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Fig. 1-1. Energy requirement in barrels of oil,
including oil feed stock, is relatively low
for RIM compared with other process.
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Fig. 1-2. Clamping force for RIM is low compar-
ed with injection molding and SMC.

Nylon RRIM Programmable controller  LED display | Control functions
machine schematic i St 0jofo4] Dafa 1. Output in Ip. /sec.
(- -{olofor@]. oY 2. A ratio
: ] Hl thﬁm?f 3. B ratio
== == : ————-{i] “wheels 4. Specific gravity (A)
(A) R Control 5. Specific gravity (B)
cornponent | ~4 function 6. Pour pressure (A)
iy Fiow | selector 7. Pour pressure (B)
= — ke controt | _ : Metering
i valves H cylinder
] . flushing unit
Coanxiai feed lines — Metering !
=il BN cylinders\ 1 N
> Ny
3 \
B) 1 Jd Mixing
component :. head
i
= | it Thermocouple -
— = Pressure - ‘ i @‘
ransducer ——
4 Accumulator
Pump ™ Heaters Hydraulic unit

With independent control of oil heating systems, A-side temperatures of nylon RRIM machine can
be increased. Five heat zones per component side are monitored by thermocouples.

Fig. 1-3. Nylon RRIM machine schematic.
= Sl E ¢k 15~2084 tg o= ZF83) o,

RIM4 3 %9 S5 ¥oke ol q7hx 454 ¥
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Schematic diagram of the Krauss-Maffei
mixing-head technology-mixing-head in the
re-circulating position.

Fig. 1-4. Schematic diagram of mixing head.
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Schematic diagram of the Krauss-Maffei
mixing-head technology-mixing-head in the
mixing position.
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MA A = AF4-3Le] wkE polymeric polyole] 7}
Z e ehe ol TSt EAdeh(Fig.s
1)16,17-
TEA e TA R A ew AdAdA =
polyele] s A)A]ql bis-acyl latamz} ul-g&}e]
polyesteramide pre-polymerZE =nlEc}, o]« ac-
yl lactam-terminated pre-polymers} = x & 3}
eko] A} A A Ap&3ke),  acyl lactams}l polyol
¢ ¢]E pre-polymere] E=xlug ZAste At
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Table 3-1. Properties of High-Modulus NBC-RIM.

Nylon Urethane
Material NBC 20%°® RIM 125¢ RIM 200%
Shore D Hardness 70 70 80
Tensile Strength, psi 5100 4100-4500 4500
Elongation, % 270 100-120 50
Tear Strength, Die 990 750-850 1000
C, psi
Flexural Modulus,
psixX10®
@ —20F 250 220-260 380
--@ 72F 115 125 200
@ 158F 62 37-45 60
Heat Sag, in.
@ 325F, lhr 0.06 0.3-0.6° 0.5°
sImpact Strength
Notched I1zod, ft- 13 5 2
1b/in
Gardner @—20F,
in.-1b >160 <20 —
Specific Gravity 1.1 1.0 1.0

eContains 20% propylene glycol.
5Products of Union Carbide Corp., Danbury, Conn.

; ‘Heat sag @ 250F.

Material Urethane NBC
RIM 125 202 Polyol
Reinforcement None 16 % Glass None 25% Glass.
Flexural Modulus,
psiX10® 125 212 115 275
Gardner Impact,
in.-1b 80 16 160 140

Growth on Water

Immersion, % — —
Coefficient of

Thermal Expan-

sion, in./in./°F

xX107° 60 34 70 29
°Product of Union Carbide Corp., Danbury, Conn.

2-2.7 1.5

T2 gk

ol 29 FeE3 8 2 (PPG, PTMG, PEG,
Polybutadien diol)-& u}-% EE
o}, S AHgdle Edls sl=aEEkal Gri-

gnard] ok (ethyl magnesium bromide)-&- 4F-2-2]

24z 452 + 9

71 caprolactam magnesium bromideo) o},
2E VS FAL 2L AAL F T4 Y
A (N, Ar) 2 %371 & FAAA T8
e},
3-2. NBC RIMZ2| &
NBC RIM¢] #z 2§ % Fig.3-28} 2o},
stz 2eee 4Ld 4 2A e (m.p. 69°C)

e coge WOBYL 4AAAH ds
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Fig. 3-1. Representative reactions

(R) (8)
Bis-acyl~ Catalyst,
tactam, Capro-
Polyol, 1agtam
Caprolactam Separate
3 Streams
] 80-85°C
‘:*Pump | Pump —,
Static Mixed
Mixer Reactants
70-75°C
Seccndary
Injection
Cylinder

Polymerization
130-140°C

Fig. 3-2. Shemetic diagram of experimental WBC-
RIM equipment.
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o w2 AAAY] FEEd we} g& HeE
Wslsle]  E=x}gko] 2,0009)0 PPG AH§4 NBC
RIM¢| £4-& Table 3-29} 2}

Zelolul2e] o] Folsid °1°é
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8-4. High Modulus®| NBC-RIM
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2 A A HE S-S vEkd o2 30%
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Table 8-2. Effect of Polyether Content on NBC

Percent Polyether
0 10 20 40

Shore D Hardness 84 83 78 62
Tear Strength K N/M 319 228 140
(PLI) (1820) (1300) (800)
Tensile Strength M Pa 74,4 53.7 44.1 36.5
(KPSD) (10.8) (7.8) (6.4) (5.3)

Tensile Elongation % 30 35 285 490

Flexural Modulus M 2689 1931 1517 214
Pa(KPSI)  (390) (280) (2200 (3D
Notched Izod Impact 32 85 998 N.B.
J/m(ft-1b/in) 0.6) 1.6) (.7

E7F RIMell  A431E
AL Bl Fr), =3t
ber glass matZ& %zl
T TR0 ¥ +EH

oY AR 92
milled glass fiberd] 4] fi-
A171 NBC® a3 A4
E=AR FE gl

4. O|=A|H HISAIEAME(RIM)

ol 4 RIMe =2 u] 3¢ Shellajel] 4 A4k
He] gtor, ZrA wige] AFABHASE §

o ok =A gD dAe Fan gde
| %A RIMel d#l I4E 27 % = e

3]4F2= A AW E] milacron,

motorsa}l5-o] 9lt}

BeAEAY o ol AL ) gal 2k
 REEEE EE R DS RS L
=4 028 FAHAF Qojdbel s, o FA
+AE A EFLF L2E okl ¥
o 453 H,

F2) ol shol BT ol FA A9 Tl @A
Table 4-16] ReA< Lol 714 Fejz $3:
Fe)Salutuel o %A $A%0) o F& B0l
e depdth AFA 4 QA Ede
= 257 23 WFEde] Fon, Tl v
24 A gm, 9% SEot $ul el o)
A Fe 540 Uu

4-1. O|ZA| RIM2| zistitE
o] Z2] RIM-& bisphenol A2} epichlorohydrin
2] 8244 4 59 DGEBA(diglycidyl ether of

Table 3-3. Reinforcement for NBC-20% Polyol Polymer Matrix

Impact Strength Thermal Expansion

Flex Izod Gard
Reinforcement Modulus Z0 ardner
M Pa /M ] cm/cm/°CX 10~
Material % (KPSI) (ft-1b/in.) (in-1b) (1°FX107%
Unreinforced 0 965 801 >17.8 122
(140) (15) (>160) (68)
Process Mineral Fiber 25 2331 117 63
(338) 2.2) (35)
Wollastonite-G 25 2179 181 3.9 81
(316) (3.4) (35) (45)
P-117B 1/16” Milled Glass 25 2344 214 3.9 47
(340) 4.0) (35) (26)
Chopped 1/16"" Glass 8 1758 267 3. 43
(255) (5.8) (30) 24

#a|H A 84 A 5% 19843 109
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Table 3-4. 20% Polyol NBC-Glass Slurry Viscosi
ties

Wt. % (1/16"" milled  Viscosity-Centipoises*

glass fiber) Polyol Catalyst
0 96 60
10 212
20 378 268
25 499 3/5
30 669 626
35 1074
40 1954 2074

‘Table 4-1. Relative Performance of Epoxy vs. PU
and other RIM Materials

Epoxy

Modulus 4+
Tensile +
Service temperature(HDT) ++
Heat Sag(SAE) +
Toughness(impact) —
Chemical resistance +4
Creep & fatigue -+
Coeff. of linear thermal expansion +
Reaction time ~to+
Postcure +
Sensitivity to stoichiometry ++
bisphenol A)s} ﬁi}ﬂ 18] Zz]otul, EF)olux=

Ex ATTEY u-s& o £3 7401"4 S
& ol &4 =A] 9} ’ilzd &8t stask do
e, wbdde] AFFEL SulE 2oy Abzbe}
nlel]l &3 AM3ke] S w24 A9} wh-gEhe
a7t defrde},

AAA =R 25 ¥4 2% Eelelnloz DETA
(Diethylene triamine), TETA(Triethylene te-
tramine), AEP(N-aminoethyl piperazine)Z-o]
gom, AFFEL NMA(nadic methyl anhy-
dride)e} MTHPA(Methyl tetrahydrophthalic
anhydride)%o] Alzteln) 6 == BDMA(Benzyl
dimethyl amine) == DMP-10(Dimethyl am-
inomethyl phenol)Eo] ¢l t}e,

r_‘i
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Fig. 4-1. Epoxy chemistry-curative path ways.
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BhE RIMIH 49} 7o] o] T4 RIMTY =,
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dubgo g AuE ZelonA AsAE L=t
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Fig. 4-2. Viscosity-Temperature profiles for Epon
resins.

COMPONENT A
\-
f-—av\
j 3

(1) Sample station(bypass or dispense)
(2) Variable flow rostrictor
(3) High pressure metering cylinder
(4) Mix head(bypass or dispense)
V1, V2, V3—Remotely activated valves
Fig. 4-3. Schematic of one reactant side of RIM
machine.
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Table 4-2. Epoxy RIM Material Taget Properties

Flexural modulus 1725-3450MPa

(2.5-5.0X10* psi)

Tensile strength 34-69MPa
(5-10% 10* psi)
Service temperature 100°-159°C
(HDT/264 psi)
Toughness(notched izod) 27-54]/m

(0.5-1 ft lb/in)
35X10~° in/in°F
—1% woight gain

Coeff. of thermal expans

Chemical resistance
(acetone -or H,0 boil)
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Table 4-3. Mechanical Properties of Epoxy Resins Cured with Poly Amine and Polyamide

Resin A Shell Epon®
Curative B Polyamine

Mix ratio(A.B) 3.3: 1w/w

Mold temp 131°C

Tons. str.(MPa) 69 (10.0X10° psi)
Tens. modulus(MPa) 2966 (4.30X10% psi)
Elongation(%) 6

Flox str.(MPa) 99 (14.0X10° psi)
Flex mod.(MPa) 2745 (3.98X10% psi)
% Mod. reteniton(120°/30°) 54

N.I Impact(J/m) 24 (0.44ft 1b/in)
Inst. impact(J) 4.4-2.9 (~39(26)°

in 1b)
HDT(°C, 264psi) 118(121)°

Heat Sag(in), 1hr/250°F (0.05)°
+1hr/325°F  (0.36)°
CLTE(in/in/°F) 31x10°°

*Molded at 152°C

Resin A

Curative B

Shell Epon®
Polyamide

Mix Ratio(A.B) 1.85:1 w/w

Mold Temp 122°C
Tens. str.(MPa) 49 (7.1X10° psi)
Tens. modulus(MPa) 2690 (3.90X 10* psi)
Elongation(%) 8
Flex str.(MPa) 79 (11.4X10% psi)
Flex mod.(MPa) 2248 (3.26Xx10% psi)
% Mod. retention(80°/30°) 40
N.L¢ Impact(J/m) 30 (0.55ft 1b/in)
Inst. Impact(J) 2.3 (~20 in Ib)
HDT(°C, 264psi) 72(67)°
Heat sag(in), 1hr/250°F 0.19

~+1hr/325°F 0.25

¢Notched Izod
sMolded at 134°C

Table 4-4. Comparison of Unreinforced and Reinforced Epoxy Systems

Resin system DGEBA*
% glass® 0
Flexual strength,

1,000psi (MPa) at 77°F 11.5(79)
Flexual modulus,

1,000psi (MPa) at 77°F 374(2580)
Tensile strength

1,000psi (MPa) at 77°F 7. 3(50)
Izod impact (notched)

ft-1b/in(J/m) -
Izod impact (unnotched)

ft-1b/in(J/m) 3.35(179)
Heat defl.temp., °F(°C) 147(63.9)

DGEBA® Cycloali- Cycloali- Cycloali-
phaticé phatice phatic?
21. 3¢ 0 14.7° 27.3f
16.1(111) 9.8(68) 17.0(117)  22.1(152)
590(4070) 300(2070) 500(3450)  710(4890)
8.1(56) 5.7(39) 8.6(59) 13.1(90)
6.4(342)  0.47(25) 3.33(178)  8.41(449)
7.0(374) — _ —
152(66.7) 138(58.9) 176.5(80.2) 482(250)

a. DGEBA diglycidyl ether of bisphenol A, RIM plaques of DGEBA/MTHPA (methyltetrahydrophth-
alic anhydride) System were molded in 3-min Cycle at 300 to 305°F.
b. Polyol-flexibilized cycloaliphatic-diepoxide/MTHPA system plaques molded in 3-min cycle at 310

to 315°F.

c. Continuous strand glass mat. d. 3 oz/ft* e. zoz/ft? f. 4 oz/ft? Data Courtesy of R. Kubiak, Cincinn-

ati Milacron (SPI RP/C Conf., Feb. 1980)
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