{p 3 H3
2-Butyl-2-ethyl-1,3-propanediol di 3,5,5+ | BEPG-CY | o £k Evem, Socbemmio i oo, oom,
trimethyl hexanoate H, ,CH,CH,CH, 3

CH3(Ha0 O CH,CH;
. . CH;3CH
Pentaerythritol tetra 2-ethyl butanoate PE-iC6 sSCH,CIFCOC H,0¢ HCH,;CH,
cn,cnzgﬂ-g—oc 2 CH;0-GCHCH,CH;
CH;CH,0 H,CH;
3z Fongronds
Pentaerythritol  tetra  3,5,5-trimethyl CH,(’CH;CHCH;- Cb 2(/3'0'23::0*2 CH;
hexanoate PE-iC9 P H, ! :
cn,gciﬂz HCHz-C %-cn,gcnz CHj
Hj o 3 CHy
) CH;qHz H; Q H H,CH
Pentaerythritol tetra 2-methyl 4-ethyl CH;CH,CHCH, H]-C—OC u,o-c néu, HéHfCH;

hexanoate PE -a C9 CH;CH,CHCH,.CHC-OC cu,o-cgncn, HCH,CH;

CH3CH; CH30 H,CH;

23. 7t2azntE sy 24

Mg F L2 s AHEQ] B2, ¢F, AW 59 FEE YR
EERE o8 Jt2aFvEagdyyoez Y. WREEZEZEZXE methyl
carprylate & butyl carprylatef"— AMgBE o AERY If BFEE Al weE JRREEE
25 28 AREET. FRAZE, €8, AW 59 Jt2a2nEasd e FID H &7l
R AEE F7MA717 Astd stedd A8EF9 -OH7ZlE 1,1,1,3,3,3-hexamethyl di
silazane [HMDS]¢}¢] wh-g-of ol&ted _OTMS & X3

3. 45 2 &

3.1 AFd) heRE 3T
Figure 1 ol 3oz e AdEofgtor e 728 &S YEldg. o=
A,c2 (acid-catalyzed, acyl-oxygen cleavage, bimolecular) [14] D)l M EL2ZAN ARAFRY F
TAE AR wgo] A= JYAHL] IFYY A WAA gl B EAFEN] AE
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Figure 1. Hydrolysis mechanism of A,-2(acid-catalyzed, acyl - oxygen cleavage, bimolecular).
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2AT) A EE 7FY ESoAEH 28 BAW 27 F2 4749 q\"‘ﬂz}%ﬂ%
Tgse FrolEz °]a°‘] e ZtrE ) dAtAe] 2 FL 4DAIY LA BHEE T35
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Ao EejgolaH U9 ZtFRHN] A= EAFR dFE n@dde A
wa ope} EEgol2E 2949 AL g 4 DA N NFE=NTE
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Cy=Cpoexp.(Kit) 0]

Ca =Co by {exp.(-kit)- exp. (-lt) }/ (k) =-=- -=-nmemeems @
Co=Coo ki kof(exp.(t)- exp. ()} (ky-ky)-(exp. () -exp. () sk Yy --nrems(3)
Cp =Cr-Ca-C-Cc- G 4

Ce =Cokal {1 ~exp. (-(ky+ ko)) }/ (ke ky)-koks{exp. (-ki)-exp. (~(ky+ k) ) /{ (ko) (ks-k) (s + K-
k) ki {exp. (-kyt)-exp. (-(ket k)Y }{ (ky-ky) (ky-ko) (R + h-ky) }-k ofexp. (-kst)-exp.
(ki k) Y {(ks-k) (ksho) (kg Ryyy) J ] =========m=- (%)

REACTION EQUATION (1)

K K
A—le B =t=C

Ka
C,=Cyeexp.(kit) 6)
Ca=Cho- Ca-Ce ‘ —,
Ce =Cao kafexp.(-(lsth) 8  exp. (k) My tkik) +Cio R 1-exp (~(leHe) O (o) <wemnme(B)

Figure 2. Sequential hydrolysis equation of POEs of four and two valence.

M Al AolAM, [AJE 4 7F9] pentaerythritol ]l 4@ Fel Lol AE FFFolH,
[B], [C], [D)= [AIS}RHE Y 7t Ed) BAAEQ FEANZEHEA 27 3 71628, 2 7ho) AH, 1
28 SgEL vetdt a8l [E]ls st HFBAEQ pentaerythrito] & VHEF
ot 28 a oY @49 QurE-g Astae JleEde ARAC dig 2 gAqAMY
A2 FAHAYG. ojehge 7AAste) AEfd TtrEs AHEYD FEE teRE &
et v AIZEY #4Q A(D)-G)E XEE F Aok 3, A Aol QoA
[A]E 2 7}9] neopentylglycol 3 2-butyl-2-ethyl-1,3-propanediol o] 2] % Z & Lo 2E FHJFE F,
NPG-9| 28 2 BEPG-o| 2E o9, [B]T [AISH}EY 7teEs] YHEA REA2EHZA 1
Tt 28 gg=S Usdt. a3 [Cle 7tsEde HFAYHEQ neopentylglycol & 2-
butyl-2-ethyl-1,3-propanediol & et WD BAME sFH @A Furg& A
sty Aukgol FAANS AERFS e BREY FEE A6) - O ERE F
Ak Ao st AojA Zzhe] g9 FEE Figure 2.9 2l(1) - 8)o 7 oj&A %}
- F A3 olZRE HAAZIHE AHEstd AFHA AR g 7 9A)
o] &xa7t ZAH AT Figure 3 ol = PE-C9 9] 7H-E3] Ao QAHHE ztzte 3
FEEY FEE AN gt A agez YERTh
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Figure 3. The concentration of each component in sequential hydrolysis process of PE-iC9.

Figure 3914 B F IRol 7t Ral A Zdol weh AZ/A PE-CY o FE= ALK
of ZasA 9 FA0l ZA5Eael 98 AFPYEA PES i APAe A&He
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a8t ZuleA =HAT Ak ATl wel FAHoR Aol HAFALEA PESY
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Table 2. the rate constants of each step in sequential hydrolysis of POEs

k,,1/s k,1/s k,1fs K1/ k,1/s ks
BEPG-iC9 5.0E-06 1.0E-05 - - 5.2E-06 -
NPG-iC9 1.0E-05 1.0E-05 - - 7.3E-06 -
NPG-nC9 5.6E-05 6.1E-05 - - 3.6E-05 -
NPG-nC6 7.4E-05 5.6E-05 - - 2.8E-05 -
PE-iCé6 1.5E-06 3.4E-06 4.4E-06 Uncertain* - Uncertain*
PE-iC9 1.4E-05 1.1E-05 1.2E-05 1.1E-05 - 1.4E-05
PE- a C9 8.4E-06 1.1E-05 Uncertain* | Uncertain* - Uncertain*

*k,,k,of PE-iC6andk 3,k ,,k, of PE-a C9 could not be selected because of large deviation.

33, ZY2028 2499 4439 MFEH BF
331 AdA 9 $E4TF K, 9 B4
Table 2 | A] B uie} Zol, 1A @AY 7H4Ee $E4FAK L TS €A F
7}8tth. &, PE-iC6 < BEPG-IC9 < PE -a C9 < NPG-iC9 < PE-iC9 < NPG-nC9 < NPG-nC6.
9l K, &Y £AZEE, E71AUARLIC6,iC, o €95 o TSN LHE AMAWAL
AnCco g ncool A3 EzgAAHREY seEsss] s Ae & & U ol&d
AYHA &= aolE ulwaly) &t Figure 4 o) 7o &2 244 K,
¢ vl w3t Table 2 9 Figure 4 25, NPG-nC6 & 7183 AQA Y WHE&EE PE-
ice®tt oksou) mEn e driedI LY NPG-CIERTE 7447t o WMECD. ol
Figure 1 o)A XA g uig} Zo), ZEZojAE 249 NERAE&Es B2AWS 7HAAE
o8 AAF)EIo} i Wsled SEBAEAY Aol FeedA e ABAE) 9T EF
o AA FFL B R ARG F Yok AA e Aol zold mE JhE
&0 vz YolME TEY x99 A7t IXNE FY stk AP dojit F
& NPG-nC6 7} NPG-nC9 &) £51°tH %7 Wad, I8ji 272t g TejgdAe
Zol A 4ol 28 HFEQ PE-I2HEY N EAEEE vadd g M2 $=7
w-g} At} &, PE-iC6 <PE -a C9 < PE-iC9.
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Figure 4. Comparison of K, of rate constant of first step of POEs.
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b A A -9 X0 ANEF tAAES e ice e ARt M AA LA
FAERE YAl € Aoz BuEy ggA JtFERASEs M =du & olfE
PE-a C9 & PE-iC6 Bt} a4 57t wE AT PE-iCI BrbE =2t 4=, PE-Y2HEM o
3 R4 EE PE-C6 < PE-a C9 < PE-iC9 & £o2 FU8A gz A9 & 4 ok
Table 2 2 %€}, PE-a C9 8] 714E8]& 5+ PE-iC6 Bt} 5.6 97} o) w20, PE-iC9 & PE-iC6
o £xHt} 93u] o wac) o] A¥gAFAzRE, T2y 299 JIFEHAAAALLS
ZEAAYES 717 E5 FAld TERY AAANERYE FlERY BAERE T
o} 7}AAtEol EATFE F718H Hoke AL AT £ AU ggde tldEy
Fz7t Zelgol2E ode stFEAIA vAE S n237] st BEPG-CY,
NPG-iC9, PE-iC9 & 7t i3& =g v usdtytt o]E9 &X+ BEPG-iC9 < NPG-iC9 < PE-iC9
o] A2 Z715t) Table 2 9} Figure 4 oA & 5 Q1%0l, o]E9 £x9 Aol YollA ¥
@ ALY FEo] ME £E9 FHolmuh: 2ARA Y PE-CY 9 FHFEHEEE BEPG-CY
B} 284 W20, NPG-iC9 Bub= 1447} of wWat), o)ze AAL 271 429 BEPG
o e 9 odage] ZtAALEd o8] ERAY sl2rd @i dg THo Pt
qEoletn Az F Utk 281 4 7t AE|Q PE-CY o EHETE 2 7ol A8 Q1 NPG-
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Figure 5. The comparison of sequential rate constants of POEs.

Figure 5ol A B, AAFofasst & e &ol2E 2UEQU PE-iC6, BEPG-iCY, PE-a C9 ¢
K,8& 18 2}2}94 A gAY HEEEUK, 2} Aok 18]3 PE-iC6 9 K, &2 FH
A gAY W& Ed K, At oj4Te AAZRE YA FRaHRst 2 Zo)gol2¢)
299 73%«»11% Hegart d4doz WP wal 2159 57} AEATE ALL
¢ F Atk o) HA, AFANEYI} E FYS2EHZREH E7IARAAE] st
g8 Aoz AATE AW T2 2B AL Y YAFNEAE T2 A F
o] Ft2rY EAol U FEA THo HAAU| wRolda AT o2 o] E
g 2o 28 245 A% NFEH BE Sxdre FAE FIlsHA dvan AT
F gtk FW, ANEFE AHSE RE E8gd2y 2459 K, @9 A€ vusd oS
7} #o} &, PE-iC6 < BEPG-iC9 *=PE-u C9 = NPG-iC9 = PE-iC9 < NPG-nC6 = NPG-nCY.
e MM BAFATe] A7 Fej g2y 2959 K, PEiC6 Y BF-F AYeta
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M2 AR 2 UedG. o] Z2F3E dolA AFe vie) 2o, AYAY JteREs) 28
Holl wet AFT f2EFL7]o die YAFANEATGs} d3lE= EA3 BEPG 9] ¢I L
i HALEY Ad QA FNAA &= YeEhd RAYe ¢+ Aok 28Y PE-
iC6 9 iC6 A At 2-9 X0 XN gg ogagel o AAMPNAT = o} EAsin = 3
HAFAT B A Aold] wE QAFNERE A3 EA F& ¢ F o niA
Ho Zpzte] ZE)go2E 299 Jutdol i £EAAFUKaYd Kb £XHE I As
o vhA S @AY S35 4% FAEE ¢ F A F, 2712 8d2E 299
K, % 47128 2ol=8 299 K, & §7 v&3¥ BEPG-iICY = NPG-iC9 = PE-iC9 <
NPG-nC6 = NPG-nC9 & A& 7IeEsi&Es 71 I oj= Kadh Kb £4Q
BEPG-iC9 = NPG-iC9 < PE-iC9 <NPG-nC6 = NPG-nC9 &} £A 9 iz =z gt}

333. 27929 £E4F K, T3 K, 9 24

PE-ol 2E] 9] BEAE2A9 2 7lo] A8 9 NPG-iC9, BEPG-iC9 3} Z& 2 7t A8 3§
9 SE4TUK Y K, 0] Figure 69 @A v¥]REHUY. o]&L PE-iC6 = BEPG-iC9 <
NPG-iC9 = PE-iC9 < NPG-nC9 < NPG-nC6 9] &+ 2 3 7}3tt}, Figure 6 l4] B& ute} gol
PE-iC6 7} 7tE8le] & 2 7lo28l2 Af/=HA stsEso e dAEE BEPG-iCY
A9 ol ol PE-iC6 & 7t+East A AR 279 2L AAF
H 3AAY 2B AL ZRE AWito] ojgEE GAldANY YAFRERE 279 Q
A A 2EHFE7) o T AAFhaTIt ZA3e] BEPG-CI o @S] o8 A7)
AAZRP= A ZotA7] W&olgta 4HE + At &, AWite] F2TS w2y
iC6 < iC9 ©] €A 2 BEPG-iC9 9] W& 7t welxof 3lA)ul thrlatZe) F=2E nwsiy
BEPG <PE 9] £A|2 PEY] #3457t 222 0|89 Adrt ME Aol vhed] nxje
LAZARET M2 A9 ZotAM Fa1g w1348 YehiiA Az 48 4 9o
¢, PE-CY o] F-Eol2El2 2] 2 7te] 2E] 9} NPG-iC9 9] viRe] QolME 189 7}
A& Zol7h PE-iC9 o AAY £ E(K)2 NPG-iC9 9 £E(K ) Aol ZH(Figure 4)H.th
AdE A& ¢ F U9 o€ PE-CI o IR AgH AT 2709 o2 F L)
7b AARE FERFoR 2 Ayt A% 2749 dAEZEr)0e @A Ho ga)
A 2B 2879 F7t BolA e AL AEENI 2AHE d4bol AU WRoladn
A3% 4 o '
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