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CH,0H

(3,4,5]

pentaerythritol (sometimes called.
monopentaerythritol)

(3) fH208 oM
HOCHy— (':— CHy— 0—~CHy— (IZ ~CH,0H

CH,0H CH,0H
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Table 1

PROPERTIES OF NEQOPOLYOLS

nonapenuery:hritol' Divenuery:hritol' Trimethylolethane Trimethylol Propane Neopencyl Glycol
(CgHy204; 136,147 (CyoH2207; 256.279 (C5H 203; 120,168 (CeHy40y: 136175 (CgHy907; 104,149
- mol we) ol we) a0l we) mol we) - wol we)
Sales . Sales Sales Sales Sales
Typical Specifica- Typical Specifica- Typical Specifica~ Typical Specifica= Typical Specifica~
Value tioa Value tion Valye tion Value tion Value tion
Rvdroxvl content, _— 49.3 -— 8.0 — 41.0 —_ 31.5 -— -—
wtl, min
Acidity as formic, -— - - - - - -— 0.002 _— -—
wel, max
Moisture content, - 0.20 -_— 1.0 -_— 0.30 -— 0.05 -_— 0.3
wel, max
Ash conteut, wel, max — 0.0t -— 0,03 -_— 0.0t . 0.00% -— -— b —
Asssy, wei -— 98.0 - 6 (mono-PE, - - - - -_— ca 991
) max)
Phehalic color, -— 1 -— 3 -_ 1 -— 13 -— -—
Cardner, max ’
Colac of 10X aq. soln,, -— -— - -— —_ -_— 5 max -— -
Pt~Co unita
Melting poinc, °C 261-262 =-— 217-219 — 190-200 — 58.8 58 mia - 125-130
Boiling point, 276 - -— -— - - 160 - 207-212 —
3¢ {mm Mg) 30) (s) (760)
— -— — — — -— 210 —_ -— -
(50}
— -— — — -— — 295 — -— -—
(160)
Density, gm/ce 1.396 — 1.365 -_— . .22 -— 1,072 = 1.086 -_
(100°¢,
wolten)
Heat of combustioa, 661 - -— - -— -_ 864 -— - -
kcal/gmool
Heat of formacion, 222.6 -— -— -— — -— -_ bl - -
keal/ga=sol
Heat of vaporization, 22 -— - -— . - -—_ 17.89¢ - - -—
kcal/ga=aol . 200%C .
Specific heac,
cal/ge-mol,
ac 100°C 60.8 - -_ - - —_ 78.0 (@ — - -
30.9°%¢C)
ac 190°C 103.3 - -— - — —_ - -— - -—
Flash poinc, €OC, °F 500 -— -— -— -— -— 35S - -— 7.4
Heat of fusion, cal/gm —_ -— - -— — —_ 43.83 -_— - —_
Bulk density, 1b/gat - - 5.9 - 6.2-6.3 — - - - 4.2
Reference(s) 408355 408356 408356 408353 4083157
408358

*for properties of Cechnical pentaerychritol, see Table 3.4,
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Table 2

PROPERTIES OF TECHNICAL PENTAERYTHRITOL

.88 wt2 Monopentaerythritol
12 wtX Dipentaerythritol

Technical Pentaerythritol
. Sales
Typical Value Specification

Reference

~

Hydroxyl content, wtZ, —_— 47.9~48.4
min

Moisture content, wtX, — 0.30
max

Ash content, th,>max - 0.01 }

Monopentaerythritol, wtZ, -- 86.0-90.0
min

Phthalic color, Gardner, —_ 1

max

Formals, wtZ%Z, max - 2 J

Appearance White crystallius - 3
solid with no dis-
cernable odor

Screen analysis, wt7
Retained on:
18 mesh
20 mesh
100 mesh
200 mesh
325 mesh
through 325 mesh

Normal bulk density, ZS—SO -
1b/fe3

Free flow density, 38-42 -—
1b/fe3

Particle density, gm/ml 1.397 - J
Melting range, ©C (°F) 228 (442-464) —.

.
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Table 3

PROPERTIES OF SHORT-CHAIN FATTY ACIDS*

Valertc Caprofc Heptylic Caprylic Pelargoaic Capric
(Peatanoic) {Hexanolic) (Heptanoic) (Octanoic) {Nonanotc) (Decanoic)
Cst1002 CeH1202 C7H1402 Cgl1602 CoH1 g0y CygH2007
Molecular weight 102.10 116.15 130.18 164.21 158.23 172.26
Melting poinc, ©C -33.5 -3.4 -7.1 16.7 12,5 3.6
Boiling point, ©C 187.0 205.8 223.0 239.7 255.6 270.0
Density, 20°/4° 0.942 0.929 0.922° 0.910 "0.907 0.895 (JO")
Refractive index, 20°C 1.4086 " 1.4170 116230 « 1.4280 1.4322 1.4169 (70°)
Neutralizacion value 549.34 483.00 430.96 389.05 354,56 325.69
Solubility, acids in H0,
1b/100 1b Hy0 (°C) 3.3 (16) 0.968 (20)  0.264 (20)  0.068 (20)  0.026 (200  g.015 (20)
Solubility, Hy0 in acids,
Z Hy0 (°C) — 7.57 (31.7) 9.98 (42.5)  3.88 (l4.4)  3.45 (10.5) 3.12 (29.4)
Heats of combustion,
keal/mol! 681.6 831.0 986.1 - - 1,453 (s)
Viscosity, centipoises
(°c) 1.970 (25)  2.814 (25)  3.784 (25)  5.16 (20) 8.08 (20) 4.36 (50)
Heats of vaporization,
Bru/lb# - 321 81 - 254 229 211 195
Specific heats, Btu/lb—
oF (at °0)} - 0.51 (23) - 0.51 (46) - 0.50

*Source: B-12615, unless otherwise noted.

'Yalues for heats of combustfon in the liquid state except as indicated by (s) for the solid Slace.
3Calculated value at the boiling point based on method by Ibrahim & Kuloor (36229).

$Source: B-12614, B-12616 for 1iquid acids.
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Table 4

EXCERPTS FROM SPECIFICATIONS FOR AIRCRAFT
TURBINE ENGINE LUBRICANTS

Specification
U.S. Military ° Commercial*
MIL-L-7808H, MIL-L-23699B,
Air Force Navy PWA 521C GE DSOTF
Property (ref. 429146) (ref. 429147) (ref. 429285) (ref. 42
Viscosity, centistokes
At 210°F (98.9°C) 3.0 min 5.0-5.5 5.5 max 5.0 min
At 1C09F (37.89°C) Report 25.0 min 100 max 25.0 min .
At —409F (-40°C) - 13,000 max 13,000 max 13,000 max
At -659F (-53.99C) 17,000 max - - -
Pour point, max - -650F -750F —
(=-540¢C) (-59°C)
Flash point, min 400°F 4750F 400°F 4000F
(2040C) (2460C) (2049C) (2040C)

*Abbreviations: PWA = Prarr & Whitney Aircraft.
GE = General Electric.
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A9} FAo) A n=polyole] SAI4
m=27 g SR 7224
2F
fx=X9 22
=Yo] E&E&,
*b*c*,---,*jzn
slo) Az olge WA = T 4Hs
o]zlc}. A|2H| 27} pentaerythritol® z+z+ 0.
25, 0.50, 283 0.25 BE&(4H) S TFs:=
valeric, heptanoic 28] 1. pelargonicAtEe] &
FEZRE Azt 7HsE
n=pentaerythritol 8] EA4¢+ =4
m=Tj& FFe] F2RA B} £=3
A= T8 T/ dlzEl2Ee

==
[SINe)

‘T\_
(4 +3 - 1)t
=15
41(3 - 1)t
157129 2] Mo s=(EEE)E

CB5e eI 9 3H3HE pentaerythritol
monovalerate diheptanote mono-pelargonate
o] FEE §X7] g A o= oSy 2o

mol fraction = 41(0.25)1(0.50)2(0.25)1

112211

525 o2z ERE &9 344 9

@ o|ze|=Ee] BEE FEE

Compound

1 - Pentaerythritol tetravalerate
Compound 11 - Pentaerythritol tetrapelargonate
Compound 15 - Pentaerythritol tetraheptanoate

H AHEEL o AHE EFE A 93 E
% & FAY. aEE GEd JdAHEE

AAET 5285 o AHES9 JAE Alojg] A
AR FEaAe HLEA aRthe e Ee
@27} ¥k, Niedzielskie] ATAMEHE pen-

taerythritol® dipentaerythritol®] &322 t}
L3} 28 37}z BF9 s=2EBA|A EFE9 A}
£ 7]1z8lT U}, :

(1) C:'); C7y C‘.l
(2) Ch C& Cy or G, Cm.Cm
(3) Cﬁy CG; C7a C&v C‘J

aE 9A B 40 JERd vle} 22 PWA
521C9} MIL-L-23699B #&& AMEslich.
agx opft® I AAE HSIHA FE v
9] F8 B¥ A MIL-L-275029 wakch.
714 UEe] 4e MIL-L-275022 269 ¥
742 2" e ofelol] YepAATE.

a9 AFE 210°F(98.9C)¢F -40°F(-40
TYNAMe HE, §%4, 2832 A3y gt
rE FAEL 3-_,/\]7]‘— i AH =2 HjEulE
Askzolol E3o] gt

0.003906
0.003906
0.062500

Property MIL-L-27502

Viscosity, centlstokes -

At 500°F (260°C) 1.0 min
At 4009F (204°C) -

At 210°F (98.90C) -—

At 1009F (37.8°C) -

At —400F (-400C) 15,000 max

Pour point, max
Flash point, min

-659F (-540C)
4759F (246°C)
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Table §

PRODUCTS RESULTING FROM REACTION OF PENTAERYTHRITOL
‘ AND AN ACID MIXTURE

Components of Acid Mixture: Valeric Acid, 25 molZ
Heptanoic Acid, 50 molZ
Pelargonic Acid, 25 molZ

Reaction:
C5H1204 + C5H.1002 + 2C7H—l«402 + C9H1802 D — C33H6008 + 4H20-
PE Valeric Heptanoic Pelargonic PE Tetra-

acid acid acid ester

Acyl Groups per Molecule
-of PE Tetraester
Compound Functionality Valerate Heptanoate Pelargonate

Number of Polyol (xX) (Y) (Z) Mol Fraction
1 4 4 0 0 0.003906
2 4 3 0 1 0.015625
3 4 3 1 0 0.031250
4 4 2 0 2 0.023438
5 4 2 1 1 0.093750
6 4 2 2 0 0.093750
7 4 1 0 3 0.015625
8 4 1 1 2 0.093750
9 4 (1 2 1 0.187500

10 4 ‘l 3 0 0.125000
11 4 0 0 4 0.003906
12 4 0 1 3 0.031250
13 4 0 2 2 0.093750
14 4 0 3 1 0.125000
15 4 0 4 0 0.062500

1.000000
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ot ddHez AR AlEEL e FAE
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VISCOSITY, cSt ot -40°F

Figure 2

EFFECT OF ACID-CHAIN BRANCHING ON VISCOSITY
AT -40°F OF PENTAERYTHRITOL ESTERS
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Table 6

PROPERTIES OF PENTAERYTHRITOL FATTY ACID ESTER
SYNTHETIC LUBRICANT BASE STOCK

PE Fatty Acid Ester

Viscosity, cSt

At 210°F ' 4.95
At 100°F 25.1
At O°F 595
At -40°F 6,284
Pour point, OF =30
Specific gravity, 25°C 0.993
Color, ASTM 2.0
Flash point, ©F, COC 480
Fire point, OF, COC 555
Auto ignition temperature, ©F, ASTM D2155 790
Moisture content, % 0.02

Foaming tendency, ASTM D892

Sequence I Nil

Sequence II Nil

Sequence III ' ' Nil
Evaporation, wtZ

After 6.5 hours, 400°F 4.3

After 22 hours, 300°F 1.06

Shell 4-ball wear test

Scar diameter, mm 54°C, 600 rpm, 1 hour

1 kg load 0.18
10 kg load 0.41
40 kg load 0.66

Source: 429286 (Stauffer Chemical Company).
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F. 3 53189 HE

£871-4 24 AFH-E]E= neopolyol estersol]
e B35S o B oJES F¥FHe=z A
Es] HH olg F3EL ©Ye neopolyol,
monohydric ¢3Z& && o} L5 &%
3 Hox st} mono FF2EAGE A LT
ndH el HHPFARL A 23 W 7]eg B
ol it oxE| =23} ¥h-& dir|gsidlA F
o ¢} azeotroping agent 2] z|efo]i} vixlgo 2
FP et ¥E o] E3Eo| JaHZES) vt
SZAE HYE vehlin Juk& AdEe ¥
FEAY 7128 BA7] A TES AEAEE
2 olF &3 y&idol= it

WA H oz S3dgdre RE AFEEES
HREAIZET 2SS HAF 3] o AlEe
Sl 9A AE4dE AT o Aoz
AAE AT AEE ¥E O FlEEA N &
g 7F2EAREO] 7HE AMEET EXgte B
Hoz e Ak A8 AALE ot 2}
2] AgoMe Aoz AER A Z2
FZ abgo] AMEE ASE UNTH WS ALE
M A ZA FA7IRET FET AU
ES oM HEH S8R Al A
HAh. acyl7] g2dAEe] 87 =EE FEHY
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E-3{(11)+= neopolyol ester(trimethylol prop-
anetriheptanoate) 9} A% <3 £ &2
H(F2 £433F trimeric® tetrameric dec-
ene-1)9ke] E¥-& Yehjz 9ot 20 FA
AE2] neopolyol esterg& TE3= HjFge
MobilAFg] “Mbil 1”3 ChevronAte] “Subzero
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& WA 7)7] H8 ARs-Ech

G. o223} uks- | whed

FEA a2 Bxpoz viehd Hhge
=50l gd 1=

(1) For PE (88 wtZ of technical PE):

CsH10%

valeric acid .

C5H1206 + 2C7H1602 ——— C33H60°8 + kﬂz?
PE heptanoic acid _ FE
tetraester
CoH, 0

271872
pelargonic acid

AHp = -30.4 kg-cal/gu-mol (~54,700 Btu/lb-mol)

(25°C; solid PE;-1iq. acids, tetraester, water;
exothermic)

(2) For di-PE (12 wtX of technical PE):

1 .5C5H1002

valeric acid
Clofa2% * § 3GHLO, — C5pflg, 013 + 6HYO
di-PE

heptanoic acid d1-PE

hexaester

1. SCQHIBOZ

. pelargonic acid

ma.; = -575.3 kg-cal/gm-mol (1,035,400 Btu/lb-mol)

(25°C; solid di-PE; 1lig. acids, hexaester, water;
exothermic)

PEs} 3712 AHe#te] whgo 2 AAFE 157}
PE tetraesterse] ZAL ¢o} 38 REA
=9 =AUtk FUS AL AMgEHE di-
PE(functionality=6)3} 37} AFS2EE A
8 & FHREY Jd2HEZEY = £ 287)
olt}h. o|AL 15+289 &<l 43719 t}E &
o] ojAEHZES RFEUE RS LT o)HS
vt2 §37] AlE BHolwlg &8F AZE Y
ST7EE FHAS 25 MY 483 AHEL
AFshs ClaH2E9 tFEzolr). olF 437
o] JzHZEE FH7] AT w9 vh3d9
A Aol BAFE Ax Zo] T HF o=
gz 822 (PE tetraester®} di-PE hexae-
ster)ol] 7|28 FH9 shet w4 7)1
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500 260 18.8 18.2
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