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Supplementary Text

Materials

Celazole® PBI S10 solution containing ~ 9.5 wt% PBI (with a molecular weight of 35,000 Da)
was purchased from PBI Performance Products Inc. (Charlotte, NC). PPA and methanol were
obtained from Sigma-Aldrich Corporation (St. Louis, MO). Ultrapure H2, CO2, C2Hs, and N2
were provided by Airgas Inc. (Buffalo, NY).

Superior Ho/CO2 Separation Performance of PBI-PPA¢.30/CMS600

Table S1 compares PBI-PPAo.34 and PBI-PPA0.30/CMS600 with cross-linked PBIs and leading
CMS membrane materials for Ho/COz separation. Among all cross-linked PBIs, PBI-PPA¢ 34
shows the best combination of high H2 permeability and high H2/COz selectivity at 150 °C (21,
24, 25). After the carbonization, the obtained PBI-PPA0.30/CMS600 also displays H2/CO2
separation performance superior to other CMS materials (4, 38-40, 44). Fig. S1 also compares
PBI-PPA0.30/CMS600 with the leading inorganic membranes for H2/COz separation. The PBI-
PPA0.30/CMS600 shows one of the best H2/COz separation properties, in addition to the
simplicity for the fabrication of the polymeric membranes compared with those inorganic
membranes.

Determination of the PPA doping level

Fig. S2a presents the doping level of PBI-PPA films as a function of the molar ratio of PPA to
the PBI repeating unit in the solutions. Increasing the acid amount in the solutions increases the
doping level. At the same molar ratio, the thick films show a slightly lower doping level than the
thin films due to the self-limiting diffusion, i.e., the gradual formation of cross-linking on the
surface may limit PPA diffusion into the films. Fig. S2b displays the effect of the doping time on
the doping level of PPA in a PBI thin film of =~ 12 um and a thick film of 50-70 pm. The doping
level increases with increasing doping time and levels off after about 48 h for the thin film and
about 120 h for the thick film. Therefore, the doping time in this study was set at nominally 72 h
for the thin films and 168 h for the thick films to ensure that the acid is evenly distributed in the
films.

Fourier-transform infrared (FTIR) spectra of PBI-PPA, PBI/CMS600, and PBI-PPA.30/CMS600
Fig. S3a illustrates the strong interaction between PPA and PBI by FTIR spectra of PBI-PPA
films. The characteristic peak at 910 cm ™! representing the P-O bonding indicates the existence
of PPA. The peaks at 870 and 945 cm™! can be ascribed to P(OH)2, which are somewhat
diminished in intensity in the spectra of PBI-PPA, indicating the loss of protons in PPA due to
proton transfer. Fig. S5a compares FTIR spectra of PBI, PBI-PPAo.30, and their CMS films
carbonized at 600 °C. The peaks at 3342, 1625, and 1290 cm™! in the PBI represent -NH, C=N,
and C—N bonds in the imidazole ring, respectively (53). The peak at 3342 cm ™! disappears in the
spectrum of PBI-PPAo.30 because of the hydrogen bonding between —NH and PPA. Those
functional groups disappeared after carbonization, indicating the opening and degradation of
imidazole rings.

Density of the PBI-PPA thin films
The density (p») of the PBI-PPA thin films can be described using an additive model:
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where w is the weight fraction, and the subscripts of p and a represent the PBI and PPA,
respectively. In this model, the density of PBI and PPA is assumed to be independent of their
composition. As shown in Fig. S3b, the p» can be satisfactorily modeled with a p, valued of =
2.25 g/cm’ that is higher than the density (= 2.00 g/cm?) of pure PPA, suggesting the tightened
structure in the PBI. The results suggest that the PBI may have a different density from the pure
PBI. However, there is no other way to obtain the density of PPA and PBI in PBI-PPAx, which
are needed for the analysis of the free volume. Therefore, the model is used in this study (23).

FFV of the PBI-PPA thin films
The specific volume of PBI-PPA films at around 150 °C can be estimated using Eq. S2 (24):

Ve =Vir (14 @rAT) (Eq. 82)

150°C

where Visoec and Vrr are the specific volume at 150 °C and 23 °C, respectively. AT equals 127 K
(i.e., the difference between 150 °C and 23 °C). ar is the average volumetric thermal expansion
coefficient in the PBI-PPA and can be estimated as (24):

ar=@,0,+¢.a, (Eq. S3)
where @, and ¢, are volume fractions of the PPA and PBI respectively. a. and o, are volumetric
thermal expansion coefficients of the PPA and PBI, respectively. The ap is 6.9x107° K™! (24).
However, no aa value was reported for PPA, and the value of 4.8x10 K™! (& of phosphoric

acid) was used due to their similar structures. The details of the calculation for the FFV at 150 °C
are recorded in Table S3.

Gas transport properties of PBI-PPA thin films describing by the free volume model

The PPA doping mainly affects Hz diffusivity (instead of solubility), and its permeability can be
described using the free volume model:

P, = Apexp(-B, /FFV) ....... (Eq. S4)

where A, is a pre-exponential factor, and B, is a constant related to the penetrant molecular size.
Fig. S3c shows that both H2 and CO:2 permeability can be described using the model with the B,
value of 0.28 for Hz and 1.5 for COz, consistent with the larger molecular size of COz. Besides,
H2/CO:xz selectivity can also be satisfactorily described using the model.

TGA and DTA curves of PPA, PBI and PBI-PPAo34 thin films

Fig. S4 shows the TGA and DTA curves of PPA, PBI, and PBI-PPA.34, respectively. PPA starts
to degrade at around 150 °C and displays two sharp DTA peaks at =~ 300 °C (formation of
(HPO3)») and = 600 °C (formation of P and P20Os). Besides, both PBI and PBI-PPAy .34 films are
thermally stable up to = 200°C, and PBI-PPAo .34 shows a mass loss between 200 and 400 °C due
to the PPA decomposition. The introduction of the PPA decreases the decomposition
temperature of PBI from = 600 °C to = 530 °C. PBI and PBI-PPAo.34 have a similar mass loss at
600 °C, suggesting that the degraded PPA still exists in PBI at 600 °C. Fig. S5b shows that the
mass loss of PBI-PPA/CMS600 increases with increasing doping level due to the decomposition
of PPA. Fig. S5c¢ displays the Raman spectra, confirming the carbon structures.

Positron Annihilation Lifetime Spectroscopy (PALS) of PBI-PPA and their CMS films

Typical lifetimes (z, ns) and their relative contributions or intensities (/, %) in polymers can be
categorized as follows. The shortest lifetime is attributed to self-annihilation of para positronium
(p-Ps), (zp-ps or 77) at nominally 0.125 ns, the intermediate component is due to the direct




positron-electron annihilation lifetime (z2) at around 0.35 — 0.5 ns, and the longest is due to
ortho-positronium “pick-off” lifetime (zo-»s or 73) at around 1 — 5 ns. However, in the presence of
functional groups having large electron affinity (such as the nitroaromatics consisting of imide
functionalities used in the current study), there is often positron inhibition or quenching that can
affect both the measured lifetimes and their relative intensities. Here, the lifetime analysis is
conducted at intervals of 1 million counts until the maximum number of counts (nominally 4
million to 5 million counts in each case) to understand the possible effect of positron and
positronium quenching over the data acquisition period. Specimens in this study predominantly
exhibit at least one lifetime, 12~ 0.35 — 0.37 ns that corresponds to positron-electron annihilation
process and an additional 13~ 1 — 2 ns component with low relative contributions. In scenarios
where there is a 13,2 nominal 71 contribution is expected, and this was accounted for by adding
and constraining 11 = 125 ps and assuming that the ratio of the I3/I1 = 3. The final analysis is
derived based on the assumption that the samples contain a log-normal distribution of t2 (where
the average 12 and its corresponding 62 are estimated) along with 11 and 13 (where positronium
contributions are observed).

The semi-empirical Tao-Eldrup model is typically fit to 13 data to obtain an average
radius of nanoscale pores (R) according to Eq. S4 when the contributions in I3 > 2 %. The
modified version of this equation (Eq. S5) can be utilized toward fitting 12 in samples that do not
contain o-Ps contributions or when I3 < 2 %. However, since the majority of the specimens in
this study display positron/positronium quenching over the data acquisition period, only the
lifetimes and their relative contributions from the first million counts is instead presented in Fig.
S5d and Table S4

Ty =05 [1 T R+l 656 + o sm. (Rfﬁgﬁé)]-il (Eq. 55)
Tz = 0,20 [1 T R+3.323 + 2m (R-r-z;.zzs)] (Eq. 56)

Elemental analysis by EDS

Table S6 shows the elemental composition of the cross-section of the PBI-PPAo.30 and PBI-
PPA030/CMS600 films. The measured P/C molar ratio in the PBI-PPAo.34 and PBI-PPAo.30 film
are ~ 0.034 and = 0.028, respectively, which are close to their corresponding theoretical values
(0.034 and 0.030, respectively). Both PBI-PPAo 30 thick and PBI-PPA¢.30/CMS600 films show
consistent N/C molar ratios and decreasing P/C molar ratios from the surface to the center,
indicating that the PPA content is higher on the surface than the center caused by the self-
limiting diffusion. The pyrolysis decreases the N/C ratio while retaining the P/C ratio, suggesting
that the loss of the N but not for P after the pyrolysis.

Mechanical properties of PBI, PBI-PPAo.30, and their derived CMS films
Fig. S5e.f shows strain-stress tensile plots of PBI, PBI-PPA¢.30, PBI/CMS500, and PBI/CMS550
obtained using the tensile test at 150 °C. The PPA doping decreases the fracture strain but
increases the modulus value (Table S7), indicating that the acid doping leads to a ductile-to-
brittle transition. PBI/CMS displays much lower fracture strains than PBI, and the strain
decreases with the increasing carbonization temperature. It confirms that high carbonization
temperature produces less flexible CMS membranes.

PBI/CMS600 and PBI-PPA0.30/CMS films were too fragile to be tested using the tensile.
Therefore, their mechanical properties were tested using the three-point flexural test, as shown in
Fig. S5g,h. Both PBI/CMS500 and PBI-PPA0.30/CMS500 have good extensibility and flexibility.




However, PBI/CMS600 and PBI-PPA¢.30/CMS600 display low strains and high modulus values
(Table S7), indicating that the films are becoming stiff and rigid after the carbonization at 600
°C.

Table S8 records the mechanical properties of PBI or carbonized materials for H2/CO2
separation. Our PBI and CMS materials show comparable modulus and fracture strain compared
with thermally rearranged (TR) polymers or other CMS materials.

Gas permeability of PBI-PPA thin films and PBI-PPA/CMS films

Fig. S6a,b shows that CO2 permeability of PBI, PBI-PPA¢.34, PBI/CMS600, and PBI-
PPA0.30/CMS600 can be satisfactorily described using the Arrhenius equation with the
parameters recorded in Table S9. The PPA doping increases the Ep.4 values for both H2 and CO2
because of the decreased FFV, and the carbonization decreases the Ep 4 value due to the
increased FFV.

CO. diffusivity and its dependence on the temperature

Fig. S6c shows that CO:2 diffusivity can be satisfactorily described using the Arrhenius equation:
D,= D(),Aexp(_ED,A/RT) (Eq. S7)
where Do is a pre-exponential factor, and Ep 4 is activation energy of the gas diffusion. The
fitted values of Do.4 and Ep 4 are recorded in Table S10. PBI-PPAo.34 has higher Ep, 4 value (42
kJ/mol) than PBI (39 kJ/mol), consistent with the lower free volume of PBI-PPAo.34. After
carbonization, Ep 4 value decreases due to the increased porosity. Interestingly, PBI-
PPA0.30/CMS600 has higher Ep.4 value (27 kJ/mol) than PBI/CMS600 (22 kJ/mol) because of the
stronger size-sieving ability of PPA0.30/CMS600.

Effects of Tc on physical properties of PBI/CMS

Fig. S7a shows that the bulk density, skeletal density, and porosity of PBI/CMS increase with
increasing 7c¢ due to the increased mass loss. By contrast, increasing the 7c¢ value decreases the
d-spacings for the CMS samples because of the densification, as shown in Fig. S7b. These results
indicate that increasing 7c increases the concentration of the free volume elements but decreases
their volume. All of the CMS samples exhibit higher d-spacing than their corresponding polymer
precursors. Fig. S7c shows that the mass loss of both PBI/CMS and PBI-PPA0.30/CMS increases
with increasing Tc values.

Gas sorption isotherms of CMS samples

Fig. S8a,b displays CO2 and C2Hs sorption isotherms of PBI/CMS600, PBI-PPA.30/CMS500,
PBI-PPA0.30/CMS550, and PBI-PPA(.30/CMS600 at 150 °C, respectively. The sorption can be
described using the dual-mode sorption model with the values of the adjustable parameters
recorded in Table S5. Cj; values for CO2 and C2He increase tremendously from PBI to
PBI/CMS600 because of the increased porosity. By contrast, the carbonization of PBI-PPAo.30
increases the Cj; value for COz, but decreases the Cj; value for C2Hs, presumably because the
newly created pores are too small for C2Hs to access. In general, increasing 7c¢ values increases
the Cy; values. Fig. 8c shows the effect of carbonization on the C2Hs solubility and CO2/C2He
solubility selectivity of PBI-PPA0.30/CMS at 150 °C.
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Superior H,/CO; separation in PBI-PPA(30/CMS600, demonstrated by the comparison with
the leading inorganic membranes for H2/CO: separation. Details of these inorganic membranes
are listed in Table S2.
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Manipulation of the PPA doping degree in PBI thin films. (a) Effect of the PPA/PBI molar
ratio in the doping solutions on the doping level in the films at equilibrium. (b) Effect of the
doping time on the doping level in PBI-PPA. The molar ratio of PPA to the PBI repeating unit in
the solution is 1 for PBI thin films and 0.5 for thick films.
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Physical and gas transport properties of PBI-PPA films. (a) FTIR spectra of PBI-PPA. (b)
Correlation of //p» with the w. in PBI-PPA using the additive model (Eq. S1). (c¢) Pure-gas
H2/COxz separation properties of PBI-PPA as a function of 1/FFV. The lines are the best fits of

Eq. (3).
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Thermal properties of PBL, PPA, and PBI-PPA34. (a) Thermal gravimetric analysis (TGA) and
(b) derivative thermogravimetric analysis (DTA) of PBI, PPA, and a representative PPA doped
PBI sample, PBI-PP Ao 34.
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Physical properties of PBI-PPA/CMS films. (a) FTIR spectra of PBI, PBI/CMS600, PBI-

PPAo.30, PBI-PPA0.30/CMS600. (b) Effect of the doping level on the mass loss of PBI-PPA when
pyrolyzed at 600 °C. (c) Raman spectra of PBI-PPA/CMS600. (d) Average positron-electron
annihilation lifetime (12) and its corresponding distribution (o2). Strain-Stress tensile plots of (e)
PBI and PBI-PPA.30 films, and (f) PBI/CMS500 and PBI/CMS550 films obtained using the
tensile test at 150 °C. Strain-Stress tensile plots of (g) PBI and derived CMS films, and (h) PBI-
PPAo.30 and derived CMS films obtained using the three-point flexural test at 23 °C.
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Effect of the temperature on pure-gas transport properties of the pristine and carbonized
polymers. (a) CO2 permeability, (b) H2/COz selectivity, and (c) CO2 diffusivity of PBI, PBI-
PPAo.34, PBI/CMS600, and PBI-PPA0.30/CMS600.
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Effect of Tc on physical and gas transport properties of PBI/CMS and PBI-PPA30/CMS.
(a) Mass loss of PBI and PBI-PPAuo.30, (b) skeletal density, bulk density, and porosity, and (c)
WAXD patterns of PBI/CMS samples. (d) Pure-gas H2 and CO2 permeability, and H2/CO2
selectivity of PBI/CMS at 150 °C.
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Gas sorption and solubility in PBI/CMS and PBI-PPA.30/CMS. (a) CO2 and (b) C2Hs
sorption isotherms of PBI/CMS600, PBI-PPA¢.30/CMS500, PBI-PPA¢.30/CMS550, and PBI-
PPA0.30/CMS600 at 150 °C. The curves are fittings using the dual-mode sorption model with the
parameters shown in Table S5. (¢) C2Hs solubility and CO2/C2Hs solubility selectivity of PBI-
PPA030/CMS at 150 °C and 11 atm.



Table S1.

H»/CO; separation properties in selected membrane materials for comparison (cf. Fig. 1F). Mixed-gas contains 50% CO, and 50% Ho.

. Mixed- or Temp. H> perm. H2/CO2
Materials pure- gas (°C§) (Bfrrer) selectivity Ref.
C 1 PBI-PPAo.34 Pure 150 25 71
CMS in this .
Pure 150 140 58 This study
study 2 PBI-PPA0.30/CMS600 Mixed 150 116 33
3 PBI/CMS800 Pure 100 640 17
4 PBI/CMS900 Pure 100 54 80 4
PBI/CMS900 Mixed 100 39 53
5 Kapton/CMS1000 Pure 50 7.2 161
:;tat&'\zg‘the' 6  Kapton/CMS1100 Pure 50 0.32 343 (40)
7 P84/CMS900 Mixed 100 20 16 (39)
8 PBI/Matrimid/CMS1000 Pure 35 91 25 (38)
9 Cellophane/CMS600 Pure 30 39 59 (44)
10 Cellulose/CMS700 Mixed 90 225 31 2
PBI Mixed 200 45 15 (24)
11 PBI-TCL(6 h) Pure 150 21 23 21)
PBI-(H3PO4)o.16 Pure 150 12 35
:rtta;eofyfrf;fs 2 PBI(H3POs.16 Mixed 150 12 34 o0
13 PBI-(H:POu)10 Pure 150 1.5 140
14 PBI-(H2S04)0.24 Pure 150 7.4 47

15  PBI-TBBoi3 Pure 150 9.6 24 (25)




Table S2.

H>/CO, separation properties in selected inorganic membrane materials for comparison (cf. Fig.
S1). Mixed-gas contains 50% CO; and 50% Ha.

) Mixed- or Temp. H> perm. H2/CO2
Materials pure- gas (°C§) (B};rrer) selectivity Ref.
Si600 Mixed 200 1493 71 (45)
Zeolite composite Mixed 200 209 20 (54)
RUB-15 Mixed 200 67 106 (16)
2D Zn2(Bim)4 Mixed 200 5000 90 (55)
2D Znz(Bim)3 Mixed 120 2400 166 (56)
GO Pure 135 40 40 (57)
GO Mixed 100 450 250 (46)
ZIF/GO Mixed 250 388 14.9 (58)
iCONs Mixed 150 2566 22.6 (59)
MXene Mixed 25 32 27 (60)
MoS2 Pure 160 1700 8 (61)
2-C3N4 Pure 250 1450 10 (14)
Calcined silica Pure 200 60 36.4 (62)
Table S3.

Calculation of the FFV values for PBI-PPA films using the group contribution method at 23°C
and 150°C.

. PPA 23°C _ 150°C
Doping content hw pb V w V
level (x) (WE%) (cm*/mol)  (g/cm?) (cm/mol) FFV  (10°K™ (cm/mol) FFV
0 0 154.6 1.286 239.5 0.161 6.9 241.6 0.168
0.23 11.7 170.6 1.357 257.1 0.137 9.8 2604 0.148
0.34 16.4 178.3 1.384 266.3 0.130 11.1 270.0 0.142

0.42 19.5 183.9 1.401 273.2 0.125 11.9 2774 0.138




Table S4.

Average positron-electron annihilation lifetime (z2) and its corresponding distribution (o2), 0-Ps
lifetimes and intensities of various samples. The standard deviations for all samples are based on
the nonlinear least-squares fitting process carried out using a commercial software, where a
reduced y? of less than 1.1 was used as a metric to guide the assessment of model fit.

Samples T2av (NS) o2 (ns) 73 (nS) 13 (%)
PBI 0376 £0.003  0.109+0.008  1.843 +£0.023 18.1+0.4
PBI/CMS600 0.364+£0.001  0.081+0.003 -- --
PBI-PPAo.30 0.361 £0.002  0.093+0.007 1.733+£0.030 11.0+£0.3
PBI-PPA030/CMS500  0.352+0.002  0.076 £0.006  1.623 +0.056 4.1+£0.3
PBI-PPA030/CMS600  0.358 +£0.001  0.059 + 0.003 -- -

Table SS.
Parameters of the dual-mode sorption model for CO, and CoHs sorption in various samples at
150 °C.

CO, CoHs
Samples ko b c, ko b c},
PBI 0.23 0.12 6.7 0.36 0.24 5.9
PBI/CMS600 0.44 0.17 28 0.74 0.38 18
PBI-PPAo 0.16 0.20 6.5 0.18 0.12 43
PBI-PPA30/CMS500 0.42 0.37 3.7 0.25 0.078 1.7
PBI-PPA030/CMS550 0.60 0.30 8.7 0.32 0.12 2.4
PBI-PPA30/CMS600 0.41 0.17 27 0.31 0.16 3.5

Note: the units for kp, b, and C}; are cm*(STP) cm™-atm™!, atm™!, and cm*(STP) cm,
respectively.



Table S6.

EDS analysis of the elemental composition of the cross-sections of a PBI-PPAo30 thick film and
PBI-PPA0.30/CMS600 film. Surface-center indicates the position between the surface and center.

Samples Position N/C molar ratio P/C molar ratio

PBI thin film Whole 0.36 £0.02 0

PBI-PPAo34 thin Whole 0.37+ 0.02 0,034 0.002
film
Surface 0.35+0.01 0.032 +0.003
PBI-PPAy 30 thick Surface-center 0.35+0.04 0.029 £ 0.002
film Center 0.36 = 0.02 0.021 £0.001
Whole 0.36 £0.03 0.028 +£0.001
Surface 0.28 +£0.02 0.030 + 0.001
PBI-PPAg 30/ Surface-center 0.27+0.01 0.022 +£0.003
CMS600 film Center 0.28 +0.02 0.021 £ 0.002
Whole 0.29 £ 0.02 0.027 +£0.002
Table S7.

Young’s modulus, tensile strength, and fracture strain of PBI, PBI-PPA 30, and their derived CMS
films.

Young’s Tensile Fracture Young’s Fracture
Samples modulus Strength Strain modulus Strain (%)°
(MPa)* (MPa)* (%)* (MPa)®

PBI 1435 145.9 144.4 2510 --
PBI/CMS500 2871 133.7 5.0 4060 --
PBI/CMSS550 2911 33.1 0.2 - --
PBI/CMS600 -- - -- 10,000 0.33
PBI-PPAo.30 1984 118.3 37.7 12,300 --
PBI-PPA0.30/CMS500 - -- -- 3940 --
PBI-PPA0.30/CMS600 -- -- - 11,700 0.18

Note: ? Data obtained using the tensile test at 150 °C. ®Data obtained using the three-point flexural
test at 23 °C.



Table S8
Summary of mechanical properties and H2/COz separation performance of reported PBI-based membranes and CMS membranes for
H2/COxz separation.

Samples Young’s Tensile Fracture Temp. Hzpermeability  Hz/CO2 Ref
modulus (GPa) strength (MPa)  strain (%) (°0) (Barrer ) selectivity '

TADPS-TPA PBI 3.5 - - 35 55 20

TADPS-IPA PBI 2.6 -- -- 35 3.6 32 (50)

TADPS-OBA PBI 2.1 - - 35 5.7 10

Undoped PANI/PBI (20/80) 1.81 26.06 0.29 30 3.79 3.6 (51)

Doped PANI/PBI (20/80) 2.06 30.19 12.83 30 0.841 2.6

Celazole PBI 3.8 94 - 35 2.1 28

20/80 PI/PBI+1-IM TR400 4.0 109 3.0 35 3.1 42 (20)

33/67 PI/PBI+1-IM TR400 3.9 110 3.0 35 53 29

Cellulose/CMS550 2.07 - - 130 1400 11.1

Cellulose/CMS700 5.69 -- -- 130 773 49.5 (2)

Cellulose/CMS850 7.53 -- -- 130 445 83.9




Table S9.

Ep 4 values for H2 and CO2 permeation in PBI, PBI-PPAo.34, PBI/CMS600, and PBI-

PPA0.30/CMS600.
Ep.4 (kJ/mol) P40 (x10° Barrer)
Samples
Ho CO2 H> CO2
PBI 24+ 1 24+ 1 25 1.5
PBI-PPAo.34 28+2 302 71 1.7
PBI/CMS600 11x1 12+1 9.9 2.6
PBI-PPA.30/CMS600 21+£2 17+£2 52 0.29
PBI-PPA(.30/CMS600 (mixed- Mt 104 4 31

gas)

Table S10.

Ep 4 values for CO2 diffusion in PBI, PBI-PPAo.34, PBI/CMS600, and PBI-PPA0.30/CMS600.

Samples Ep.4 (kJ/mol) D0 (%107 cm?/s)
PBI 39+4 170
PBI-PPAo.34 42 +5 70
PBI/CMS600 22+2 17
PBI-PPA0.30/CMS600 27+3 2.0
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